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. SECTION 1: INTRODUCTION

1.1

., &
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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 Buckeye/Sun 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
runotf 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 signiticant 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 Drainage Design Manual for Maricopa County - Hydrology
{Draft), November 2003 (Reference 1), hereinafter referred to as the Hydrology
Marnual.

1.2  Study Area

As shown in Figure 1-1, a pilot study area was selected within the Buckeye/Sun
Valley watershed. This area 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 downsiream 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 study 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 Interstate 10 and Buckeye

Flood Retarding Structure #1.
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. 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 Pilot Study Plan dated April [3,
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 Collection,
Calibration of Parameters, Modeling of the Pilot Study Area, and Recommendations
for District Methodology Changes. Data was collected from various sources in order
to determine typical hydrologic characieristics 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 siudy area. Finally,
recommendations were made on how the District methodology could be modified to
represent agricultural developments throughout Maricopa County. ‘These processes
. are documenied 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.

®
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. 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 information 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 technical memorandum dated January l4”‘, 1992 to the Flood Control

District from Mr. George Sabol (Reference 2). The technical memorandum
was included in Appendix BB of the 1992 Buckeye Area Flood Delineation
Study, (Reference 3). The study was prepared by McLaughlin Kmetty

. Engineers and will be referred to as the MKFE Study. Likewise, the previously
mentioned technical memorandum will be referred to as the MKE Tech Memo.
As part of the MKFE 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 repotts, articles, books, and studies that were reviewed.

2
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Table 2.1: Literature Review Summary

Reference
Title Number' Relevant Information
McLaughlin Kmertty 73 Iag time expression for agricultural fields based
Report ’ on Manning’s roughness for overland flows
. Study findings show that the initial abstractions
COE Aiiﬂ;if“mﬁ 4 for agricultural fields can range between 0.5 and
1.5 inches
Effect of Rain Intensity Supports the assumption that the infiltration and
on Infiltration and 5 abstraction characteristics of a field are similar
Surface Runoff Rates for irrigation and rainfall events
DE;};:SQJ Zf;i;zd Study findings show that the SCS method
Dimensionless Unit 6 overestimates peak flows for agricultural
Hydrograph watersheds.
Guidelines for Extensive information on how field efficiency
Designing and tests are pfarforrfled, how fL}ff(_)W apd border
Evaluating Surface 7 1rr1gauon.1s.demgr}ed, and mflltrauor.l _
Irrigation Systems c‘haractensucs of furrow and border irrigated
fields.
Using Curve Numbers to
Determine Baseline i e L .
Valuesof Greendmpr | 8| (AR B O e s
Effective Hydraulic )
Conductivities
MOZZ;?;OF;?! df(fra;fea X Presents a new meth'odology for determining
Flows on Agriculural 9 peak flows t‘rom agricultural watersheds (field-
Watersheds scale modeling)
Ou?pﬁnltjzrfc { Zﬁaﬁiﬁ%ue Di.scusses how the non-homogenous nature of
t0 Spatial Variability of 10 ralr}fall affecfs the accuracy of runoff models on
Rainfall agricultural fields
A ; figjiigﬁ Zrﬁiﬁzzze Detailed investigﬂation into thfz determination and
the Impact on Stream 11 management of held‘abstractlon and the
Flow subsequent hydrologic response

U

See Appendix A for complete reference information.

Entellus
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. 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 1s 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 from tarmers 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 1 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 1/3 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

®
9 Entellus"

2-3




siudies 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 system 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 most 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.

® o
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23 Crop Rotation

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

crops observed in the area are:

Alfalfa Cotton
Wheat Corn
Barley 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 approximately 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.

. 24 Observed Conditions

The Buckeye area is irrigated from water mainly supplied by one of the two main
canal compantes. 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 surrounding 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 significant
volumes of water. However, a few of the fields have berms that did not appear to be
able to withstand a significant amount of iflow. 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.

® .

Entellus“'




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 systern would offset each other.

2.5  Hydrologic Data

There were no measurements of rainfall runoff available in the area. However, the
Buckeye/Sun Valley National Resources Conservation District (NRCD) collected
irrigation efficiency data for several fields within the study area that included
measurements of ircigation flows, tailwater volumes 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 sirip 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.

® .
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. 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 time, 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 runotf 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.

@ 31
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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 modeled 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 downstream 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 systemn of fields

as a single subbasin. The initial 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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FIGURE 3-1: CALIBRATION PROCESS
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PROPOSED PARAMETERS FOR
MODELING SURFACE IRRIGATED
> AGRICULTURAL FIELDS
Lag Time: Kn = 0.2 w/ District Lag Equation
IA (initial abstraction) = 1.0 inch

DTHETA (initial soil moisture) = Varies w/
Soil Type, Sce Table 2.2

Routes: Route runoff through fields unless
there is evidence to support otherwise




. 3.1 Calibration of Kn for Observed NRCD Sets/Individual 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 tests by the NRCD showed the advance times for the

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

Key Assumption 1: It was assumed that the time it takes water to move through the
field will be similar for both irrigation events and storm events. Thus, the times of
concentration for the fields were assumed 1o be the same as the observed irrigation

advance times.

With the times of concentration assumed to equal the observed advance times, the
. observed lag time was estimated using Equation 5.3 from the National Resources
Soil Conservation Service, National Engineering Handbook - Section 4: Hydrology

(Reference 12), hereinafter called the NRCS NEH, shown below:
Lag Time = 0.6 x Time of Concentration

This equation is typically used to estimate lag times when the time of conceniration is

known. Using the assumptions described above, Equationi 5.3 translates to;
Lag Time = 0.6 x Observed Advance Time
The District uses an empirical equation to estimate lag times. This equation relates

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

current District lag time equation is shown below:
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. District Lag Time Equation

L — C LFP X L('u "
S?

C=CKn
Where:
L. = lag time, in hours
Lgp = length of longest watercourse, in miles
L., = length along the watercourse slope to a point opposite the centroid, in miles
S = watercourse slope, in feet/mile
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)

C = 24 (Corp of Engineers), C| = 26 (USBR), C, = 24 (Used for this Study)

For each NRCD observed set, the Kn value was adjusted uatil the District’s fag 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 culibrated values of Kn for the NRCD sets can be used 1o

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.
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.  Table 3.1: Kn for Observed Field Sets/ Individual Fields

Kn Calibrated Using
District Lag Time
Observed Equation and NRCD
Field Advance Lag Time' Advance Time
SetID | Time (hrs) (hrs) (hrs)
00-34 1.35 0.81 0.19
99.15 2.00 1.20 0.20
99.16 200 1.20 0.33
Average Kn for Observed Field Sets® 0.24

TLag Time = 0.6 x Observed Advance Time

*T'he average Kn value shown is for individual fields only. The Kn value was adjusted further in
order to account for factors associated with systems of typical fields.
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.

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 parameters, and are discussed in Section 3.4.

3.2 Calibration of Initial Abstraction for Observed Sets/Individual Fields

The Observed Sets Model was developed to reproduce the observed volume of runoff
recorded by the NRCD. Observed runoff volumes from test seis 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.
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) Key Assumption 3: it was assumed that the volume lost to infiltration and surface
. retention during an irrigation event would be similar to volume losses resulting from

a rainfall event,

Entellus found supporting research to the key assumption stated above in the
following article: American Society of Agricultural Engineers, Advances in
Infiltration - Proceedings of the National Conference on Advances in Infiltration,
Effect of Rain Intensity on Infiltration and Surface Runoff Rates, Akan and Yen,

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

“If the rain duration is sufficiently long and the water table is low, the
final infiltrability of a homogenous soil and the total volume of infiltrated

water do not depend on the rain intensiry.” Akan and Yen 1983

Since the abstraction and infiltration parameters are not adjusted for various storm
. frequencies, durations, and distribuiions, it follows that they will not change

significantly for an irrigation event.

The Green and Ampt parameters used in the Observed Sets Model were initially
estimated using the District’s current methodology. The NRCD observations included
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 normal saturation conditions for the particular soil type in

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

the initial abstraction.
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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
untit the volume from the Observed Sets Mudekwere close to those recorded by the
NRCD. Calibration of the initial abstraction using the Observed Sets Model is

documented in Appendix D.1.
Special modeling procedures were used to determine the inttial 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: 1A Calibration for Observed Sets/Individual Fields

District District District District
Recommended | Recommended | Recommended | Recommended | Calibrated
Field ID 1A (in) DTHETA! PSIE(in) XKSAT(in/hr) IA (in)
00-34 0.5 0.25 (normal) 4.3 0.4 1.5
(Furrow)
99-15 0.5 0.25 (normat) 4.3 0.4 6.0
. (Furrow)
99-16 0.5 0.25 (normal) 4.3 0.37 5.4
(Border)
Typical” 0.5 Vartes Varies Varies 2.0

"The District recommends modeling fields using wet conditions (DTHETA=0 for these particular soil types), but the
District recommended value for normal conditions (DTHETA=0.25 for these particular soil types) was used because il
was assumed that saturated fields would not typically be irrigated.

*The typical values for DTHETA, PSIF, and XKSAT will vary based on soil types. The LA for typical fields was
assumed to be the lower quartile limit of the calibrated TA values.
As shown on Table 3.2, the calibration of the Observed Sets Model (10 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 obseirved data.
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Key Assumption 4: The calibrated value of IA for the NRCD sets is the same for
. individual sets as it is for a 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 IA value and other parameters, and are discussed in Section 3.4,

3.3 Typical Antecedent Soil Moisture Deficit

The Hydrology Manual 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 (irrigated). 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 [rrigation
. 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.

®
,Q} Entellus




Table 3.3: Typical Field Moisture Conditions
. Field Typical

Moisture Percent of
Condition Description DTHETA! Fields®
Field has been harvested or is not currently
Dry being grown, and therefore has not been 0.35 10%

irrigated for a significant amount of time.

Normal Field has not been irrigated recently. 0.25 60%
Field has been irrigated recently

Wet (within 3 - 5 days). 00 20%

Irrigated Field is being irrigated 0.0 10%

Typical Overall Condmois;‘::uhm Pilot Study 0.19 100%

"The values for DTHETA shown are for typical soil types present in the pilol study area.
?From farmer surveys

34 Calibration of Parameters to Represent Typical Systems

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

factors that were not applicable to individual fields:

*  Runoff moving from field to field (flow routing)

e Typical crop distributions

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

created: System Model I 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 Josses. These parameters included the lag time (average Kn value for
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individual fields) and the 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 [ 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 1.
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 time used in System Model 2 was
adjusted until the peak flow matched the System Model [. 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 Runoft Routing

In System Model 1, the outtlow from each field was routed through the next
downstream field using the normal depth method. It is noted that irrigation
headers could carry outflow {rom the fields to locations outside of the
modeled system. However, it is just as likely that runoff from 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.
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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 iwo

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

how varying percentages of furrow and border crops within an agricuitural

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. System Model I 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

Scenario
Name

Description

# of Border
Fields

# of Furrow
Fields

Peak Flow
(cfs)

Runoff
Volume
(ac ft)

SCENI

All Border

10

0

240

80

SCEN2

All Furrow

0

10

200

63

SCEN3 Mixed 5 5 240 80

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 occutred was the only factor that caused the runoff to

vary because the typical loss parameters developed in Sections 3.1 - 3.3 were
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used for 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 o account for various

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

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 reported 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
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(System Model | and System Model 2) used the Disirict’s 6-hour rainfall
distribution and the 100-year rainfall depth from the NOAA Adas. System
Model I 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 tields, 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.

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 that 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
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models because the models could not run without them. Therefore, the unit
hydrographs included in the NRCD sets calibration models may not be
applicable to modeling irrigaiion events, but had no impact on the study
results because they were not used to estimate peak flows or hydrograph
timing. The unit hydrographs included 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 1.
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

Area of Number Lag
Subbasins of IA Time
Model Name (sq-miles) | Subbasins | (in) | DTHETA | Kn (hrs)
System of Fields Modeled
with Fields as Individual 0.13 10 2.0 0.19 0.24 2.2
Subbasins (System Model 1)
System of Fields Modeled
as a Single Subbasin 1.25 I 1.0 0.19 0.20 3.0
(System Model 2)

The calibration results showed that the initial abstraction used to model a system of
fields as a single subbasin was smaller than the initial abstraction used to model the
same system of fields with the fields modeled as individual subbasins. This was
because the single basin included the etfects of irrigation water being applied during
the rainfall event. Therefore, the additional volume of water supplied to the system

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

The calibration results also showed that the Kn value used to model the system of
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) fields as a single subbasin was smalier than the Kn value used to mode! the same

. system of fields with the fields modeled as individual subbasins. This can be
explained by the effect 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 to 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 from fields
. were used to calibrate the modeling parameters. It was assumed that the
adjusted volume 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 Development and Evaluation of a Dimensionless
Unit Hydrograph, 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
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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, the calibration of curve numbers using peak flows was
abandoned. Green and Ampt parameters were selecied for use instead of the
curve numbers because they offered more controlling variables to help

calibrate the runoff volume.

Calibration of DTHETA

The original attempts to calibrate the Green and Ampt parameters were made
by adjusting the DTHETA and IA parameters. i 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,
parameters were developed that could reproduce the peak runoff and peak
volumes observed by the NRCD. However, as described below, the resuiting

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 initial calibration process resulted in DTHETA values of zero, which was
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not reasonable because the fields were not saturated. Furthermore, 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 D'THETA set to the District
recommended value for “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}.

Applicability of Unit Hydrograph to lirigation 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 not be
affected by the non-uniform application of precipitation to the fields.
Similarly, the lag time (unit hydrograph duration) had no effect 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 volume.
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3.5.4  Vanation from Irrigation to Storm Events

3.5.5
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Entellus searched for previous studies or analyses that could support the key
assumption 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 paiterns 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, Advances in Infiltration - Proceedings of the National Conference
on Advances in Infiltration, Effect of Rain Intensity on Infiltration and Surface
Runoff Rates, Akan and Yen, December, 1983 (Reference 5). One of the

articles conclusions stated that;

“If the rain duration is sufficiently long and the water table is low, the
Jinal infiltrability of a homogenous soil and the total volume of infiltrated

water do not depend on the rain intensity.” 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.

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

3-19




1y

3.5.6

Entellus

fact, reducing the initial abstraction to zero, and setting the DTHETA to zero,
still resulted in runoff volumes that 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 weited
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 ¥2 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 similar 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.

Lack of Data

NRCD observations were obtained for three fields. The observations seemed
to contain irrigation data that was consistent with field observattons and
farmer surveys. However, the hydrologic results obtained from modeling each
sampled set varied dramatically. For instance, one of the furrow fields showed
a significant 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 ficlds.

However, the NRCD was hesitant to release the information because of
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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 rainfali only and not runoff,
so 1t could not be used to calibrate models. In addition, only 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.

Extrapolation of Calibrated Parameters for Typical Systems

The parameters calibrated for individual field sets do not completely represent
lumped 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 area via canals,
ditches, or other fields. Additionally, it is likely that some of the individual
fields within a large modeling area are being irrigated at the same time as
ramfall events. Therefore, we expected the calibrated parameters to change as
we modeled a Jumped system. Systermn Models | and 2 were created in order to

adjust the calibrated parameters to model typical systems.

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
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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 unii 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 Model 1, one
of the ten fields was modeled using the unit hydrograph theory with
precipitation data that 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.
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SECTION 4: METHODOLOGY RECOMMENDATIONS

4.1

Current Methodology

The Hydrology Manual was evaluated and hydrologic procedures and parameters
were identified that would be impacted by farming practices. The current
methodology uses the Green Ampt method to generate rainfall losses. The Hydrology
Manual includes the following parameters that were developed for use in agricultural

arcas;

Parameter District Recommended Value

Initial Abstraction (JA) 0.5 inches

Soil Moisture Content (DTHETA) Saturated (0.0)

Impervious areas 0%

Average Subbasin Roughness used in Lag Equation (Kn) 06 <Kn <0.15

4.2

The Hydrology Manual 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 recommended ranges. Appendix B.7 includes
reproduced tables and text from the Hydrology Manual that show the District’s

recommended parameters for modeling agricultural areas.

Field Observations Regarding Current Methodology

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

discussions with local farmers:

1. Several residents who live downstream from areas that were converted from

agricultural fields to residential developments have noted a significant
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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.

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 (o
impede the movement of runoff though the entire area, and 1if runoff does
occur, the structures tend to trap or at least slow runoft. A typical irrigation
event applies more 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
methodology does not recognize increased times of concentration or on field

retention.

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 simultaneously. Second, existing water rights limit the amount of water
allocated. Third, farmers have to 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 normal to saturated. Therefore, the assumption of

100% saturated fields is not representative of actual conditions.
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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 current methodology was reviewed to identify parameters that could be
appropriately modified to more accurately estimate agricultural ranoff. 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)
e Subbasin Roughness (Kn)

e [Initial Abstraction (IA)

e 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.
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Table 4.1: Proposed Modeling Parameters for Agricaltural Areas

Current
Parameter |- Methodology Recommendation
Value
. Flow routed Route flow through fields or ditches unless evidence
Flow Routing o , . .
along roadways supports doing otherwise.
Lag Time
. . . =0.20,
Equation (Kn) 0.6 <Kn<0.15 Kn=0 A
IA 0.5 inch 1.0 inch. A
DTHETA 0 Sce Table 4.3, 'Ry
of Mw-“" a—
. A"
PSIF Varies Use current ; ed values
{See Appendix B.7 for values)
. Use current District recommended values
XKSAT Varies {See Appendix B.7 for values)
Use current District recommended values
RTIMP 0% (See Appendix B.7 for values)

The recommended changes to the District methodology are discussed further in

. Sections 4.3.1 through 4.3.4.

4.3.1 Flow Routing

The first recommendation is to direct the hydrologist to determine how flows
move though the agricultural 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

used unless demonstrated that the roads actually convey the runoff.

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 inpui values. Calibrated lag times for individual

fields ranged between 0.18 and 0.33, and the calibrated lag time of a typical
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system of several fields was 0.20. It was found 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 (.2 was found in the MKE
Tech Memo and MKE Study. An empirical expression for esiimating lag times
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

Memo 1s shown below:

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

0.25
L:C{Egéi%)

C, =454"5%

Where:

L = lag time, in hours

Lgp = length of longest watercourse, in miles

L., = length along the watercourse slope 1o a point opposite the centroid, in
miles

S = watercourse slope, in feet/ mile

A = drainage area, in square miles

Lag times for each of the three field sets were estimated using the District
equation and the equation from the MKE Tech Memo. The lag times were
compared (o the lag times estimated using the observed advance times and are

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

Lag Time
Lag Time Estimated
LEstimated Using Lag Time Lag Time Using
Using District Estimated | District Equation
Observed Equation | Using MKE and Adjusted
Field Data (Kn =0.10) Equation Kn=0.2
Set ID (hrs) (hrs) (hrs) (hrs)
00-34 0.81 0.44 0.80 0.88
99.15 1.20 0.61 1.00 1.23
99.16 1.20 0.36 0.59 0.73

Entellus

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 Tech 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 arcas. It is not known how the MKE Study
determined that the Kn value should be set to 0.2. However, 1t 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.
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Based on the information above, it 18 recommended that a Kn value of 0.2 be

used to estimate the lag time for surface irrigated areas.

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 wrrigated, 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 Engineering and Design - Flood-Runoff
Analysis (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 significantly trom 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 TA 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.

47
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4.3.4 Proposed DTHETA
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Since not all fields can be irrigated at the same time, and irrigation practices
and economics do not allow irrigated fields to dry, it 1s 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
Buckeye/Sun 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 tields 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.
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Table 4.3: Recommended Values for DTHETA u) e QL\\LC L
o —Brofesed D W

Antecedent Moisture H

Conditions" Current Agricultural for

Soil Type Dry | Normal | Wet (Agﬁl;f;lt‘?\?;t”) u;faﬁ:; ljg?\ilss%n
Loamy Sand & Sand 0.35 0.30 0.0 0.0 0.22
Sandy Loam 0.35 0.25 0.0 0.0 0.19
Loam 0.35 0.25 0.0 0.0 0.19
Silty Loam 040 | 0.25 0.0 0.0 0.19
Silt 0.35 0.15 0.0 0.0 0.13
Sandy Clay Loam 0.25 0.15 0.0 0.0 0.12
Clay Loam 0.25 0.15 0.0 0.0 0.12
Silty Clay Loam 0.30 015 0.0 0.0 0.12
Sandy Clay 020 | 0.10 0.0 0.0 0.08
Silty Clay 020 | 0.10 0.0 0.0 0.08
Clay 0.15 0.05 0.0 0.0 0.05

. "From District Hydrology Ma.ual

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

4.4  Effects of Proposed Parameters on Runoff

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

in the MKE Tech Memeo are shown on Table 4.4,

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

%

Y% Change

Change in

in Flow Volume

From From

Lag | Peak | Current | Runoff | Current

IA Time | Flow | District | Volume | District

Source (in) | DTHETA | Kn (hrs) | (cfs) | Methods | (Ac Ft) | Methods
Current District

Recommended 0.5 0 0.10 1.7 849 n/a 149 n/a
Parameters

MKE Tech Memo |, ¢ 0 wat | 25 | 571 | 33% 149 0%
Lag Equation

Proposed 10| 019 |02 | 30 | 240 | 72% 80 -46%
Parameters

Note: The peak flows and runoft volumes were estimated using the 100-year 6-hour storm. The calibrated parameters
(IA, DTHETA, and Kn), will not change for other storm events.

* The MKE Study (Reference 2) used the District equation with Kn=0.2, whereas the equation in the MKE Tech Memo
(Reference 16) did not use a Kn value.

f
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SECTION 5: PILOT STUDY HYDROLOGY MODEL

3.1

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 Valley Area Drainage Muaster Study by PBS&J (Reference 15), hereinafter
referred to as the Current ADMS Report. At the time of this report, the Current
ADMS Report was not finalized, and the data and results shown in this pilot study

could vary from those in the final report.

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 estimalte 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.




. 5.2  Mapping and Survey

2-foot contours were used to develop the PBS&J Models, and are discussed in the
Current ADMS Report. Additional survey data was obtained in order to verify the
flow routing. The survey notes are included in Appendix B.6, and the point files are

included electronically in Appendix F.

5.3 Parameter Estimation

5.3.1 Concentration Points and Subbasin Boundaries

The concentration points and subbasin boundaries used in the PBS&J Models
were not modified, and are documented in the Current ADMS Report. The
subbasins and concentration points within the pilot study area are shown in

Figure 5-1.

5.3.2 Precipitation

. The precipitation depths and distributions used in the PBS&J Models were not
modified and are documented in the Current ADMS Report. The models were
created to simulate the 100-year 6-hour, and the 100-year 24-hour storm

events.

5.3.3 LagTimes

The lag times used in the PBS&J Models were developed using the same Kn
value proposed in Section 4 of this report. Therefore, the lag times used to
model the pilot study area were not modified and are documented in the

Current ADMS Report,
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FIGURE 5-1: PILOT STUDY AREA SUBBASINS AND CONCENTRATION POINTS
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Green and Ampt Parameters

The Green and Ampt parameters used to model the pilot study area were
modified from those used in the PBS&J Models according to the proposed
changes documented in Section 4. The modifications made to the parameters

were as follows:

e DTHETA was estimated using the weighted average of soil saturation
expected in the pilot study area (0.19 for the sandy loams in the pilot
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 loarns in the pilot study area).

e As proposed in Section 4 of this report, the initial abstraction was set
to 1.0 inches for agricultural areas within the pilot study area. The
PBS &1 Models set the initial abstraction to the District recommended

value of 0.5 inches.

Unit Hydrographs
The unit hydrographs used in the PBS&J Models were not moditied and are

documented in the Current ADMS Report. The unit hydrographs were created

using the Disirict’s S-graph methodology.

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

routes are documented further in the Current ADMS Report.
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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 generated a hydrograph that was routed through the area downstream
of the canal. The development of the HEC-RAS models is documented in the
Current 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 input/output files for the pilot study models are included in Appendix L.
Table 5.1 lists the peak flows estimated using the PBS&J Models with the propoesed

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

Table 5.1: Pilot Study Area Results Using Proposed Methodology

100-Year
100-Year 6- | 24-Hour
Hour Peak Peak
Flow Flow
Location (Concentration Point) (cfs) (cfs)
Palo Verde Rd. and Southern Ave. (H4) 337 293
Palo Verde Rd. and Baseline Rd. (HS) 403 373
Palo Verde Rd. and the Railroad (H6) 406 385
Palo Verde Rd. and the Buckeye Canal (H7) 400 398
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5.6  Comparison of Results

Table 5.2 shows a comparison of the unit runoff from subbasins throughout the study
area estimated using the MKFE Study, the PBS &J Models, and the PBS&J Models with

the proposed changes to the District methodology.

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

PBS&J Models
w/Proposed Changes
Previous ADMS | Current ADMS to District
Subbasin | - MKE Study |- PBS&J Models Methodology
Subbasin | Area Unit Peak Flow | Unit Peak Flow Unit Peak Flow
ID (sq mi) (cfs/sq mi) (efs/sq mi) (cfs/sq mi)
31 1.1 283 194 157
43 1.0 264 199 161
54 0.4 382 265 225
62 0.6 498 330 278

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 Study. The decrease in estimated peak flows is consistent

with the findings of the calibration process.
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. 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 actoal data from
arcas 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 a 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 needs

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 for 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
recomumended 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 the NRCD at the time of this study was Nathan Melton and his
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. phone number is 623-386-463 1.

3. The Southwest Watershed Research Center (SWRC) in Tucson has sprinkler
systems that were designed to simulate rainfall events. Future studies should
consider using these sprinklers to simulate rainfall 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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' 23.6 The CONSULTANT shall submit all pertinent GIS or CADD Data relating to hydrology
. as described in Task 2.5.9.

237 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 converied 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
wiil be conducted to determine how to more accurately model agriculture fields and the
effects they have downstream properties.

2.3.77.1 The CONSULTANT shall determine typical, maximum, and minimum areal
coverage of active farming 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 1mgatlon d1stnct representatwes,
! farmers, and water masters to obtain information on farrmng and irrigation
‘ practices and potential p1lot study boundanes :

2374 The CONSULTANT shall conduct ﬁeld tl‘lpS to develop an understandmg of the

. geographic connectivity of farmlands and their operational regimes, take

" measurements, talk to farmers and water-masters in the field, and observe

. irrigation practices. The CONSULTANT shall conduct additional field trip to

... identify locations of cross  sections to be surveyed and take additional
e ',measurements or samplcs Four fulI day f1eid tnps and two 1/z day tl‘lpS are'.

7.3 ":shall evaluate potential pilot study locat:lons and seiect an:r
i ..area of approx:mately 5 square’ ‘miiles - based-on farming practices, sirrigation
e _reglmes, avmlablhty of data hlstoncal ﬂoodmg problems locat1ons of. dramage :

2.3. 7 6 The CONSULTANT shall recommend a prelmnnary methodology for modehng _
the pilot agncultural hydrology and submlt for re_v1ew Final deterr_m_natlon of the

. Exhibit A - Scope.of Work -



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 preparc 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.

23.8 The CONSULTANT shall prepare a detailed hydrologic analysis for the Area 1:
Buckeye Watershed south of I-10, by modifying existing hydrologic models and
developing new models as necessary. The watershed area is approximately 85 square
miles. Most of the land in this area has been developed as agricultural fields. The natural
washes have been eliminated Ieavmg the roads to act as conveyance for runoff,

23.8.1 EXIST]NG CONDITIONS

2.3.8.1.1. The CONSULTANT shall review  the Existing Condition 100-

. year/24 -hour, 100-year/6-hour. - The CONSULTANT shall use the

.. Buckeye Area Flood Delineation Study (McLaughlin Kmetty and

.. George V. Sable, 1992).as the base model. The CONSULTANT

-+ . shall modify, update, change, and develop as necessary the followmg
hydrologlc parameters '

-~ a., -‘Modlfy XKSAT and PSIF to comply w1th the Dramage Demgn
.+ manual for. Mancopa County, Volume 1, Hydrology (FCDMC

If: necessary,‘ add concentration pomts
: Create models for the IO-year 24—hour and IO-year 6-hour storm

P_ggé‘lz of{3'8';1 R .ExhibitA—(S.”' peof Work, .




Buckeye/Sun Valley Area Drainage Master Study

Agricultural Land Hydrologic Modeling
Proposed Pilot Study Plan

April 13, 2004

A potential hydrologic issue within the Buckeye/Sun 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

- BEstimate 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
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 contain/divert water at header ditches

- Tail water system (ponding, tailwater ditches, free runotf)

- Lateral dividing berms

- Roadway layout

For the data collection task, a general comparison of the farming 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 agricultural 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 convey/store runoff

- Adjust the model to incorporate tatlwater 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 Page20f 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 Hydrelogy
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 runoif

The calibrated model will then be 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 agriculteral 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.

Agricultural Pilot Study ~ Proposed Plan Page 3 of 3




= . APPENDIX B. DATA COLLECTION

| ‘B.1. Orlgmal Study Process/Scope of Work
B2, ;Farmer Sur veys

B.3. - Related;Studles

‘B4, NRCD Field Efficiency Test Records

_ B.S.‘ Field Pﬁ(itog_raphs and Observations
‘B.6..  Survey i),ata

B7 ~ District éMethodology Text and Tables
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2255 N. 44th 5t., Suite 125 Bll ck eye fSun Valley A]_'ea Drainage Master Study ‘. :

Phoanix, AZ §5008

Bone O iattadT FIELD MEEYING QUESTIONERRE
Woebsita  www envellus,com Entellus Project No. 110.018

Wednesday, August 11th, 2004, 10:00 a.m,

. / | N
Name:__{,/ ézm; A/:,»g/ (dea) Phone Number(s): & 34 ~286 - £/4/10

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

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

- 1) Alfalfa Quwirids [ et foewu sb tf Arr oS ;Lm_«vfﬂ‘ e W"‘;'{/T
| 2} Corn kMi o L ..frdg?m/ KOpaszs Y€ Aot 2 .'i@w{/f

3) Wheat (O g G013 4 e 3 gere fﬂL
4) Cotton M%émﬁ, x»rzm,.,; 44 4 . 35 -“Fi-c.aw/.{/j_'
() |

6) ( )

) ( )

Page 1, Questions




. CROP ROTATION INFORMATION

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

Please check the crops you grow: v Alfalfa _»~ Corn v Wheat

. Cotton ( ) ( )
( )
When is each crop planted? {}r}” Alfalfa sy Corn O, . Wheat
Va2 0tton ( )i ( )
_ )

When is each crop harvested? WP lfalfa % &] Corn %,Ew Wheat
Ouf m;;@.‘!(:ouon) JIe o) ¢ )

. How long is the growing season? | Mﬁlfalfa lzﬂJ_»;Corn & Wy heat
(

|t Cotton y ( )
I )
How long is the field in fallow? - o _-Alfalfa (g Corn & latiWheat
Agdflotion _____ ( ) ( )
o )
What % of your fields are? so ZAUalfa _20%Corn ¢ % Wheat
| 2.%. Cotton ( ) ()
( )

What % of your fields are typically in fallow? (. o/ ket 389 ;{4«1/ i M

Page 2, Questions




Name:£y Emglr Eivis, Phone: & +3 5’*‘%* Y40
L B> arder—

. Please outline your areas of operation on the map below.

N i‘% Lower Bu | keye Road

¥ i o o

e =S

Southern Avenue




Q}// Entellus:

.f.ii,’,‘,;f‘;;‘ Sue12  Buckeye/Sun Valley Area Drainage Master Study
Phone  (602)244-2566

Phone " 6021244-2505 FIELD MEETING QUESTIONERRE
Website  www.cntelilus.com Entellus Project No. 110.018
Wednesday, August 11th, 2004, 10:00 a.m.

Name: G;Mﬁ E‘?MQ Phone Number(s):_(z02 -396- 199%

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

Crop: How Often? How Long? How Much?
Summer | Winter Summer | Wlnter Summ | Winter

1) Alfalfa 22X 2o /M,{m;(,(ﬁ — Doy

~=2) Corn

3) Wheat

4) Cotton

5)( )

6) ( )

A )

Page 1, Questions




. CROP RQTATION INFORMATION

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

!
kY

Please check the crops you grow: /. Alfalfa Arn / Wheat—
( )

Cotton ( )
_ )
When is each crop planted? OA, Alfalfa Mol Corn Loz Wheat

,{;M_Cotton I ) ( )
R )

When is each crop harvested? W%lfalfa Jzley Corn /_@ﬁ heat
(

Lho.Cotton __ ~ ( ) )
( )
....ow long is the growing season? %~ , Alfalfa A nv Corn (5o Wheat
<wy_Cotton ( ) ( )
_ )
How long is the field in fallow? o Alfalfa fuw; Corn  {wp Wheat
Hup Cotton  ___ ( ) ( )
_ )
/ g
1257Corn [ 2.5/-Wheat
S { ) ( )
—_ %
What % of your fields are typically in fallow? (OO0

Page 2, Questions




Phone: (02-370-/995"

Name: G;Mj;/g gwqg

Please outline your areas of operation on the map below.

>keye Road

TRSTEESESoTEEI

l_ower Buc

T

.,

"

Cangy,

Southern Avenue

Palo Verde Road

Wilsoh Avenue

i Base

line Road




| ﬁ Entellus:

.ﬁ,,’f,‘,‘"ﬁ‘ saoe ¥ Buckeye/Sun Valley Area Drainage Master Study |

Phone (60212442566 FIELD MEETING QUESTIONERRE
Website  www.entellus.com Entellus Project No. 110.018

Wednesday, August 11th, 2004, 10:00 a.m.

Gz,

Name: % S Pl Phone Number(s): Q/ 8-yl

IRRIGATION INFORMATION

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

Crop: How Often? How w How e 2
Summer | Winter Summer | Winter Summer | Winter
1) Alfalfa _Z/odifz whennale| 358 ame 2:46. b7  sones
‘Scom 5ol 2.50" bt (12720 R
3) Wheat
4) Cotton
3)( )
6) ( )
D( )

Page 1, Questions




@ CROP ROTATION INFORMATION

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

Please check the crops you grow: ﬁlfalfa “—Corn Wheat
~ Cotton _ oSttty = (coB)
_ )
When is each crop planted? o<1 Alfalfa Wﬂ /Corn _ Wheat
Cotton = (Sudsy) (o)
_ )
When is each crop harvested? Vet Alfalfa 5% Corn Wheat
_____ Cotton (Sreten) (o8 )
| S { )
& - . Bt
ow long is the growing season? [ 2 TAlfalfa Corn Wheat
___Cotton 34" {5ig0n) 22 (<27?)
( ) |
How long Is the field in fallow?  |4r\“Alfalfa Corn Wheat
____Cotton ____ ( ) _( )
— )
What % of your fields are? /W%Alfalfa 25 ZaCorn Wheat
_____ Cotton _/cZHA Seeler) ﬁﬁza@%)
_ )

What % of your fields are typically in fallow?

Page 2, Questions




Name:

17 (Bt b

Phone: Zawz Y& - /50

Please outline your areas of operation on the map below.

|
|

:keye Road

pp—

Southern Avenue

.i Lower Bug
“"“‘“—-—___
q\\
ROC
Cangy
_ _ |
o ' g,’
© | 2
Q i .y:
<
v ————————— =
off o]
>1 2
o
g >
]
L]

) Baseline Road




| Q% Entellus:

e, Az ss06 -~ Buckeye/Sun Valley Area Drainage Master Study |

i hoenix, AZ 85008

chons (80212441560 FIELD MEETING QUESTIONERRE
Woebsite  www.cntellus.com Entellus Project No. 110.018

Wednesday, August 11th, 2004, 10:00 a.m.

D’ﬂ C—?z/a c‘/"{h/c-‘r? Z(:.? _ (/g__h 3 /23
Name: (- Joclelen Feiinas Phone Number(s): 422 - 384 - 31/
IRRIGATION INFORMATION

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

Crop: How Often? How Long? How Much?
Summer | Winter Summer | Winter Summer | Winter
1) Alfalfa Q/m{ a {/,,,. s .3-.5 gp L e
] / 'f”r")' '(;7
. 5 e :r
~2) Corn /’z;/ﬁig
3) Wheat —

4) Cotton ~ ———

S)( )
6) ( )
N( )

Page 1, Questions




o CROP ROTATION INFORMATION

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

Please check the crops you grow: 4 _Alfalfa X Corn X_Wheat

_____ _Cotton _____ ( ) N )
N )
When is each crop planted? S AeAlfalfa (I phCorn [¢o  Wheat
_Cotton  ___ ( )  ( )
— )
When is each crop harvested? H yrirAlfalfa Sul ;_Corn ¢ Wheat
____Cotton ___ " ( )  ( )
_( )
'-j _gbw long is the growing season? 4/ i/ Alfalfa %w ¢on_Corn émag Wheat
__ _Cotton ____ ( ) ( )
_ )
How long is the field in fallow? Alfalfa Corn Wheat
____Cotton ____ ( ) )
_ )
What % of your fields are? L 4% Alfalfa 51577@ Corn Wheat
____ _Cotton ____( ) _ ( )
_ )

What % of your fields are typically in fallow?_() be alf/ YL 3076 —LO%

" T3 moer

l !

Page 2, Questions




Name: Phone:

Please outline your areas of operation on the map below.

Lower Buékeye Road

S=momo oo ST = ] aan o —

Ro
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Do Southern Avenue

of | o
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L._I

)
|

i Baseline Road
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_ 103W, Baseline Road
. Bmwgzﬁ% . Roosevelt Irrigation

District

Fax

Te: Jacob Sweengy Fromm Slan Ashby
Entellus Inc.
Fma  €02-244-8947 Pages: 3 including cover sheet
Phone: - Date: (07/28/04
Rey: GG

OUmgent O ForRoview  [J Plsase Comment [ Please Reply [1 Please Recycle

0 & Comments:

Jacob, attached are the flows for Lateral 21 (Wilson Road and Lateral 22 (Palo Verde Road), Tha F

Lows are reported in Arizona Minor's inches.
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Name:

Phone:

Please outline your areas of operation on the map below.

e Lower Buckeye Road
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Name: Fhone:

Please outline your areas of operation on the map below.
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RECEIVED JAN 1 6 1992

. TECHNICAL MEMORANDUM

TO: Tim Murphy (Contract FCD 90-69)
| Steve .Haters (Contract FCD 90-20)

! FROM: G.V. Sabol
x DATE: 14 January 1992

SUBJECT: 1.) Unit hydrographs for agricultural fields, and
2.) New Lag relation for unit hydrographs.

| REFERENCE: Contract FCD 90-69, Buckeye FIS
Contract FCD 90-20, Hydrology/Hydraulics Advisory Services

P KA ! 0

INTRODUCTION
Th1s study was 1n1t1ated as part of the Buckeye FIS Pro1ect {Tasks 3. 13.4
; and 3. 13 B}. However, ‘the work effort and results extend heyond that requlred
by. the Buckeye FIS, and some portion of this work was undertaken under
contract FCD 90 20 as additional unit hydrograph development for the Manual.

_ This memorandum presents the followlng ‘
. 1. development of a nev Lag relatmn for unit hydrographs.
2. comparisen 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
f ~ Valley and the Phoenix Mountain S-Graphs for seven watersheds that were
used in verification of the Maricopa County Hydrologic Design Manual
(Manual}, - ‘
| - 4. conclusions from these comparisons and evaluations,
. recommendations, and
6. suggested studies to be undertaken before implementing the

recommendations.

DEVELQPMENT OF NEW .Lag RELATION
Theory .
‘The general relation for basin Lag ag a function of watershed

characteristics that is traditionally used is given by Equation 1.

The theoretical justification for Equation 1 is not known but was probably an
extension of the results of Snyder's (1940) investigations, wherein he

3-2-1
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- L% Lca ,
Lag C["’"—UE_S ] (1)

determined the following equation for Layg:

Lag = € (b x LA ) . (2)

Thé value of the exponent, m, in Equatiom 1, generally has been assigned
within the trange 0.30 to 0.38. The USBR (Flood Hydrology Manual (Cugvorth,
1989)) recommends that m = 0.3} regardless of the location of the dra1nage
basin. The Corps of Engineers typically uses m = 0. 38. The coeff1cient. C.
appears to be related to the hydraullc efficiency of the direct storm runoff
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
registance coefficient representing the average resistance to flow through the
drainage network. The traditional Lag equations in use are: '

L x Lea }¥ .
Lag = 26K, ] : by the USBR (3)
[
Lag = 24K, _{'_’_‘U%'ﬁ o by the Corps {4)
. g . ;

It should be noted that there are numerous definitions for Lag. Hornmer
and Flynt (1936) originally defined Lag as the tisie from. center of masé of
rainfall to center of mass of runoff. Lag, as defined by Snyder (1940), is
the time between the center 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 intemsity. The $CS definition of Lag:.is the

i8-2-1




analysis and is defined as the time from the start of a continuous series of
unit rainfall excess increments to the time when the resulting runoff
| hydrograph reaches 50 percent of the ultimate discharge. The ultimate
. discharge is an equilibrium rate achieved at the time when the entire drainage

same as that used by Snyder. Lag of Equation | is determined from an S-graph

, basin is contributing runoff at the concentration point from the continuous
. series of unit rainfall excess increments.
.L - These equations and others for Lag have been developed from data for
k gaged watersheds and these empirical equations are uged to estimate Lag for
.!' ungaged watersheds. Theoretically, the equations should satisfy hydraulic
"~ similitude for gravity flow with the gaged watersheéds beéing consideted as
. . models and the ungaged watersheds as prototypes. The resulting Lag equations

should satisfy Froude Number similitude and accordingly the time relatioh for
- model to prototype conversion is:

Ty o LF'S (5)

where Ty is the time ratio and Iy 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:

Lag = (L'x Gica) ¥ (6]

The 're'iation of Lag to watershed slope is a means of incdrporating the runoff
velocity, V, in the Lag equation and

1

lag « b (7)

28-2-1 )
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According to equations of gravity flow

v o= glfd (8)
and therefore
Lag = F%7§ {9)
S .

which deviates significantly from either Equation 3 or 4.

Combining Equations 6 and 9 results in

. 25
Lag = CL {_._T“L X LCA} (10)
LY

Where CL ig a coefficient.

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 watérShéd and rainfall

'characteriatlcs that may be of interest, and certain variables may be too

subjective, such ag K, in Equatlons 3 and 4, to be re11ab1e and reproducihle :
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 Relations
Data on watershed characteristicg and Lag as determined by S-graph

analysis was obtained from the files of the USBR that was used by the USBR in
developing Tables 4-1 through 4-6 of its Flood Hydrology Manual. These data
wvere classified into six categories by the USBR as follows:

1. Great Plains (Table 4-1),
. . Rocky Mountains (Table 4-2),
Southwest Desert, Great Basin, and Colorade Plateau (Table 4-1),
Sierra Nevada (Table 4-4), '
Coast and Cascade Ranges of California, Oredon. and Washington,

(Table 4-5), and
6. VUrbanized basins (Table 4-6).

(&L Y OV )

‘ The data sets for deserts (Table 4-3), thé RoéKy Mountains (Table 4<2),
and urbai basins (Table 4-6} are applicable to Arizona and these data are *
dhown in Appendix A. Previous investigations indicated thdt thie desert dnd
Rocky Mouiifiin Lag data aré cotipatible forlanalfsis as a single set. The
vatershed chatracteristic data and measured Lag for the desert ‘did Kocky
Mountain watersheds that were obtained from the USBR are shown in Tdble 1.
Figure 1 shows a qraph of measured' Lag versus L x LCA/§%. Lines aré shown in

- Figure -1 with a slope of 0.25 ‘indicating agreement with the théoretically

derived exponent m = 0.25. The lines are for CL of 5, 10 afd 15, and the data
indicate tliat €L rifiges from slightly less than 5 to abéuf 18 with most CLs
between 10 and 15. '

Multiple regresgion analyses were performed using the data of Table 1 in
an attempt to develdp a prediction equation for CL. About 40 CL equations
were déveloped from various cofibinations of independent vatiables. ‘The
variables were inspected in both untransforméd and trangformed (log and power

functions) states. -

Four CL-prediction equations were selected for further inspection. These

_being:

(11)

CLl = 11.75 + .006 DA - .21 LHR

R = 0.70
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CL2 = -18.03 + 3.3 log DA +10.5 log &§ (12)
R = 0.69
€L3 = -14.24 +3.02 log DA + 9.04 log § (13)
R* = 0.68
cL4 = antilog (.1816 +.103 lag DA + .307 log § ) (14)
R = 0.65 |
vhere LWR is vatershed length to width ration (L¥/DA),

DA is drainage area in square miles, and
S is watercourse slope in feet/mile.

The square of the myltiple correlation coefficient (Rg) measures the
portion of total variation about the mean (in this case the mean value of CL)
that isﬁexpL§inéd by the regression equation. A R = 1.0 indigatesfthat the
regression .equation explains 100% of the total variation (the ideal, but
virtually never achieved situation). Larger values of R’ means that the
equation better explains variation in the data. R? in the 0.5 to 0.8 range
are common for hydrologic data. R® larger than 0.8 is exceptional. The R?
for the ahove equations are reasonable for the type of data that are analyzed.

‘There are many more variables that are_ggeded-to'%ccurately" estimate Lag, but

the identification and measurement of these other variables.is beyond our
present ability.

. The CL that is estimated by Equations 11 through 14 are listed in Table 1 I
and these were plotted against the meagured CL ip Figures 2 through 5, :

respectively. These graphs indicate that the four CL prediction equations %
provide reasonahle values for CL. E
The results from the four CL prediction egquations were used in Equation f

10 (the new Lag relatiomn) to estimate'hag for the watersheds .that were used to
develop the CL prediction equations. The estimated Lag with CL estimated by “
Equations 11 through 14 are listed in Table 1 and these were plotted against
the measured Lag in Figures 6 through 9, respectively.
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Inspection of Figures 2 through 9 does not lead to a clearly superior
estimator of CL or Lag. However, g&ggﬁggmsgxpgbggygak.at estimating‘low CLs
andsshort lidgs, shut-seems: to be stronger-thanrother:. Clrequations for longer:

Lagas

Some independent Lag data is identified in the $-Graph Report that was
prepared for the Flood Control District of Maricopa County (Sabel, 1987).
That data is shown in Table 2. 1In 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 June 1972. Descriptions of those étorms
are shown in Appendix B. Notice that different values of Lag are shown in
Table 2 depending on the storm. This zllustrates thatﬁgggﬁgg%ﬁﬂﬁgﬁgﬁgr%

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. !

predlctlon equatlons'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 Equationaslduis.
Pldturel ) veeddERgaE of

recommendgd, for use in estimating:.GlL.:for nndevsldy

Al ‘ wmt- 2,# *2“5'

deserts and mountains in Arizona.
TR e L, s D T




A similar analysis was performed for urban watersheds using USBR data
(Appendlx A) ‘as shown in Table 3. An additional watershed characteristic,

1mperv1ous area (RTIMP), was 1ncluded for urban watersheds A graph of

L x LCA/S2 versus measured Lag for urban watersheds is shown in Figure 14, and
that graph illustrates that the theoretical value of m = 0,25 is appropriate
and that CL ranges from about 1.0 to 5.0 for urban watersheds. A multlple
regre991on analysls of the urban watershed data resulted in one clearly

superior equat:on to predict CL for such watersheds:

CL = antilog {0.31 + 0.0955 laog »A +0,3560 log § - 0.3610 log RTIMP)

R = 0.67
(15)

A comparison of the estimated CL and measured CL is shown in Figure 15 and a
comparison of the -estimated Lag and weasured Lag is shown in Figure 16.

One more genéral type of watershed exists in Arlzona that néeds to be

1n1t1ation of'the Buckeye FIS contract. Such watereheds have very flat slopes
-and 4y have high registance to flow due to tillage and vegétation growth.
Such watersheds may also be representative of large turf areas such as golf
courses aid parks. Data dre not avajlable to develop a CL prédiction equidtion
for such watersheds, therefore, the desert/mountain CL equation was modified
based on other ‘considerations as follows: Resistanve factors for overland
flow are provided in the September 1990 EEC-1 Manual and SCS TR-65 (Appendix
C). The ratio of resistance faétors for various surfaces to the resistance
factor for rangeland (natural) from TR-55 are as follows: |

' Ratio of Resistance Factors

Surface {Rangeland n = 0.,13)
.Cultivated, residue greater than 20% 1.3
. Denge grass - 1.8
Bermuda grass 3.2
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The ratio of resistance factors for various surfaces to the resistance factor

for rangeland (20% cover) from HEC-1 are as follows:

Surface Ratio of Resistance Factors
| n_= 0.05 n=0.25
Conventional tillage with residue 3.2 - 4.4 B - .9
- Dense grass J.4 - 16.0 LT - 3.2
Bermuda grass 6.0 - 9.6 1.2 - 1.9

Aithough there is tremendous variability in these ratios, a composite ratio of
agricultural/grass resistance factors to a rangeland (natural) resistance

factor of 3.0 seems reasenable., Therefore, the Lag for agricultural/grass
vatersheds.would be about 3 times larger than the Lag for a comparable |
rangeland watershed. The CL prediction equation for agricultural/grass
wvatersheds is:

€L = 3 x antilog (.1816 +.103 log DA + .307 log 5} (16)

-

Summary of CL and Lag for use in Arizona
The recommended Lag egquation is:

e
: L x Lca Y3
Lag = CL
ag (—_—53__—] (10)

where CL is estimated by Equation 14 for desert and mountain watersheds, by
Equation 16 for'agriculturalﬁ@rass watersheds, and by Equation ‘15 for ucrban

wvatersheds., Those equations, rewritten in more convenient form are:

desert and mountain.watersheds,

cn o= 1.5 2 5! | (17)

agricultural/grass watersheds,

cL = 4.5 at g (18}
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. urban watersheds,

B [
CL = 3;2~f““;§§, (19)
RTIMP '
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
.1t is assumed.that the Lag that is estimated by Equation 10 with CL
egstimated by Equations 17, 18 and 19 provides an estimate of Lag for severe
stormg that produce floods of approx1mate1y the 100~yr return period. iy

l
1
l
l
I
I
I

A BGIE P BIE 5 21 Ge 0 _ r. Data are not available to provide
definitive guldande or a Justlng Lag' or flood return period. Previous flood

N gtudies (Tucson Arroyo) for the District indicate that the following Lag

.' frequency factors may be appropriate:

Return Period . . Fe
years
100 1.0
50 1.25%
. 25 1.50
10 1.75 V
2 2.0 -

Additional testing of this method using gaged watershed data could be
uged 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.of:lLag and the

s, | Aeels s AN

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)

L.
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DEVELOPMENT AND EVALUATION OF A DIMENSIONLESS UNIT HYDROGRAPH!

Bruce N. Wilson and J. William Brown?

ABSTRACT: A generalized unit hydrograph method is developed and
evaluated for ungaged watersheds. A key compenent in this method
is the value of a dimensionless storage coefficient. Procedures to
estimate this coefficient are given using calibrated values from 142
rainfall-runoffevents gaged in watershed located mainly in the East-
ern US. Only limited success was obtained in predicting this storage
coefficient, Thirty-seven, independent rainfall-runoff events were
used to test the proposed technique. The generalized unit hydrograph
predicted the observed runoff hydrographs fairly well with consider-
able improvement in accuracy over the SC8 dimensionless unit
hydrograph. Approximately one-half of fest storms had percent er-
rors in predicted peak flow rates that were less than 34 percent
compared to percent error of 88 percent with the SCS method.

(KEY TERMS: agricultural hydrology; hydrograph analysis and mod-
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, 1948; 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, 1985). 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
key parameter here is a dimensionless storage coeffi-
cient. Second, the dimensionless storage coefficient is
evaluated using 142 rainfall-runoff events cbtained from
watersheds located 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.

1pgper No. 91060 of the Water Resources Bulletin. Discussions are open until December 1, 1892,
2Respectively, Assistant Professor, Agricultural Engineering Department, University of Minnesota, 1390 Eckles Avenue, St. Paul, Minnesota
55108; and Watershed Engineer Lake County Stormwater Management Commission, 333 B Peterson Road, Libertyville, llinois,
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THEQRETICAL DEVELOPMENT
Dimensionless Formulation of Clark’s Method

A dimensionless unit hydrograph is developed from
Clark’s (1943) method. Clark proposed that a unit
“hydrograph for ungaged watersheds could be obtained
by routing a time-area curve through a single, linear
reservoir. This approach is simple, has parameters that
are conceptually connected to the runoff process and
has wide-spread use (HEC, 1971). Clark’s method is
based on the continuity equation for a linear reservoir
which can be written as

dS @ _d0¢) 1
IH-00= 7 =K== = (1)

where I(t) is the inflow hydrograph, O(2) is the outflow
hydrograph, S(t) is reservoir storage defined as
8(t)=K0(t), K is a storage coefficient and ¢ is time. In
Clark’s method, the inflow hydrograph is taken as the
time-area curve for a watershed and the outflow
" hydrograph is the unit hydrograph. If the time-area
curve is based on an instantaneous excess depth of one
unit (i.e., I=(1)dA /d¢), 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
~ used herein.

A dimensionless form of equation (1) can be obtained
by multiplying both sides of Equation 1 by ¢,/Z A and
rearranging terms as

do‘e‘) (2)

L4)-0.¢)=K, —— Z.

where the dimensionless variables are defined as

At "{A(;j) | (38)
L6y =48 (30)
dt,
thUH@«)

0,¢)="o -2 3d
&) e (3d)

K = K (3e)

t _
=L

t. - (3b)
where A.(t), I.(t), O,tJ), K, and ¢, are the dimension-

less area, time-area response, IUH, Clark's storage

WATER RESOURCES BULLETIN

coefficient, and time, respectively, Ay is the total water-
shed area, ¢, is the time of concentratlon and X is the
linear storage coefficient. In the above definition of O,,
the rainfall excess depth, Z,, is taken as one unit.

By multiplying by the int,egration constant exp(t,/
K,), equation (2) can be written as

exp 1,/ K) 908) enp (1K) OB =
dt. K

exp (6, /K L&) (4)
K

and rearranged as

d[ Ot exp(t./ K] = f—;g—’ exp (/K. dt, 5)

and evaluated for a dimensionless unit hydrograph
value at ¢, as

Iy
Ou(t) = expl-t./K) f %‘2 exp(n/K)dn,  (6)

4

where 7. is a dummy integration variable. The above
equation assumes that O, =0 att,=0.

Analytical Solution

A solution to Equation (6) requires an estimate of
the time-area response I,. This response can be esti-
mated from topographic maps using estimates of travel
times within the watershed (Linsley et al., 1982). Com-
putations, hawever, can be tedious and require a nu-
merical solution of Equation (6). Frequently synthetic
time-area curves are used to simoplify procedures. Theo-
retically, synthetic time-area curves should be defined
such that response is zero at the time of concentration
(i.e., t=1)

O’Kelly (1955) showed that a synthetic curve de-
fined by isosceles triangles could be used to approxi-
mate the time-area response without a significant loss
of accuracy. The HEC- 1 simulation program allows the
user to seleet a symmetrical, nonlinear, curve (HEC,
1971). Brown (1989) evaluated the impact of synthetic
time-area response using (1) O'Kelly’s curve, (2) HEC-
1’3 curve, (3) an oblique triangular curve where the
peak occurred at 25 percent of the time base and (4} an
oblique triangular curve where the peak occurred at 75
percent of the time base. He concluded that the oblique
curve with the earlier peak best represented his data.
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Development and Evaluation of a Dimensionless Unit Hydrograph

For a triangular, synthetic time-area curve, Equa-
tion (6) can be solved directly for O, (Brown and Wilson,
1989). This solution, however, is awkward because it
results in & set of equations for different time domains.
A gingle 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 0.25¢, and that area under
the curve for ¢, > 1 is small. The simplest function that
satisfies these two conditions is shown below

I, =256 t2 exp( - 8t,) ‘D

By substituting Equation (7) into Equation (6} and by
integrating by parts, the dimensionless unit hydrograph
is obtained as

2t.K, . 20K,)2
1-8K, (1-8K,)?

256
(1-8K.,)

O.(t,) = exp (—8¢,)|t2

_ 512 a'{;) 2 exp ("t; Kt)
(1-8K,)3

(8)

The impact of different K, values is shown in Figure 1.
For the special case of K,=0, equation (8) equals I,

. given by Equation (7).

The IUH for a particular watershed can now be deter-
mined directly from Equation (3d) as

TUH(,) = O t,) DAT

(9)

where terms are as previously defined.
The IUH defined by Equation (9) requires that the

" watershed area, the time of concentration and the di-

2.5

20}

167

1.01

057

Dimensionless Flow - 0*

1.0 1.5 2.0
Dimensionless Time - t*

Figure 1. Effects of K, on Proposed ITTH.

2.5

309

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
Ruinfall-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 runocff 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-
runcff 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 deleted from the validation watersheds.

WATER RESOURCES BULLETIN




Wilson and Brown

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 8 226 C
Klingerstown, PA W16006 9 897 C
Iowa City, IA W21001 6 781 C
McCredie, MO ) w25001 18 62 C
Caoshocton, OH W26027 4 12 v
Coshocton, OH W26030 10 123 C
Coshocton, OH W26088 2 372 C
Coshocton, OH W26036 b 1864 C
Fennimore, W1 W31003 6 21 v
Fennimore, WI W31004 b 69 C
Riesel, TX W42002 8 234 C
Hastings, NE ‘W44001 5 195 C
Monticelle, IL W61001 7 18 C
Oxford, MS W82001 7 809 A
Oxford, MS We2007 8 207 C
Reynolds, ID W68003 & 3178 c
Chickasha, OK W69009 16 228 C
Chickasha, OK W69028 3 666 v
Chickasha, OK W68032 10 18 C
Chickasha, OK W69042 10 10 C
Treynor, IA ' W71001 11 20 C
Tifton, GA W74004 9 1693 v
Tifton, GA W74009 4 2631 cC
Ahoskie, NC W75003 3 968 C
Ahoskie, NC W750604 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 Perimeter

Time of Concentration Main Channel Length
Maximum Basin Length Maximum Basin Width
Maximum Elevation Difference . Overland Siope
Channel Slope Stream Order

Average Bifurcation Ratio Relative Relief

Relief Ratio Ruggedness Number
Elengation Ratio Circularity Ratio

The geomorphic parameters for each of the water-
sheds analyzed were taken from maps supplied by the
U.8. Department of Agriculture, 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
808 curve number method (8CS, 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

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

A K, value was estimated from observed rainfall and
runoff data for the calibration watersheds and storms.
Procedures for determining the optimal X, 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 X,
value differed dramatically from other values for the
same watershed with no 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.

Linesr 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 of X,. To produce a predictive relationship

TABLE 8. Rainfall Parameters.

Cumulative Rainfall Depth

Duration of Rainfall

Peak Rainfall Intensity

Duration of Peak Rainfall Intensity
Rainfall Standard Deviation

Rainfall Skew Coefficient

Dimensionless Bainfall Duration
Normalized Rainfall Spread
Dimensionless Peak Rainfall Intensity
Dimensionless Average Rainfall Intensity

Cumulative Rainfail Excess Depth
Duration of Rainfall Excess

Peak Excesy Intensity

Duration of Peak Excess Intensity
Excess Rainfall Standard Deviation
Excess Rainfall Skew Coefficient
Normalized Abstraction Depth
Normalized Peak Rainfall Intensity
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" with greater sensitivity for small K,, the regression
equations were obtained using the transformation

.variable Ny defined as

M= (10)

1
K
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, a K, value
wag 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 TUH 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-
gponds 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 X,.

Typical predicted and observed runoff hydrographs
are shown in Figure 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.
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Figure 3. Typical Fit of Observed Hydrographs Using
Optimization Procedures.

Relationship Using Geomorphic Parameters

A predictive relationship for K, was first attempted
using only 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. A representative value
was taken as an estimate of the median.

The following generalized equation was selected

= 0.2 + exp(u) (1L

where 7. is the predicted average value of . for a
particular watershed, # is a function of geomorphic
parameters determined from regression analysis,
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Figure 4. Observed and Predicted Peak Flow Rates Using Optimization Procedures.

Equation (11) has arobust form where the corresponding
value of K, varies between zero and five,
The function z in Equation (11) was initially evalu-
ted using the nonlinear regression techniques avail-
able in SYSTAT (Wilkinson, 1987). Numerous 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 1n(r, ~ 0.2)
which allowed standard statistical inferences. Using
this approach, u was determined as

L -0.1 RF)12
U=~d.2 +5.6AT +1.7W

(12)
where Ay 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 at the 10 percent level. In addition,
e predictive relationship appears rational. Predicted
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K, increases with watershed area and decreases with
watershed slope, trends supported by other studies
(Dooge, 1978). 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

Calibrated K, 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 8. This analysis was con-
ducted by examining the 142 normalized residuals de-
fined as

i
7=

i+

(18)

where 1 is the normalized residual, 7, is the calibrated

value for a particular storm and 7. is the observed
median value for a given watershed.

Trends in 1" 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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i‘:-iL (14)

. where i, is the normalized peak rainfall intensity (di-

mensionless), ip is the observed peak intensity from
breakpoint data, P is the total rainfall depth and D is
the storm duration. About one-third of the watersheds
showed a trend of 1 with ip; two-third showed no
apparent trend. The following raticnal relationship was
selected to represent the trend

e i;-g.sJ
7' ={1-exp (~(m. 0.2)))[ 5F (15)

where the first term increases the importance of ip

with 7. The constant of 9.5 is the average value of iy

for all storms. The above form predicts that K, de:
creases with an increase in the normalized peak rain-
fall intensity.

Using Equation (15) with Equation (13) and using

H. =1}., the predictive relationship for 7, can be ob-
tained as

i’-9.5

n.=5.+5.=(1-exp(-(r}'..-o.z))){ 5% ] (16)

where the value of 7.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 5. 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 and/or (3) natural variability in hydrologic
response of the watershed such as spatially varied rain-
fall depths within the watershed. Storm movement
over the watershed was not considered in any of the
storm parameters.
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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 X, greater than this
value and half less.

Random variables are represented by probability
densify functions. Normal, log-normal, extreme value
type I and log-Pearson type III distributions were fitted
to the 142 observed K, values. The extreme value type I
and log-Pearson type III 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-
tained using standard plotting position metheds (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 III parameters are defined
from the mean of the log-transformed data of —0.54,
variance of 2.9 and the skew coefficient of ~0.81.
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VALIDATION OF UNIT HYDROGRAFPH
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
mogt accurate of four techniques they considered in
predicting peak flows for 270 rainfall-runoff events on
38 watersheds. Its shape was estimated using 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 X,. 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

0.1
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relationship proposed by Brown and Wilson (1989) was
also evaluated. Brown and Wilson suggest the follow-
ing relationship for X,

K, = 5 1-exp(-exp (-2165:))+0.092 M[OAEF[D]}

forK,> 0.1 (17a)
and
K, =01 forK, <01 (17b)

where S, is the channel slope, D is storm duration and
£, 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 0.6¢, plus one-half
the convolution time step.

(2) Convolution time step: To use the IUH directly,
this time step should be selected small compared to the
time of concentration (O’Kelly, 1966). The convolution
time step was selected as 0.05¢,. The SCS method was
evaluated using their recommended time step of 0.133¢,
(8CS, 1972). The SCS method was also tried with a
time step of 0.05¢,. Differences in predicted values be-
tween the two time steps were relatively small.

(3) Rainfsll 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., 1984).

(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

| Xo—Xp|

o

%error=100 {18)
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where X, and X, are the observed and predicted statis-
tie, 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
of the integration

si=| :1 ¢—t? QUdt (19)

where Q(¢) is volumetric flow rate and £, 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 X,, 39
percent using geomorphic parameters (Equation 11)}
44 percent using geomorphic and storm parameters

W (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 26 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 S8CS 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
Pigure 7. A plot of typical predicted and observed
hydrographs are shown in Figure 8. The CONSTANT
and GEQ methods again appear to be superior to the
SCS method. The GEQ 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 not require storm parameters
and is therefore simpler to use.

Although the GEQO method represents an
improvement over the SCS method, the uncertainty in
accurately predicting K, is still considerable. Probably
the best approach is treat to X, as a random variable
defined by the extreme value type I distribution or
possibly the log-Pearson type III distribution if the
prediction of nonzero values becomes problemsome.
Uncertainty in K, can then be incorporated into the

TABLE 4. Percent Error Statisies.

Cumulative Percentile
Average 25 50 5 Max
Statistic Method (percent) {percent}) {percent) (percent) (percent)
PEAK SC8 108 25 88 161 208
FLOW CONSTANT 70 28 &6 101 188
GEQ 39 13 27 52 233
STORM 44 11 34 59 271
Brown-Wilson 34 9 340 b2 117
TIME SCs 56 36 59 80 88
SPREAD CONSTANT 45 22 45 66 81
GEO 48 18 37 62 238
STORM 53 11 36 52 317
Brown-Wilson 40 21 34 56 131
WATER RESOURCES BULLETIN 406
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prediction process using Monte Carlo or other statistical 25
techniques (Haan, 1977). The resulting hydrograph (a) Watershed W26027 Storm 2
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" . @0 Constant ~—>
. "'g 15| «<— SCS method
2
& 1.0t . .
L 1E2 = / GEQ method
E " (a) SCS method A T 05} " ~Observed
] = | ]
% i “ ‘ 0 0 —nn L > - L] =
T 1E1; Apga 4 150 152 154 156 158  16.0
o c Time - hr
s | AL,
- 1EOE A f
g - 2.0
} = 1 Ll i Lemd bl )ik )
a 1E-11E ] 1EO 1E1 E2 16l {b) Watershed W31003 Storm &
Observed Peak Flow - m*/s 2 Gonstant —>/ [ €= 8CS method
& 1.2f
2 1E2¢ o
£ E  (b) Constant method &c 08T Observed
1 L n z
2 I - & 04f /
™ 1E1E Al I. - L GEO method
x i n 0.0 ' : : =
. S - -y ! 90 94 98 102 108 110
A -l w Time - hr
o 1EO: u ’
@ E
5
©
g 1E-1 L it ey il L iie Figure 8, Typical Predicted and Observed Hydrographs.
1E-1 1E0 1E1 1E2
Observed Peak Flow - m’/s
® SUMMARY AND CONCLUSIONS
o TE2¢
? E (¢) GEO method A unit hydrograph method was developed for pre-
= - . dicting runoff hydrographs from ungaged watersheds.
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i 1ET1¢E cepts (1943). A key component in this theory is the
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&: [ & e *e dures to estimate K, were proposed using calibrated
— i PP values from 142 rainfall-runoff events. Equations were
o 1E0 . * developed using only geomorphic parameters and us-
o . ing a combination of stormn and geomorphic param-
's i eters, Both approaches resulted in substantial
E 1E-1 T T T T uncertainty in the estimation of K,. Information was
1E-1 1E0 1E1 1E2 presented to represent K, as a random variable.

Observed Peak Flow - m'/s

Figure 7. Predicted and Observed Peak Flow Rates,
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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

WATER RESOURCES BULLETIN
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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 hydrograph than the SCS method. The method

that estimated K, using only geomorphic parameters
was recommended, With this method, approximately
one-half of the test storms 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 SC8 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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¢. 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 infiliration. Detention storage increases appar-
ent infiltration by delaying swrface 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 two
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 fotal 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 .
for a particular rainfall event.

¢ 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 {1973) using equations
developed by Horton (1919). They found that for a storm
depth of 1.0 in., the interception ranged from 3 to 16 per-
cent for small grain crops such as wheat and milo. This

6-6

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. Linden (1979) used random rough-
ness and land surface slope in microrelief models to
predict depression storage due to tillage (note random
roughness ig 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 capabilitics 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. Inferception 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 patural 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 information.
6-5. Infiltration Methods
a. Green and Ampt. The Green and Ampt method is
explained and illustrated in detai] below.

(1) Method development. The Green and Ampt
(GA) method (Mein and Larson 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 logses
and variabie rainfall rates (time varying surface moisture

LOE 199 ke J)
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. Table 6-1

Surface Losses

interception Losses
Agricultural Areas

Crop

Height Interception
ft. in.

6 0,03

4 0.33

4 0.07

Small grains . ....... ...

3 0.16

Meadow grass ... ... ... e s

1 0.08

Alfalfa ... e e e e

1 .11

(from Linsley, Kohier, and Paulhus 1975)

Forest Areas (from Viessman et al. 1977)
10-20% total rainfall, maximum 0.5 in.

Detention Storage (from Horton 1935)

Agricultural Areas
{Depending on fime sense tillage)

0.5-15in.

Forests/Grasslands

0.5-15in.

0 Total Surface Loss
3 Urban Areas

Open Areas

0.1-0.5in.

Impervious Areas

0.1-0.2 in.

conditions). The surface loss is modeled for an initial
loss as follows:

WO =0  for PYST 120 (6-1}
My =r(@ Jfor PO>I 120 (6-2)
where
P(f)y = cumulative precipitation over the
watershed
r(t) = rainfall intensity adjusted for surface losses
¢ = time sincc the start of rainfall

r(?) and {, depth of surface loss assumed to be uni-

form over the watershed

The cumulative infiltration loss is calculated by the GA
method:

Ay KS
[=__ f_isk (63)

K - 1] @) - K]

where
difd=i(t) = infiltration rate
K = s0il’s hydraulic conductivity
S, = product of the wetting front suction, A, and
the s0il volumetric deficit at the beginning of

the storm

A8 and / = cumulative infiltration

C’df/qﬁfﬁ’eﬁrm //)




Flood Control District

of Maricopa County

INTEROFFICE MEMORANDUM

Date: Novembet 2, 2004

To: Valerie Swick, Project Manager
Planning & Project Management Division

From:  Julie Cox, Hydrologist
: Engineering Division

Subject: Entellus Agricultural Analysis

Introduction

The cutrent FCDMC's rainfall-runoff modeling approach may over-estimate flow rates for
agticultural lands. The pilot study for agticultural fields in Buckeye areas attempts to study the
rainfall-runoff modeling process fot 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 obsetved data to calibrate the HEC-1 models. However, due to the lack of
observed rainfall data, the calibration process is not recommended since the S-graph unit
hydrograph approach (U catds) should not be used in the proposed approach where the irrigation
ditch water is treated as the rainfall. After FCDMC's own literature search, it is concluded that the.
current FCDMC rainfall-runoff modeling approach for agricultural fields should be used except that
the Kn values (Mannmg s roughness for drainage areas) should be increased. The data coﬂected in
the pilot study can be used to estimate Kn values.

Literature Search
_ FCDMC did 2 literature search and found that higher roughness coefficients should be used for

agticultural fields. Based on Socil Conservation Service (]une 1986), the ManMg s n values are as
- follows:

Table 3-1 Roughness coefficients (Manning’s n) for sheet flow
Smooth surfaces (concrete, asphalt,

gravel, or bate soil) oo, 0.011
Fallow (n0 1esidue) v.icniininvnssssnssennisssnseennns 0.05
Cultivated soils:

Residue cover 20%0 cuuimmmriinrmennsrieressnsanns 0.06
Residue cover Z20%0 covvnircvirnninreesveerecaenne 0.17

Grass:




_ Short grass Praifie ...ccvrieniienesiiene 0.15
. Dense grasses 2/ ..o 0.24

Bermudagrass . i 0.41
Range (natural) ... (013 .
Woods:3/
Light underbrush ....cccoovevvrnvsreccensnnrcnnrernnns 0,40
Dense undetbrush .....c.ccouue.... ST 0.80
1 The n values are a composite of information compiled by Engman
(1986).

2 Includes species such as Weeplng lovegrass, bluegrass, buffalo
grass, blue grama grass, and native grass mixtures.

3 When selecting n , consider cover to a height 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 ovetland
flows are as follows:

Resistance Factor for Overland Fiow

Asphalt/Concrete* 0.05 - 0.15 a
Bare Packed Soil Free of Stone 0.10 ¢
.; Fallow - No Residue 0.008 - 0.012b
- 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 Residue 0,10 - 0.16 b
Fall Disking - With Residue 0.30 - 0.50 b
- No Till - No Residue 0.04 - 0.10 b
j No Till (20-40 percent residue cover) 0.07 - 0.17 b
; No Till (60-100 percent residue cover) 0.17 - 0.47 b
o Sparse Rangeland with Debtis:
0 Percent Cover 0.09 - 0.34 b
20 Percent Cover 0.05-0.25 b
Spatse Vegetation 0.053 - 0.13 f
Short Grass Prairie 0.10 - 0.20 £
Poor Grass Cover On Moderately Rough 0.30 ¢
Bare Surface '
: _ ~ Light Turf 0.20 a
3 Average Grass Cover 0.4 ¢
: Dense Turf 0.17 - 0.80 a,c.e,f
Dense Grass 0.17 -0.30 d
Bertmuda Grass 0.30-0.48 d
‘Dense Shrubbety and Forest Litter 0.4 a
Legend: a) Harley (1975), b) Engman (1986), ¢) Hathaway (1945), d) Palmer (1946),¢) Ragan and

o =
(1972), f) Woolhiser (1975). (See Hjemfelt, 1986)
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*Asphalt/Concrete i value for open channel flow 0.01 - 0.016

Based on McLaughlin Kmetty Engineers and George Sabol Consulting Engineers (May, 1992), the
lag time for agricultural/grass watersheds would be about 3 times 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 petiod between the time when the irrigation
ditches are opened at the upstream 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=0.6*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 Engineers and George Sabol Consulting Engineers (May, 1992) also
recommended the use of Muskingum-Cunge method for channel routing (Appendix BB in theit

tepott).

- 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 time of concentration. The current District's lag
time equation should be used when estitnating Kn values. This task should not take more than 1
hour. The averaged Kn value may be used for the Buckeye ADMS HEC-1 S-graph agricultural unit
hydrograph modeling. Muskingurn-Cunge method should be used for channel routing.

- 2, The consultant needs to finalize the pilot study report by organizing the collected data and
estimating the Kn values. _

References
Chow, V.T., Maidment, D., Mays, L. (1988). "Applied Hydrology," McGraw-Fil.

Soil Conservation Setvice (June, 1986). "Utrban Hycirology for Smaﬂ Watershed,”, Technical Release
55.

Hydrologic Engineering Center (September, 1990). "HEC-1 Flood Hydrograph Package," User's
Manual.

McLaughlin Kmetty Engineers I.TD and George V. Sabol Consulting Engineers INC (May 1992).
"Buckeye Area Flood Delineation Study Hydrology Report," FCD Contract No. 90-69.

cc: Bing Zhao, Acting Manager, Hydrology & Hydraulics Branch, FCDMC
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FURROW IRRIGATION EVALUATION SUMMARY SHEET __ No. 00-34

Irrigation Goal: Replenish soil molstura in the root 20ne

FIELD NFORMATION:
Piant Date: 412000 Today's Date:  08/10/2000
Length(®): 1024 width(ft): 1143 Set With(h): 689
Fleld size{ac): 26.7% Set Area(sc): 13.34 Flaid 10 #: 3y
Grade{fy/1008): 043 Side Grade: 0.13 CopiD# 3
WATER SQURCE:
Supply Sourcs: R Safinity(ppm): - 1000
(estimate)
S0ILS NFORMATION: '
Primary Soll Series: Cookidge Toxture: Sandy Loam
Average AWHG for & 4 foot root 2009; 840  inches
Loaching Neods: 0.00 _ _Inches
Average Amount to Reflil Root Zone: 2.52 inches
. Total Amoint Needed: 2.52 inches
Other Soll Infos Lime and gravel at second foot.
BRIGATION INFORMATION:
Inigation systern;  Graded furrow Furrovws per sef; 4
Flow Rate; 284  Miner's Inches ' 254 Mins?’s liches (amount ordered)
- (moasuhod) __8.35 _Cuhic Feet per Second
2550 Galonsperibnute -
30 Galons per Minute per Furrow
Set Time, hours: 1200 _ Total Depth Applied . _.. 5.71 Inches  Runofi(initial): 38.3%

Amount Infityated: [Amount Applied - Amaount of Runoff; __ 383 liches  Rupoffaval): | 0.6%

Water Beneficically Used = Totsl Amount Needed + Assumed Reused Runoff
mmwnmoﬂ}staﬂmfermeasumdhmmm
savailable runolf essumes a 15% loss, due fo seepape and eveporation, from the infisl amount,
""AWHG Amaﬂabiaw?terﬂdmrgcapw
RESULTS:
Application Efficioncy(AE) = Total Amount Needed / Tolal Deptf Applied
AE= 44.1%

Ingation Effciency(IE): = Waler Benaficially Used / Total Depth Applied
IE= 44.1%

Was imigation goal achieved?

Z0 3ovd aDEN ATTIWA IATHONG @SE£/ -98€-£29 PApT $ABZ/PZ/BB




FURROW IRRIGATION EVALUATION SUMMARY SHEET __ No. 00-34

Advance Times: Min.: 59 min Max.: 1hr 43min Avg.! 1hr 2imin

QI 7] ittt s it 2o | itk s v o e,

Tergeted depth of water penetration: Aft Was this targeted depth met?.  Yes.

] aoMN ATTIVA IAIMONE : BGEL-98E-€Z9  p@bT PBOT/PT/68




FURROW IRRIGATION EVALUATION SUMMARY SHEET _ No. 99+15

Irrigation Goal: Replenish soil moisture in the root zone

\ FIELD INFORMATION:

Plant Date: 05/05/99 Today'’s Date:  06/15/99
Length(R): 2526 Width(m): 1516 Set Widih(f): 226
Field sizefac): 87.91 Set Area(ac): 13.41 Field [D #: Jr—————
Grade(f/1007): 0.50 Side Grade: 0.60 Crop ID #: 3
WATER SOURCE:
Supply Source: RID Imigation #: 2 Satinity(ppm):
(estimate)
SOILS INFORMATION:
Primary Soil Series;: Laveen Texture: Sandy L.oam
Average AWHC for a 4 foot root zone: THTE L3nches
Leaching Needs: 0.476 inches
Average Amount to Refill Root Zone: 1.76 inches
Total Amount Needed: 211 inches
Other Soil Info; ' :
IRRIGATION:- INFORMATION:
Imigation Inferval: :
Imigation system: _Graded furrow with tailwater recovery system Furrows perset: 43
Flow Rale: 264  Miner's Inches 220 Miner's Inches {amount ordered}
(measumd) ~ §.60 Cubic Feet per Second

( . 2962 Gallons per Minute

§9  Gallons per Minute per Furrow

——— s

Set Time, hours: 12.00 Total Depth Applied : 6.04 inches  Runoffinitial):  16.8%

Amount Infilfraled:  (Amount Applied - Amount of Runof): 5.03 inches Runofifavaii): 0.0%

Water Beneficically Used = Total Amount Needed + Assumed Reused Runoff
*initial runoff is tailwatar measured leaving the field.

*Available runoff asstimes a 15% loss, due to seepage and evaporation, from the iniial amount.
*AWHC - Available Waler Holding Capacity

RESULTS:

| Application Efficiency(AE) = Total Amount Needed / Total Depth Applied
AE= 29.2%

Irigation Efficiency(IE): = Water Beneficially Used / Total Depth Applied

IE= 29.2%

Was irrigation goal achieved?  Yes

{ac/) X {ZO/K- A gff.f_./ L 28512 e c{ ¢ b file
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FURROW IRRIGATION EVALUATION SUMMARY SHEET  No. 99-15

N

Targeted depth of water penetration: 4 ft Was this targeted depth met?: No




BORDER IRRIGATION EVALUATION SUMMARY SHEET No. 99-16
Irrigation Goal: To replenish soil moisture deficit.
FIELD INFORMATION:
Plant Date: 10/95 Today's Date: 06/15/99
Length(#): 1200 Width(R): 1514 Set Width(): 70 ]
Field size(ac): 41.1 Set Area(ac): 193 <& Field ID # =
Grade{ft/'1001: 0.34 Side Grade. 1.70 Crop iD# 1
WATER SOURCE:
Supply Source: RID. imgation #: 2 Salinity(ppm); 1100
{estimate)

SOILS INFORMATION:

Texture: Gravelly Loam

Primary Soil Senies: Perryville

Average AWHC for a 4 i Root Zone: %33 6.3 inches
Leaching Needs: 0.73 inches
Average Amount to Refilf Root Zone: 1.83 inches
Total Amount Needed: 2.57 inches

Other Soil Info: Soil was sandy with cobbles with a caliche layer at about the 2 to three foot level

IRRIGATION INFORMATION:

Imigation syster:  Graded border Borders per set: 2
Flow Rate: 330  Miner's Inches 300 Miner's Inches {amount ordered)
{measurad) 8,28  Cubic Feet per Second

3703 Gallons per Minute

1851 Gatllons per Minute per Border
Set Time, hours: 1.45  Total Depth Applied : 1§.20 inches Runoff{initial): 5,9%
Amount Infiltrated:  (Amount Appiied - Amount of Runofi). 5.84 inches  Runoff{avail): 0.0%

Watler Beneficially Used = Tofal Amount Needed + Assumed Reused Runoff
*“*Inilfal runcft is tailwaler measured leaving the field.

+*Available runoff assumes a 15% loss, dua lo seepage and evaporalion, from the initial amount,
*“AWHC - Available Waler Holding Capacily

RESULTS:

Application Efficiency(AE) = Total Amount Needed / Total Depth Applied

AE= 29.6%
Imigation Efficiency(IE): = Water Beneficially Used / Total Depth Applied
I[E= 29.6%

Was imigation goal achieved? |n theory, yes.




BORDER IRRIGATION EVALUATION SUMMARY SHEET No. 99-16

T

Infitrated into roct zone. ;| Deficit area in root zone.

[

Targeted depth of water penetration: 41t Was this targeted depth met?:  Yes,
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Buckeye Sunvalley Agricultural Study
4-2-4 Field Photo Summary

Picture Picture Direction
Group iD Facing Description
A 9 Southwest Crop shot
A 12 Northwest Crop shot
A 11 Northeast Crop shot
A 10 Southeast Crop shot
A 3 Waest V-Section header ditch w/ gated field inlets
A 2 South V-Section feeder ditch
A 1 North V-Section feeder ditch
B 13 Southwest Crop shot w/mounds
B 14 South Feeder ditch at drop
B 15 Northeast Crop shot
C 18 Southwest Crop shot
C 16 Northwest Crop shot
D 21 Northwest Header ditch/ Crop shot
D 19 South V-Section feeder ditch at drop crossing
D 22 North Ponding Location along Baseline and crop shot
D 25 Northwest Crop shot
D 23 East Tailwater pond
D 24 Fast Tailwater pond
D 20 Southwest Crop shot
E 4 North V-Section feeder ditch
F 6 Southeast Crop shot
F 5 East V-Section header ditch w/gated field inlets
F 8 East Tail berm w/ ponding water along Southern at PV Rd
F 7 Northeast Crop shot
G 27 East Crop shot
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1: Typical Distribution Ditch Lateral
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5: Header Ditch w/ Only Distribution Ditch Flowing
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6: Overflow Structure
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12: Roadway Runoff Ponding Along Edge of Border Trrigated

Field






)

15

X
i T S

15: Fully Gfdwn Corn (Furrow Crop)
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19: Distribution Ditch - Siphon Crossing Under Roadway
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23: Tailwater Pnd



24: Tailwater Pond
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27: Roadway Ponding Along Field Edge
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Drainage Design Manual for Maricopa County Hydrology: Rainfall Losses

. 441 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:

f=KS[1+3§] for f< i (4.1)
f=1 forf2 i
where:
f = infiltration rate (£/T),

= rainfall intensity (L/T),

~.
|

hydraulic conductivity, wetted zone, steady-state rate (L/T),

B
I

= average capillary suction in the wetted zone (L),

=  soil moisture deficit (dimensionless), equal to effective soil porosity
times the difference in final and initial volumetric soil saturations,
and

E T
1

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 fapproaches K, and therefore, fis
inversely related to time. Equation (4.1) is implicit with respect to fwhich causes computational
difficulties. Eggert (1976) simplified Equation (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:
2 l2
F =—0502F - K At)+ 0.5[(2F ~ K At) + 8K At(Ow + F)]/ (4.2)
where:
Af = the computation interval, and
F = accumulated depth of infiltration at the start of As.

The average filtration rate is:

AF
= 4.3
4 At @3)
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Drainage Design Manual for Maricopa County Hydrology: Rainfalf Losses

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 Figure 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. ltis 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 Eigure 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 Equation (4.1);
+ wetting front capillary suction (PSIF) equal to  in Egquation (4.1); and

»  volumetric soil moisture deficit at the start of rainfall (DTHETA) equal to ¢ in Equation
(4.1).

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 PSIF for each of the soil texture
classes are shown in columns (2) and (3) of Table 4.1. A bestfit plot of columns (2), (3), (4) and
(5) is shown on Figure 4.3. Figure 4.3 should be used for selection of values of PSIF and
DTHETA based on XKSAT. The values of XKSAT and PSIF from Table 4.1 or Figure 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 inches/hour, 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
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Drainage Design Manual for Maricopa County Hydrology: Rainfall Losses

may not be correct. Incorrect resuits 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 ioamy 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 inches/hour inches Dry Normal Saturated

(1) (@) () (4) (5) (6)
loamy sand & sand 1.20 2.4 0.35 0.30 0
sandy loam .40 4.3 0.35 0.25 0
loam 0.25 3.5 0.35 0.25 0
silty loam 0.15 6.6 0.40 0.25 0
silt 0.10 7.5 0.35 0.15 0
sandy clay loam : 0.06 8.6 0.25 0.15 0
clay loam 0.04 8.2 0.25 0.15 0
silty clay loam 0.04 10.8 0.30 0.15 0
sandy clay 0.02 9.4 0.20 0.10 0
silty clay 0.02 11.5 0.20 0.10 0
clay 0.01 12.4 0.15 0.05 0

Notes:
1. Selection of DTHETA

Dry = Nonirrigated lands, such as desert and rangeland;
Normal = Irrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.
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FIGURE 4.3

ComPOSITE VALUES OF PSIF AND DTHETA AsS A FUNCTION OF XKSAT
(TO BE USED FOR AREA-WEIGHTED AVERAGING OF GREEN AND AMPT PARAMETERS)
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The soil moisture deficit (DTHETA) is a volumetric measure of the soil moisture storage capacity
that is 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 iand. 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.
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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 PSIF 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
unigue 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 Equation (4.4):

T4,logXKSA4 T,)

XKSAT = alog( (4.4)
AT
where:
XKSAT = composite subarea hydraulic conductivity, inches/hour
XKSAT; = hydraulic conductivity of a map unit, inches/hour
(from Appendix C)
4; = size of subarea
Ay = size of the watershed or modeling subbasin

After XKSAT is calculated, the values of PSIF and DTHETA (normal or dry) are selected from
Figure 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 vaiues of XKSAT that are presented for
bare ground as a function of soil texture alone should be adjusted under certain soil cover condi-
tions.
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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 infiliration 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 reiatively 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 Figure 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 foamy 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 js available (Rawls and Brakensiek, 1983). Although this information is avail-
able, it is not presented in this manuai, nor is it recommended that these adjustments be made fto
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 tiliage 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.
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FIGURE 4.4
EFFECT OF VEGETATION COVER ON HYDRAULIC CONDUCTIVITY
FOR HYDRAULIC SOIL GRoOUPS B, C, AND D, AND FOR ALL SOIL TEXTURES

OTHER THAN SAND AND LOAMY SAND
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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.
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{A, RTIMP, AND VEGETATIVE COVER DENSITY FOR REPRESENTATIVE LAND USES

Table 4.2

iN MARICOPA COUNTY

Vegetation
Land Use! 1A2 | RTIMP%® | Cover®*
Code Land Use Category Description inches % %
VLDR Very Low Density Residential® 40,000 sq. feet and greater lot size 0.30 5 30
LDR Low Density Residential® 12,000 — 40,000 sq. feet lot size 0.30 15 a0
MDR Mediurmn Density Residential® 6,000 - 12,000 sq. feet lot size 0.25 30 50
MFR Multiple Family Residential® 1,000 -- 6,000 sq. feet lot size (# du/ac) 0.25 45 50
M industriat 13 Light and General 0.15 55 60
12 industrial 23 General and Heavy 0.15 55 60
C1 Commercial 1° Light, Neighborhood, Residential 0.10 80 75
c2 Commercial 2° Central, General, Office, Intermediate 0.10 80 75
P Pavement and Rooftops Asphalt and Concrete, Sloped Rooftops 0.05 95
GR Gravel Roadways & Shoulders Graded and Compacted, Treated and Unfreated 0.10 5 o
AG Agricultural Tilled Fields, Irrigated Pastures, slopes < 1% 0.50 0 85
LPC Lawns/Parks/Cemeteries Over 80% maintained lawn 0.20 Varies® 80
DL Desert Landscaping 1 Landscaping with impervious under treatment 0.10 95 30
DL2 Desert Landscaping 2 Landscaping without impervious under treatment 0.20 0 30
NDR Undeveloped Desert Rangeland Little topographic relief, slopes < 5% 0.35 Varies® Varies®
NHS Hillslopes, Sonoran Desert Moderate topographic relief, slopes > 5% 0.15 Varies® Varies®
NMT Mountain Terrain High topographic refief, slopes > 10% 0.25 Varies® Varies®
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 engineerfhydrologist 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 hydrauhcally 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 basls.
6. Vegetation Cover values must be estimated on a case by case basis.
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Entellus Inc. BY JCS DATE 11/1/2004
CLIENT: Flood Controi District of Maricopa County CHECK DATE
JOB: Buckeye Sun Valley Agricultural Pilot Study JOB # 118.001%
SHEET QF
Route Geometry for System Modei
Route data development for souting through fields
Runoff Routing Through Fields
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Entelfus inc. BY GA DATE 10/1/2004

CLIENT: Fiood Control District of Maricopa County CHECK ./ DATE _ (//1/¢
JOB: Buckeye Sun Valley Agricuftural Pilot Study JOB# 118,001 n
SHEET OF

Development of Precipitation Distributions Hydrology Models
Precipitation Distribution for Furrow Irrigated Field and 6-Hour Storm
Note: For combined B-hour storm and 12-hour furrow irrigation event, antecendant moisture condition should be set to "Wet."

Percent Percent ot

of Total Total
Time Rainfall | Rainfall | Irrigation | Precipitation | Precipitation
(hrs}) Depth |Depth (in){Depth (in})| Depth (in) Depth
0:00 0% 0.0 0.1 0.1 2%
0:15 1% 0.0 0.3 0.3 4%
0:30 2% 0.1 0.4 0.4 7%
0:45 3% 0.1 0.5 0.6 9%
1:00 3% 0.1 0.6 0.7 11%
1:15 4% 0.1 0.8 0.9 14%
1:30 5% 0.2 0.9 1.4 16%
1:45 6% 0.2 1.0 1.2 18%
2:00 7% 0.2 1.1 1.4 21%
2:15 7% 0.3 1.3 1.5 23%
2:30 9% 0.3 1.4 1.7 26%
2:45 10% 0.3 1.5 1.9 28%
3:00 12% 0.4 1.8 2.0 31%
3:15 14% 0.5 1.8 2.2 34%
3:30 22% 0.7 1.9 2.6 40%
3:45 38% 1.3 20 3.3 50%
4:00 83% 2.8 2.1 5.0 76%
4:15 91% 3.1 2.3 54 82%
4:30 93% 32 24 56 85%
4:45 95% 3.2 25 538 88%
5:00 96% 33 2.6 5.9 90%
5:15 97% 33 2.8 6.1 93%
5:30 98% 3.3 2.9 6.2 95%
5:45 99% 34 3.0 6.4 98%
6:00 100% 34 3.1 6.6 100%




Entellus Inc. BY GA DATE 10/1/2004
CLIENT: Flood Control District of Maricopa County CHECK DATE /1 /¢/¢
JOB: Buckeye Sun Valley Agricuttural Pilot Study JOB# 118.001 o
SHEET OF
Development of Precipitation Distributions Hydrology Models
Precipitation Distribution for Border Irrigated Field and 6-Hour Storm
Percent Percent of
of Total Total

Time Rainfall | Rainfall | Irrigation| Precipitation | Precipitation

(hrs) Depth |Depth {in){ Depth (in})] Depth (in) Depth

0:00 0% 0.0 0.0 0.0 0%

0:15 1% 0.0 0.0 0.0 0%

0:30 2% 0.1 0.0 0.1 1%

0:45 3% 0.1 0.0 0.1 1%

1:00 3% 0.1 0.0 0.1 1%

1:15 4% 0.1 0.0 0.1 1%

1:30 5% 0.2 0.0 0.2 2%

1:45 6% 0.2 0.0 0.2 2%

2:00 7% 0.2 0.0 0.2 2%

2:15 7% 0.3 0.0 0.3 3%

2:30 9% 0.3 0.0 0.3 3%

2:45 10% 0.3 0.0 0.3 4%

3:.00 12% 0.4 0.0 04 4%

3:15 14% 0.5 1.0 1.5 16%

3:30 22% 0.7 2.1 2.8 29%

3:45 38% 1.3 3.1 4.4 46%

4:00 83% 2.8 4.1 7.0 73%

4:15 91% 3.1 5.2 8.3 86%

4:30 93% 3.2 6.2 9.4 98%

4:45 95% 3.2 6.2 9.4 98%

5:00 96% 3.3 6.2 9.5 99%

5156 97% 3.3 6.2 9.5 99%

5:30 98% 3.3 6.2 9.5 98%

5:45 99% 3.4 6.2 9.6 100%

6:00 100% 3.4 6.2 9.6 100%




Precipitation Depth, in inches

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
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C.1. Routes;

C2 _I’recipitati(:)n Data

C.3.: 'S'-Graphs and Unit Hydrographs
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Entellus inc. BY JCS DATE

CLIENT: Flood Control District of Maricopa County CHECK HAA DATE

JOB: Buckeye Sun Valiey Agricuitural Pilot Study JOB# 118.001
SHEET OF

Unit Hydrograph Development Using District §-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

These unit hydrographs are

Basin Name 00-34
asin Area [mi® . .
e o) v irrelevant because the
Time Step {min] 5
Timo iep [ o623 model was used for
ult 3 a [
S-Graph Type it |CalIDrating the runoff volume

only.

Ul AND COMMENT CARDS

* Agricultural S-Graph for Basin 00-34

% Bagin Area [mi2] = {.021
* Basin Lag [hr] = 0.81
* Time Step [min] = 5
* Qult = 163
*
UI 0 2 2 3 7 9 10 13 13 13
Ul 13 11 12 8 9 6 5 5 4 3
UL 2 2 2 1 1 1 i 1 0 0
UL o 0 0 0 1} (] 0 0 1} 0
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Qvs. Time
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. Entellus Inc.
CLIENT: Ficod Contrel District of Maricopa County
JOB: Buckeye Sun Valley Agricultural Pilot Study

Unit Hydrograph Development Using District S-Graphs

Unit-Hydrographs for Calibration Models

BY JCS

CHECK

JOB #

118.001

SHEET

MODEL: sels.ixt (Observed Sels Modei)

SUBBASIN: 00-34

DESCRIPTION: Calibration of Initial Abstraction to Reproduce Observed Runoff Volume

% Lag
Time {hrs) Time (min) To Qi Q Agricutiural
0.000 0.00 0 [1] 0.00
0.170 10.21 2 3 21.00
0.251 15.07 4 7 31.00
0.300 17.98 [F] 10 37.00
0.332 19.93 8 13 41.00
0.365 21.87 10 16 45,00
0.389 23.33 12 20 48.00
0.421 25.27 14 23 52.00
0.454 27.22 16 26 56.00
0.478 28.67 18 29 59.00
0.502 30.13 20 33 62.00
0.518 31.10 22 36 64.00
0.547 32.81 24 39 67.50
0.567 34.02 26 42 70.00
0.587 35.24 28 46 72.50
0.608 36.45 30 49 75.00
0.628 37.67 32 52 77.50
0.648 38.88 34 55 80.00
. 0.668 40.10 36 59 82.50
0.689 41.31 38 62 85.00
0.708 42.53 40 65 87.50
0.729 43.74 42 68 90.00
0.749 44.96 44 72 92.50
0.770 46.17 46 75 95.00
0.790 47.39 48 78 97.50
0.810 48.60 50 81 100.00
0.834 50.06 52 85 103.00
0.859 51.52 54 88 106.00
0.883 52.97 56 91 109.00
0.907 54.43 58 94 112.00
0.932 55.89 60 98 115.00
0,952 57.11 62 101 117.50
0.976 58.56 64 104 120.50
0.996 59.78 86 107 123.00
1.029 61.72 68 111 127.00
1.061 63.67 70 114 131.00
1.094 65.61 72 117 135.00
1.123 67.36 74 120 138.60
1.150 69.01 76 124 142.00
1.191 71.44 78 127 147.00
1.235 74.12 80 130 152.50
1.280 76.79 82 133 158.00
1.337 80.19 84 137 165.00
1.397 83.84 86 140 172.50
1.450 86.99 88 143 179.00
1.539 92.34 90 146 160.00
1.644 98.66 92 150 203.00
1.782 106.92 94 153 220.00
1.968 118.10 96 156 243.00
. 2.268 136.08 98 159 280.00
3.629 217.73 100 163 448.00




Entellus Inc. 8Y JCS DATE
. CLIENT: Flocd Control District of Maricopa County CHECK DATE
JOB: Buckeye Sun Valley Agricultural Pilot Study JOB# 118.001
SHEET OF

Unit Hydrograph Development Using District $-Graphs
Unit-Hydrographs for Calibration Models
MODEL: sets.txt (Observed Sets Model)
FIELD: G0-34 (Area Halved to Account For Furrows)
DESCRIPTION: Calibration of Initial Abstraction to Reproduce Cbserved Runoff Volume

-Graph Perameters These unit hydrographs are

Basin Name 00-34 .

Basin Area [mi’] 0.011 irrelevant because the

B'asm Lag Ihr! 0.81

Tim S S mo'del was used for

% o calibrating the runoff volume
-Graph Type Agricultural

only.

UI AND COMMENT CARDS

* Agricultural S-Graph for Basin 00-34
* Basin Area [mi2] = 0.011

* Bagin Lag [hr] = 0.81

* Time Step [min] = 5

* gult = 85
W
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Entelius Inc,

CLIENT: Flood Control District of Maricopa County
JOB: Buckeye Sun Valiey Agricultural Pilot Study

Unit Hydrograph Development Using District S-Graphs

Unit-Hydrographs for Calibration Models

BY JCS DATE
CHECK DATE
JOB# 118.001
SHEET OF

MODEL: sets.ixi (Observed Seis Model)

SUBBASIN: 00-34 (Area Halved to Account For Furrows)
DESCRIPTION: Calibration of Initial Abstraction to Reproduce Observed Runoff Volume

% Lag
Time {hrs) Time (min)] 7o Gl Q Agricultural

0.000 0.00 0 0 0.00
0,170 10.21 2 2 21.00
0.251 15.07 4 3 31.00
(.300 17.98 6 5 37.00
0,332 19.93 8 7 41,00
0.365 21.87 10 9 45.00
0.389 23.33 12 10 48.00
0.421 25.27 14 12 52.00
0.454 27.22 16 14 56.00
0.478 28.67 18 15 59.00
0.502 30.13 20 17 62.00
0.518 31.10 22 19 64.00
0.547 32.81 24 20 67.50
0.567 34.02 26 22 70.00
0.587 35.24 28 24 72.50
0.608 36.45 30 26 75.00
0.628 37.67 32 27 77.50
0.648 38.88 34 29 80.00
0.668 40.10 36 31 82.50
0.689 41.31 38 32 85.00
0.709 42.53 40 34 87.50
0.729 43.74 42 36 90.00
0.749 44.96 44 37 92.50
0.770 46.17 46 39 95.00
0.790 47.39 48 41 97.50
0.810 48.60 50 43 100.00
0.834 50.06 52 44 103.00
0.859 51.52 54 46 106.00
0.883 52.97 56 48 109.00
0.907 54.43 58 49 112.00
0.932 55.89 80 51 115.00
0.952 57.11 62 53 117.50
0.976 58.56 64 55 120.50
0.906 59.78 66 56 123.00
1.029 61.72 68 58 127.00
1.061 6367 70 60 131.00
1.094 65.61 72 61 135.00
1,123 67.36 74 63 138.60
1,150 69.01 76 65 142.00
1.191 71.44 78 66 147.00
1.235 7412 80 68 152.50
1.280 76.79 82 70 158.00
1.337 80.19 84 72 165.00
1.397 83.84 86 73 172.50
1.460 86.99 88 75 179.00
1.538 . 92.34 90 77 190.00
1.644 98.66 92 78 203.00
1.782 106.92 94 80 220.00
1.968 118.10 96 82 243.00
2,268 136.08 98 83 280.00
3.629 217.73 100 85 448.00




Entellus Inc. BY JCS DATE

CLIENT: Fiood Control Bistrict of Maricopa County CHECK DATE

JOB: Buckeye Sun Valtey 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: 99-15
DESCRIPTION: Calibration of Initial Abstraction to Reproduce Observed Runoff Volume

S-Graph Parameters

These unit hydrographs are

Basin Name 99-15 .

Basin Area (mi] 0.02 irrelevant because the

Basin Lag [hr] 1.20

Time Step [min] 5 model was used for

Time Step [hr] 0.0833 . .

Qu 155 calibrating the runoff volume
S-Graph Type Agriculturai

only.

UI AND COMMENT CARDS
* Agricultural S-Graph for Basin 99-15
Basin Area [mi2] = 0.02

*

* Bagin Lag {hr] = 1.2
* Time Step {min] = §
* Qult = 155
*
uT 0 1 1 1 2 3 5 [ 5 7
UI 8 9 g 9 9 8 7 -4 7 5
UI & 5 4 4 3 3 3 2 2 2
ur 1 1 1 1 1 1 1 1 1 1
Lips 1 0 0 Qo ¢ 0 0 0 0 0
Ul 0 0 0 0 1] 0 0 0 0 0
Ul 0 0 0 o 0 0
Qvs. Time
14
*eee
12 4— * R
+*
10 . —-- ——
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%’ 8 o -— - e ——
2. M . N
. P
4 4 —_—— -
* *
21— . 2 4 g ————
‘oo be
] : T : T L o o o S o
0 0.5 1 1.5 2 2.5 3 3.5 4
Time [hrs]




Enteflus 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: 99-15
DESCRIPTION: Calibration of [nitial Abstraction to Reproduce Observed Runoff Volume

% Lag
Time (hrs) Time (min}] /o Qut Q Agricultural
0.000 0.00 0 0 0.00
0.252 15.12 2 3 21.00
0.372 22.32 4 6 31.00
0.444 26.64 6 9 37.00
0,492 29,52 8 12 41.00
0.540 32.40 10 15 45.00
0.576 34.56 12 19 48.00
0.624 37.44 14 22 52.00
0.672 40.32 16 25 56.00
0.708 42.48 18 28 59.00
0.744 44.64 20 31 62.00
0.768 46G.08 22 34 64.00
0.810 48.60 24 37 67.50
0.840 50.40 26 40 70.00
0.870 52.20 28 43 72.50
0.900 54.00 30 46 75.00
0.930 55.80 32 50 71.50
0.960 57.60 34 53 80.00
0.990 59.40 36 56 82.50
. 1.020 61.20 38 59 85.00
1.050 63.00 40 62 87.50
1.080 64.80 42 65 90.00
1.410 66.60 44 68 92.50
1.140 68.40 46 71 95.00
1.170 70.20 48 74 97.50
1.200 72.00 50 77 100.00
1.236 7416 52 81 103.00
1.272 76.32 54 B4 106.00
1.308 78.48 56 87 109.00
1.344 80.64 58 90 112.00
1.380 82.80 60 93 115.00
1.410 84.60 62 96 117.50
1.446 86.76 64 99 120.50
1.476 88.56 66 102 123.00
1.524 91.44 68 105 127.00
1.572 94.32 70 108 131.00
1.620 97.20 72 112 135.00
1.663 99.79 74 115 138.60
1.704 102.24 76 118 142.00
1.764 105.84 78 121 147.00
1.830 109.80 80 124 152.50
1.896 113.76 a2 127 158.00
1.980 118.80 84 130 165.00
2.070 124.20 86 133 172.50
2.148 128.88 88 136 179.00
2.280 136.80 90 139 190.00
2.436 146.16 92 142 203.00
2.640 158.40 94 146 220.00
2.918 174.96 96 149 243.00
3.360 201.60 98 152 280.00

. 5,376 322.56 100 155 448.00




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 QF

Unit Hydrograph Development Using District 3-Graphs
Unit-Hydrographs for Calibration Models

MODEL: sets.txt (Observed Sets Model)
FIELD: 93-16
DESCRIPTION: Calibration of Initial Abstraction to Reproduce Observed Runoff Volume

S-Graph Parameters

These unit hydrographs are

Basin Name 99-16
pasin froa i o2 irrelevant because the

Tima Step . o |model was used for

g&raph Type Agriliiurai Ca I i brati ng the rU nOff VOI U me

only.

UL AND COMMENT CARDS
* Agricultural S-Graph for Basin 99-16
* Bagsin Area [mi2] = 0.02

* Bagin Lag [hr] = 1.2
* Time Step [min] = 5
% Oult = 155
*
Ul 0 1 1 1 2 3 5 ] 5 7
UL 8 9 9 9 9 8 7 8 7 5
UI 6 5 4 4 3 3 3 2 2 2
ips 1 1 1 1 1 1 1 1 1 1
ur 1 0 [+] 4] 0 0 4} 0 ) 4]
uI 0 0 0 0 0 o 4] 0 ¢ Q
UL 0 0 0 1] 0 o
Qvs. Time
14
[ X 2 X J
12 2 4 —
L 2
= * .
g @ * -
'g *
2 s * - e —
*e
4 —— e
+* ¢
210 — -t .
L X X X 3 J
0 T T T T -0 00000004004
0 0.5 1 1.5 2 2.5 3 35 4
Time [hrs]




Entellus linc. BY JC8 DATE

. CLIENT: Flood Control District of Maricopa County CHECK DATE
JOB: Buckeye Sun Valley Agricuitural Pilot Study JOB# 118.001
SHEET OF

Unit Hydrograph Development Using District S-Graphs
Unit-Hydrographs for Calibration Models
MODEL: sets.txt (Observed Seis Madel)
SUBBASIN: 99-16
DESCRIPTION: Calibration of initial Abstraction to Reproduce Cbserved Runoff Volume

% Lag
Time (hrs) Time (miin)] 7o Qa Q Agricultural
0.000 0.00 0 0 0.00
0252 . 15.12 p) 3 21.00
0.372 22.32 4 5 31.00
0.444 26.64 5 9 37.00
0.492 20,52 8 12 41.00
0,540 3240 10 15 4500
0576 34.56 12 19 48.00
0.624 37.44 14 22 52.00
0.672 40.32 16 5 56.00
0.708 4348 18 28 59.00
0.744 44.64 20 31 62.00
0.768 46.08 22 34 54.00
0.810 48.60 24 37 §7.50
0.840 50.40 26 40 70.00
0.870 52.20 28 43 72.50
0.500 54.00 30 46 75.00
0.930 55.80 32 50 77.50
0.960 57.60 34 53 80.00
0.990 59.40 36 56 82.50
. 1.020 61.20 38 59 85.00
1,050 63.00 40 62 87.50
1,080 64.80 42 65 90.00
1110 6680 44 58 93.50
1.140 68.40 45 71 95.00
1.170 70.20 48 74 97.50
1,200 72.00 50 77 100.00
1236 7416 52 81 103.00
1,272 76.32 54 84 106.00
1,308 78.48 58 87 109.00
1,344 80.64 58 90 112.00
1380 82.80 60 93 {15.00
1410 84.60 62 96 11750
1.445 86.76 54 99 120.50
1.476 88.56 66 102 123.00
1.524 91.44 68 105 127.00
1572 94,32 70 108 131.00
1.620 97.20 72 112 135.00
1663 99.79 74 115 138.60
1,704 102.24 76 118 142.00
1.764 105.84 78 121 14700
1.830 109.80 80 124 152,50
1,896 113.76 82 127 158.00
1.980 118.80 84 130 165,00
2070 124.20 86 133 172.50
2148 128.88 88 136 179.00
2.280 136.80 90 139 190.00
2436 146.16 92 142 203.00
2.640 158.40 94 146 220.00
2.916 174.96 96 149 243.00
3.360 201.60 98 152 280.00

. 5.376 322.56 100 155 448.00




Entellus Inc. BY JCS DATE

. GLIENT: 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: system1.txt (System of Fields Modeled as Routed and Combined Subbasins)
SUBBASIN: System
DESCRIPTION: Generation of typical scenarios of grouped fields

% lag
Time (hrs) Time (min)| 7o Gt Q Agricultural
0.000 0.00 0 ) 0.00
0462 2772 2 19 21.00
0.682 30.92 3 39 31.00
0.814 38,84 8 58 37.00
0.902 54.12 3 77 41.00
0.990 59.40 10 97 45.00
7.056 53.36 12 116 48.00
7144 68.64 12 136 52.00
1.232 73.92 16" 155 56.00
198 77.88 18 174 59.00
1.364 8184 20 194 62.00
1408 5448 22 213 64.00
1.485 89.10 24 232 67.50
1540 92.40 26 255 70.00
7.505 95,70 28 271 7250
1.650 $9.00 30 290 75.00
1.708 102.30 32 310 7750
1.760 105.60 34 329 80.00
1.815 108.80 36 348 82.50
: . 1870 112.20 38 368 85.00
1.025 115,50 40 387 87.50
1.980 118.80 42 407 90.00
2.035 15210 44 426 92,50
2.090 12540 46 445 95.00
2.145 128,70 48 265 97.50
2.200 132.00 50 484 700.00
2.266 135.96 52 503 703.00
2.332 139.92 54 523 706.00
2.398 143.68 56 542 709.00
2.464 147,84 58 561 712.00
2530 151.80 50 581 15,00
2.585 155.10 2 600 117,50
2.651 159.06 64 620 120.50
2.706 162.36 66 639 123.00
2.794 16764 68 658 127.00
2.862 172.92 70 578 731.00
2.970 178.20 72 697 735.00
3.049 182.05 74 716 138.60
3.124 187.44 76 736 142.00
3.234 194.04 78 755 147.00
3.355 201.30 80 774 152 50
3476 708.56 82 794 758.00
3.630 217.80 7 813 765.00
3.795 227.70 8 332 T72.50
3.938 236.28 38 352 179.00
4180 250.80 90 871 190.00
4.466 267.96 92 891 203.00
4.840 290,40 94 910 220.00
5.346 320.76 % 929 543.00
5160 369.60 98 949 280.00

. 9.856 591.36 100 868 448.00




Entellus inc. BY JCS DATE

CLIENT: Flood Control District of Maricopa County CHECK DATE
JOB: Buckeye Sun Valley Agricuitural 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: System
DESCRIPTION: Calibration of Initial Abstraction and Lag Time to Reproduce Results from System 1 Model

S-Graph Parametars

Basin Name SYSTEM
Basin Area [mi] 1.25
Basin Lag (hr] 3.30
Time Step [min} 5
Time Step [hr] 0.0833
Qi 9680
S-Graph Type Agricultural

UI AND COMMENT CARDS

* Agricultural S-Graph for Basin SYSTEM

* Basin Area [mi2] = 1.25

* Basin Lag [hr] = 3.3

* Time Step [min] = 5

* Qult = 5680

* Unit Hydrograph was truncated to 150 ordinates (max number allowed by HEC-1)

Ul ] 23 23 23 213 23 23 23 23 41
‘ ul 49 49 49 72 81 56 122 122 130 163
Ur 123 122 122 156 163 139 176 155 186 196
Ul 196 196 156 196 196 196 196 1396 196 196
ur 183 163 163 163 163 163 178 180 172 174
uI 122 122 122 122 130 137 144 108 98 91
UI g9 83 89 8l 70 70 67 65 65 72
Ul 75 72 44 44 44 44 39 38 38 38
uI 38 32 29 29 29 29 29 29 22 21
UI 21 21 21 21 21 21 21 15 13 13
Ul 13 13 13 13 13 13 13 13 13 13
Ul 13 12 3 3 3 3 3 3 3 3
Ul 3 3 3 3 3 3 3 3 3 3
Ul 3 3 3 3 3 3 3 3 3 3
ur 3 3 3 3 3 3 3 3 3 3
G vs, Time
14
12 *oe
. * ¢
10 *
— *
ﬁ 8 +*+ * —— ]
g ol e -
- . ‘0
4 e i e
* *
2 4 E U SU U S N0 S R G
. [T X Y2
] . . . - RS SRR e
0 05 1 15 2 25 3 35 4 45
Time [hrs)




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: system2.txt {(System of Fields Modeled as Single Subbasin}
SUBBASIN: System
DESCRIPTION: Calibration of Initial Abstraction and Lag Time fo Reproduce Results from System 1 Model

% Lag
Time (hs) Time {min}] o Wun Q Agricultural
0.000 0.00 0 0 0.00
0.693 41,58 2 194 21.00
1.023 61.38 4 387 31.00
1.221 73.26 [ 581 37.00
1.353 81.18 8 774 41.00
1.485 89.10 10 968 45,00
1.584 95.04 12 1162 48.00
1.716 102.96 14 1355 52.00
1.848 110.88 16 1549 56.00
1.947 116.82 18 1742 59.00
2.046 122.76 20 1936 62.00
2112 126.72 22 2130 64.00
2.228 133.65 24 2323 67.50
2,310 138.60 26 2517 70.00
2.393 143.55 28 2710 72.50
2475 148.50 30 2904 75.00
2.558 16345 32 3008 77.50
2.640 158.40 34 329 80.00
_ 2,723 163.35 36 3485 82.50
. 2.805 168.30 38 3678 85.00
2.888 173.25 40 3872 87.50
2970 178.20 42 4066 90.00
3.053 183.15 44 4259 82.50
3.135 188.10 46 4453 95.00
3.218 193.05 48 4646 97.50
3.300 198.00 a0 4840 100.00
3.399 203.94 52 5034 103.00
3.498 209.88 54 5227 106.00
3.597 215.82 56 5421 109.00
3.696 221.78 58 5614 112.00
3.795 227.70 60 5808 115.00
3.878 232.65 62 6002 117.50
3.977 238.59 B4 65195 120.50
4.059 243.54 66 65389 123.00
4,191 251.46 638 6582 127.00
4.323 259.38 70 6776 131.00
4,455 267.30 72 6970 135.00
4.574 27443 74 7163 138.60
4,686 281.16 76 7357 142.00
4.851 291.06 78 7550 147.00
5.033 301.95 80 7744 152.50
5.214 312.84 82 7938 158.00
5.445 326.70 84 8131 165.00
5.693 341.55 86 8325 172.50
5.907 354 .42 38 8518 179.00
6.270 376.20 90 8712 190.00
6.699 401.94 92 3906 203.00
7.260 435.60 24 9099 220.00
8.019 481.14 96 9293 243.00
9.240 554.40 28 9486 280.00
14.784 887.04 100 9680 448.00




. ~APPENDIX D. _CALBRATION ITERATION SHEETS
D1 'Ob"sé'rvéjd- Sets Calibration
- D.2. System Models 1 and 2 Calibration

- D.3. - Lag time Calibratioh
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5 . . APPENDIX D. ' CALBRATION ITERATION SHEETS
D.1. Observéd $ets Calibraiioh
D.2." System Models 1:and 2 Calibration

D.3. Lag time Calibration
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o ~ APPENDIXE. HEC:1 MODELS

B Observed Sets Input/Output

E.2. System Models 1 and 2 Input/Output
'E3.  Pilot Study Area Model Input/ Output
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Observed Sets Model
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes
HEC-1 Input/Qutput

PR X R e e ] R A R R T T R L R R T LR R R R g g
* *

* FLOOD HYDROGRAPH BACKAGE (HEC-1) * * 1U.8. ARMY CORPS OF ENGINEERS *
* JUN 19¢%8 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 02N0V04 TIME 09:31:36 * * {916) 756-1104 *
* * * *
P T 22 SR A AR R R e e R R s L 2222 R T R T Ty T R R R R R g

X X RXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXEXX XXEX X XXXXXK X
X X X X X
X X X X X X
X X  KAXXXXX KXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73}, HECLGS, HEC1DB, AND HECLKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THGSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHBNGED WITH REVISIONS DATED 28 SEP 81. TEHIS IS THE FORTRAN77 VERSTON
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1 HEC-1 INPUT PAGE 1

=
I
=
=
H A
(v} [}
e
I
w
-
o
a
a
w
©
-
=

1 kA ks hk kA kR R K ANE Rk kA kAR A d Rk kA A AR A A kA A AR AR AN AR A A ARk d
2 ID Ah ke kA kR kAN KR AT Ak koA Ak Rk d bk kb hddh hhk e hhh A Ak Ak Ak ek kA ARk A NNk d
3 ID Project: Buckeye Sunvalley Agricultural Study
4 ID Client: Flood Control District of Maricopa County
5 ID Prepared By: Entellus Inc. Modelers: J.8. and H.A.
& ID Entellus 118.001
7 ID File Name: sets.txt Last Updated: 11/2/2004
8 ID Storm: Irrigation
9 ID Development Conditions: Existing Conditions at time of NRCD Observation
10 Ip :
11 ID Ak kkkk PRELIMINARY CALIBRATION MODEL Wk kok ok ok Rk kok ok ko
12 ID *kxxxxxr THIS MODEL IS PRELIMINARY AND IS SUBJECT TO CHANGE *¥*¥kwkkdkkwk
13 ID dhkkrkdhkkhhkxhhdknkkdkxx O AT, TBRATTI O N **dhddhhthbhddhbhdddbhdhbd
14 ID * Thig model wag created as part of the Buckeye Sun Valley Area *
15 ID * Drainage Master Study - Pilot Agricultural Study. The purpose of the *
16 ID * pilot study is to examine the District's methodology for modeling *
17 ID * gtorm runoff from agricultural areas and recommend any possible *
18 ID * improvements to the methodology. This HEC-1 model was created to *
19 ID * calibrate hydrolegic modeling parameters so that they accuratley *
20 ID * gimulate real life runoff conditions as cbserved in the field. *
21 ID * *
22 ID * THIS MODEL WAS USED TO CALIBRATE THE INITIAL ABSTRACTICN VARIAELE *
23 ID * BY ADJUSTING IT UNTIL THE OBSERVED RUNOFF VOLUME FROM THE FIELD SETS *
24 ID * WERE REPRODUCED. THE LAG TIME WAS NOT CALIBRATED WITH THIS MODEL *
25 ID * *
26 ID * Tt wag assumed that all fields were in a “normal" state of saturation*
27 ID * when the NRCD tests were conducted. All other Green and Ampt *
28 ID * parameters besides the initial abstraction were estimated using the *
29 ID * current District methodoleogy. The exact locations of the test fields *
30 ID * was not knocwn. However the NRCD recorded the specific soil class *
31 ID * present within the sampled field which was used to determine the *
32 ID * Digtrict recommended Green and Ampt parameters for the field. *
33 ID * *
34 ID * *
35 ID * The pilot study area consists of various types of crops that are *
36 ID * rotated and irrigated differently. The cobserved data was collected *
37 ID * from field effeciency tests by the NRCD. Based on the observed data *
a8 ID * the fields were grouped into two hydrolegic groups: FURROW IRRIGATED *
. 39 D * and BORDER IRRIGATED. Furrow irrigated crops in the study area *
d 40 ID * include corn and cotton. Border irrigated crops in the study area *
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* include wheat and alfalfa. According to observed data for the sampled*
42 ID * fields, the furrow irrigation is about 6 inches applied over about *
43 i * 12 hours, and the border irrigation is about 6 inches applied over *
44 D * about 1.5 hours.The precipitation input data reflects these *
45 D * jrrigation events only and any storm event. Therefore a key *
45 ID * assumption is that the initial abstraction will not vary between *
47 iD * the irrigation events and storm events. *
48 D KRR AR AR AT ARKT AR R IR ARk hhkkrd ko rh Ak Ak kb kb hd bkt b rhrkhardrkhddhddkhddohdodddkoddkkd
49 iy * VCLUME CALIBRATION RESULTS *
50 D * Field Code IA Notes *
51 Do * 0034 la - Volume did not converge *
52 ID * 00-34 2a 1.5 Actual IA = 0,75 to account for furrows *
£3 his) * 99-15 la -- volume did not converge *
54 1D * 99-18 Ze 6.0 Actual IA = 3.0 to account for furrows *
55 D * 99-16 lc 5.4 Border Irrigation * "
1 HEC-1 INPUT . PAGE 2
LINE ID....... 1..... [ S 3. [: PN L B...aan. i 8....... S...... 10
56 ID E 2 2222 22 2 s s 23222 SR SRS E R RS SR SRR AR R RS RN R ER R L ERE LR R
*
L]
*
*DIAGRAM
57 IT 5 1000
S8 0 5
*
L4
*
*
*
*
*
*
59 KK 0034
: 60 RO 0 0 0 1 21
o . (38 K:M hkhk Ak kAR kR KA AR AR Ak de ko hhdrhkkddkkdhkhkhhrdrhhkhkhthdkhhhrkrhdhddd
. 62 KM *xuxrxxdikd FIELD 00-34: Furrow Irrigated Field w#krddkkikkkxkdshdsd
(%) KM hhkhkrkhkhhkhkh ARkt h Irrigation Event Only AKkRRhAA T A I kAR Kbk bk ddd
64 KM *Initial Abstraction calibrated to Cbserved Runoff Volume *
] KM *xdkxrk ki kv kNormal Antecedant Moisture Conditions *¥**x&x*xdkdkikdsd
66 KM Ak h kAR A NR AN R RN AR R A AR Rk kb hdek kb kAR ARk kA dkhkkxhtxhhhhhhd
67 KM Calibration Code: 1A (See Appendix Calibration Sheet)
3] KM Target Runoff Volume: 2.1 Acre Feet
69 KM
70 BA 0.021
71 PR 5.71
72 IN €0
73 Pe 0 476 0.952 1.436¢ 1.906 2.382 2.858 3.334 3.810 4.286
T4 PC 4.757 5.233 5.710
' 75 LG Q .25 4.3 .2 0
76 KM Observed Lag Time Used {0.6 x Advance Time)}
77 KM  Agricultural S-Graph for Basin 00-34
78 KM Basin Area [mi2] = 0.021
79 KM Basin Lag [hr] = 0.B88
a0 KM Time Step [min} =5
81 KM Qult = 162.862
az EM
a3 UI o 1.47 1.47 2.73 4.81 8.34 8.1 11 11.87 12,32
a4 uI 12.32 11.42 10.27 11.32 7.7 8.51 5.89 5.22 4.23 4,41
85 Ul 2.8 2.4 2.06 1.81 1.45 1.34 1.17 0.83 0.83 Q.83
-1 uI 0.55 0.18 0.18 0.18 ¢.18 0.18 0.18 0.18 0.18 Q.18
' a7 Ul 0.18 0.18 0.18 Q.18 0.18 0.18 0.18 0.18 ¢
*
*
*
*
1 HEC-1 INPUT PAGE 3
LINE ID. . ..... oo 2iun 3.0 4,00, [ S Tovennn. 8. - S 10
88 KK 5R0034
ag KO o 0 [V 1 21
90 KM Storage route used to estimate volume of runoff from 0034

' 91 RS 1 STOR o
92 s a 0 0
93 SE o 1 500
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HEC-1 Input/Output
. 94 sv Q 1 500

95 SE ] 1 500
*
*
*
*
9¢ KK 0034
97 KO Q 0 0 1 21
98 KM Fr S S Y S R SRR TZ 22 ARSRET RN RS RSS2 SR 2R R AR R R AR R R EAR RS AL R R LR RES)
99 KM *knkkrxxuant PIELD 00-34: Furrow Irrigated Field #tw&dkkdddkdhds ik
100 KM Kk Wk whkhhk kb khkhw Irrigation Event Only khkkwhdhkddhhkdhddhdh kb A hnk
101 KM *Initial Abstraction calibrated te Observed Runoff Volume *
102 KM wkwkkarkartisNormal Antecedant Moisture Conditions kkskkkdkkbsrds stk
103 KM Hh Ak kk ko kA A AN R ANKA AT AR TRk A A ARk h bk kA kdhded bbb dkkdrdd ki
104 KM Calibration Code: 2a {See Appendix Calibration Sheet}
105 KM Target Runoff Volume: 2.1 Acre Feet
106 KM Area was halved in order to account for non-wetted furrow portions
107 KM of the field. In order to maintain the same inflow weclume, the
108 KM precipitation depth was doubled.
109 KM
11¢ BA 0.011
111 PB 11.42
112 IN &0
113 PC 0 . 952 1.904 2.856 3.808 4.76 5.712 6.664 7.616 §.568
114 PC 9.52 10.472 11.424
115 LG 1.5 .25 4.3 .4 0
116 KM Observed Lag Time Used (0.5 x Advance Time)
117 KM  Agricultural S-Graph for Basin 00-34
118 KM Basin Area [mi2] = 0.011
119 KM Basin Lag [hr] = 0.88
120 KM  Time Step [min} = 5
121 KM Qult = 85.18
122 KM
i23 U1l a 0.77 0.77 1.43 2.52 4.37 4.24 5.76 6.22 &.45
124 U1 6.45 5.98 5.38 5.93 4.03 4.46 3.09 2.74 2,22 2.31
i 125 ur 1.47 1.26 1.08 0.95 0.7¢6 0.7 0.61 0.44 0.44 o.44
' 126 Ul 0.29 0.1 0.1 ¢.1 0.1 6.1 0.1 0.1 0.1 0.1
127 Ul 0.1 0.1 0.1 G.1 0.1 0.1 0.1 0.1 [¢]
*
*
*
*
1 HEC-1 INPUT PAGE 4
LINE ID....... 1....... 2....... S [ D 5. ... [P Toviian 8....... 9. ... 10
128 KK BSR0034
129 KO Q 0 0 1 21
. 130 KM Storage route used to estimate volume of runcff from 0034
: 131 RS 1 STOR 0
132 sQ Q 0 0
133 SE 0 1 500
134 sv g 1 500
135 SE o] 1 500
*
Ld
Ld
*
136 KK 9915
137 KO 0 0 0 1 21
13B KM AA N K I AR R Rk kAT AR E AR AR I A AN AR R RN ko ok khk kob e do s b ok ok ok b e ok o o e o ke ok o e e ok ok ok e ok ok
139 KM Hhnkkrkkxdt DIELD 99-16: Furrow Irrigated Field *kxwskdskuedkdsbieinhs
140 KM X EE R R R EFE R R L LR X Irrigatlon Event Onl-y ERE X LR LR R IR E AR SRR EXE XS
141 KM *Initial Abstraction calibrated to Observed Runoff Volume *
142 KM khkkxwkdwnkkvNormal Antecedant Moisture Conditions #*hxkxsdsskdddnds
143 KM AN F AR NNARN I RN R R IR Rk kA hhkdkhddek kb kb bk bk kk b bk khhddd
144 KM  Calibration Code: id {See Appendix Calibration Sheet}
145 KM Target. Runoff Volume: 1.07 Acre Feet
146 KM
147 BA 0.02
148 PB &.04
14¢% IN 60
150 PC 0 .503 1.007 1.510 2.013 2.516 3.019 3.522 4.025 4,528
151 PC 5.03 5.533 6.040
152 LG 2.4 .25 4.30 .2 0
153 KM  Observed Lag Time Used (0.6 x Advance Time}
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. 154

KM Agricultural S-Graph for Basin 95-15 Calibrated
155 KM Basin Area [mi2] = ¢.02
156 KM Basin Lag [hr} = 1.01
157 KM Time Step [min] = 5
158 KM Qult = 154.388
189 KM
160 uUI ¢ 1.22 1.22 1.83 2.97 5.36 7.16 6.84 9.26 9.69
161 Ul 10.22 1¢.22 10.22 8.72 8.582 9.25 6.39 6.93 5.53 4.65
162 Ul 3.8 3.46 3.44 2.32 1.98 1.78 1.5 1.37 1.11 1.11
163 Ul 0.88 0.69 0.69 0.69 0.686 0.15 0.15 0.15 0.15 0.15
164 ur 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 Q.15
165 uI 0.15 0.15 0.15 0.15 0.15 0
*®
*
) *
*
1646 KK SRS%915
167 KO 0 Q ¢ 1 21
168 KM Storage route used to estimate volume of runoff from 991S
169 RS 1 STOR G
170 50 0 0 o
171 SE 0 1 500
i HEC-1 INPUT PAGE 5
LINE ID.....us I 2iviiann 3....... [ S 5. .. [T Tivesnnn Boouvuun 9. 10
172 sV 0 1 500
173 SE o] 1 500
*
*
*
*
174 KK 9915
L 175 KO 0 0 o 1 21
", . 175 KM T R S S S E RS ESS S S R LR RIS SRS R R R R R R R LSRR RS RE S SE]
177 KM *kkwkikkxkh FIELD 99-15: Furrow Irrigated Field *#**#txdskdkadisdhs
. 178 KM Fhkhdkkhkhkrhhhdhddkd Irrigation Event Only khkkdkhkhkrhkkdrrhhhkkxhhhrihkhhd
179 KM *Initial Abstraction calibrated to Qbserved Runcif Volume *
180 KM wkkrxxkkixrtkNormal Antecedant Moisture Conditiong **r#xxkkdisxskitx
181 KM LT T TS S S R RS A S s R R R R R R LR SRS
182 KM Calibration Code: 2e (See Appendix Calibration Sheet)
183 KM Target Runoff Volume: 1.07 Acre Feet
184 KM  Area was halved in order to account for non-wetted furrow porticns
185 KM of the field. In order to maintain the same inflew volume, the
186 KM precipitation depth was doubled.
187 KM
188 BA 0.01
189 PB 12.0
190 IN 60
191 PC 0 1 2 3 4 5 6 7 8 g
192 pC 10 11 12
193 LG 6.0 .25 4.30 .4 ]
194 KM Observed Lag Time Used (0.6 x Advance Time)
195 KM Agricultural S-Graph for Basin 95-15 (alibrated
196 KM Baein Area [mi2] = 0.01
197 KM Basin Lag [hr] = 1.01
198 KM Time Step [(min] = 5
199 KM Qult = 77.44
200 KM
201 Ul 0 0.61 0.61 0.91 1.48 2.68 3.58 3.42 4.63 4,85
202 Ul 5.11 5.11 5.11 4£.36 4.31 4.62 3.19 3.46 2.77 2.32
203 Ul 1.9 1.73 1.72 1.16 0.99 0.8% 8.75 0.69 0.56 0.56
204 UI 0.44 0.35 g.35 0.35 0.33 0.08 0.08 0.08 0.08 0.08
205 UI 0.08 9.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
206 U1 0.08 0.08 G.08 0.08 0.08 0
*
*
*
*
207 KK SR991%5
208 Ko 0 0 Q 1 21
209 KM Storage route used to estimate volume of runoff from 9915
210 RS 1 STOR 0

' 211 sQ ) 0 0
212 SE 0 1 500
213 sv ¢ 1 500
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1 HEC-1 INPUT PAGE 6

LINE ID....... I....... 2.0, ... 4....... 5.0 PP Tovvennn 8....... - i9

215 KK 2916
216 KO 0 O [0 1 21
217 m L ET SRS RS2 ER RS R RS R SR R R R RS R RS LR LR RR LRl R LR ERS SR
218 KM  **w#txxwsrx FIELD 99-16: Border Irrigated Field #wsssidkxskastsksss
219 KM kA A Ak kA hkkhhkhrhkkhd Irrigation Event Only hkhkhrhkhhhkdrhh k¥ hhd bk hhi
220 KM *Initial Abstraction calibrated to Observed Runoff Volume *
221 KM *ukxxxxxkrcxiNoymal Antecedant Moisture Conditions sw#twdskdrakdnx
222 m KR F A RT AT A AARE R A AT Rkt R R dhd A dod o etk sk o e e & ok i g e o o ok e e o ke o ke ke o e ok e e ok ok e e
223 KM Calibration Code: lc (See Appendix Calibraticn Sheet!
224 KM Target Runcff Volume: (.06 Acre Feet
225 KM
228 BA 0034
227 PB 6.21
228 IN 15
229% PC 0 1.033 2.067 3.1 4,133 5.187 6.2 6.2 6.2 6.2
230 PC 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2
231 PC 6.2 6.2 6.2 6.2 6.2 6.2 6.2 £.2 6.2 6.21
232 LG 5.0 .25 4.3 . 685 0
233 KM Observed Lag Time Used (0.6 x Advance Time}
234 KM  Agricultural S-Graph for Basin 99-16 Calibrated
235 KM Basin Area [mi2] = 0.003
234 KM Basin Lag [hr] = 1.13
237 KM Time Step [min] = 5
238 KM Qult = 23.23
239 KM
240 Ul 0 0.16 G.16 4.19 0.34 0.52 0.85 0.57 0.97 1.24
. ; 241 Ul 1.31 1.37 1.37 1.37 1.27 1.14 1.22 1.13 0.86 0.93
' 242 Ul 0.76 0.62 ¢.55 9.47 0.5 0.37 0.3 0.26 0.23 0.2
243 ur 0.19 0.15 ¢.15 9.15 0.09 0.09 0.09 Q.09 0.09 0.02
244 ur 0.02 0.02 .02 0.02 0.02 ¢.02 0.02 0.02 0.02 0.02
245 uT 0.0z 0.02 g.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
246 U1 0.02 0
*
o,
*
*
247 KK SR991¢6
248 KO ¢ 0 Q 1 21
249 KM Storage route used to estimate volume of runcff from 9916
250 RS 1 STOR Q
251 5Q Y] 0 4]
252 SE 0 1 500
253 sv 0 1 500
254 SE 0 1 500
*
*
*
L]
*
*
*
*
*
*
*
1 HEC-1 INPUT PAGE 7
LINE ID....... 1....... 2. e S 4. ... B [ Tovanenn ..., 9. 10
255 ZZ
1
SCHEMATIC DIAGRAM OF STREAM NETWORK
INFUT
% (V¥V} ROUTING {---») DIVERSION OR PUMP FLOW
.\[0. (.} CONNECTOR (<---} RETURN OF DIVERTED OR PUMPED FLOW
59 0034
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. V

v
a8 SR0034
96 . 0034
v
. v
128 - SR0024
13e . . 915
. . v
. . v _
166 . - SR5915
174 . . . $915
. . v
. . . v
207 B . - SRS915
218 . . . . 9916
v
. . . - v
247 . - - - SR9916
(***) RUNOFF ALSC COMPUTED AT THIS LOCATICON )

R R S A T R R AT L B R T T T L T T T T e e
* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.8. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * €09 SECOND STREET *
* * * © DAVIS, CALIFORNIA 95616 *
+  R]UN DATE 02NOV(4 TIME 08:31:26 * * (916) 756-1104 *

: * * *
* LR L T

. l'***tti-*i******i*****i***ﬁ****t******

P R R R R R R 2222222 T R RS T R R RE SRS SR R RS R R A2 R RS RS EERD ]
IR RN AANNEER R AR AN AR AN C R TR AR A r A Ak hdeh Ak d ke kb rded ko ok dededk bk o ok
Project: Buckeye Sunvalley Agricultural Study

Client: Flood Contrel District of Maricopa County

Prepared By: Entellus Inc. Modelers: J.S. and H.A.
Entellus 118.001
File Name: sets.txt Last Updated: 1i1/2/2004

Storm: Irrigation
Development Conditions: Existing Conditions at time of NRCD Observation

Rk PRELIMINARY CALIBRATION MODEL S
wdwkkwis THIS MODEL I8 PRELIMINARY AND IS SUBJECT TO CHANGE **+*¥#x#kxt*
dkhkkddkhhkkkhhkdrkkdrkki C A L I B R A T I O N AR A SRR SRR R RS R LR ]S
* This model was created as part of the Buckeye Sun Valley Area *
Prainage Master Study - Pilot Agricultural Study. The purpose of the
pilot study ig 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 sc that they accuratley
simulate real life runoff conditions as observed in the field.

THIS MODEL WAS USED TO CALIBRATE THE INITIAL ABSTRACTICON VARIABLE
BY ADJUSTING IT UNTIL THE OBSERVED RUNOFF VOLUME FROM THE FIELD SETS
WERE REPRODUCED. THE LAG TIME WAS NOT CALIBRATED WITH THIS MODEL

* 0 ok ok A % 4 * *

It was assumed that all fields were in a "normal® state of saturation*
when the NRCD tests were conducted. All other Green and Ampt
parameters besides the initial abstraction were estimated using the
current District methodology. The exact locations of the test fields
was not known. However 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

*
-
-
a*
o,
*
¥
x
*
*
x
*
o
g
-
*
*
*
*
n
*
* rotated and irrigated differently. The observed data was collected

* &k E R Ok * F F *
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from field effeciency tests by the NRCD. Based on the observed data *
the fields were grouped into twe 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 precipitation input data reflects these

irrigation events only and any storm event. Therefore a key
asgsumption is that the initial abstraction will not vary between

*
*
*
*
*
*
*
*
*
*
* the irrigation events and storm events.
Yy R R R R R EE s X ER SRS R RS R SR R SR RS R R 2R Rt ns sl
*
*
*
*
*
*
*
*

Field Code IA Notes

00-34 la -- Volume did not converge

00-34 2a 1.5 Actual IA = 0.75 to account for furrows
$9-15 la -- Volume did not converge

99-15 2e 6.0 Actual IA = 3.0 to account for furrows

$9-16 1c 5.4 Border Irrigation

*
*
*
*
*
*
*
VOLUME CALIBRATION RESULTS *
*
*
*
*
*
*
P I I T e T e L TR L

58 IO OUTPUT CONTRCL VARIABLES
IPRNT 5 PRINT CONTRCL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IT EYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 1000 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 4 0 ENDING DATE
NDTIME 1115 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INYERVAL .08 HOURS
TOTAL TIME BASE £3.25 HOURS
. ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATICN FEET
FLOW CUBIC FEET PER SECOND
- STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHELT

fhk KRR kA khk hh% Khkk khkA khkk khkk kkd kkh khk kAR Akk xEk Fhh hhkhk kkk hkk wdek dkkd dekk khohk hkdk dhokk kkk Akk Akk kA AEkk wEE KAk LES S

khkkhkdkhhhkhrd

* *
89 KK * 003¢ *
* Ld
FREAKERT AR A E
&0 KO QUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTRCL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 1 PUNCH COMPUTED HYDRCGRAFH
IQUT 21 SAVE HYDROGRAPH ON THIS UNIT
IgAVl 1 FIRST ORDINATE PUNCHED QR SAVED
ISAV2 1000 LAST ORDINATE PUNCHED QR SAVED
TIMINT .083 TIME INTERVAL IN HOURS

Shk hkk hkd hkh RNk KkE Akk khk kAkk hkk khkh kkk Akk hhkk kkk khk kA x wkA khkk AAE hKkA AkKk KREk Kkh kKwk kkk Akh kkk xkk kAk kkd KAk KKK

LERE R E R SRS
* *

i 88 KK * SRO024 *
* *
KARRR IR R h kR AF
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89 KO OUTPUT CONTROL VARIABLES

IPRNT 5 PRINT CONTROL

IPLOT 0 PLOT CONTROL

QSCAL 0. HYDROGRAPH PLOT SCALE

IPNCH 1 PUNCH COMPUTED HYDROGRAPH
ouT 21 SAVE HYDROGRAPH ON THIS UNIT
ISAVl1 1 FIRST ORDINATE PUNCHED OR SAVED
ISAVZ 1000 LAST ORDINATE PUNCHED OR SAVED

TIMINT .083 TIME INTERVAL IN HCURS

Wk ik kkk khkk Nh% ANE Khkk kkE KAk Khkk hkok kkk kEk KAA KKK Khkhk kkk KAk kkk kkdk kdw kkk AkA KAk kkk hkk kkk kkFT Akk ks *hE KRR kAR

EXXEEEE SRR E ]

* *
96 KK * 0034 *
* *

Hded Aok hoh ok ok ok

97 KO OQUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLCT 0 PLOT CONTEOL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 1 PUNCH CCMPUTED HYDROGRAPH
1QuT 21 SAVE HYDROGRAPH ON THIS UNIT

: ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
18aV2 1000 LAST ORDINATE PUNCHED CR SAVED
TIMINT .983 TIME INTERVAL IN HOURS

ko kkk RHE® hhkk khkk Khkk hhkk kkd kdhk R¥k REA% Kk khkk kkh AA* kkk Ahkk kkk Akk KAk khkk dxdk kEkk Ahkhk hkk dkhkdk kdkk khkk khkk khkhk hhk AikR

. hhrkkhkhkkehkhhk

" *
128 KK " SR0034 *
* *
wkkhkkhhkhhhdhdx
129 KO OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT ¢ PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 1 PUNCH COMPUTED HYDRCGRAPH
TOUT 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

ddew kkk REE KAk KAk REk khkdk kkk hhkh KRk KXk Fhh khk Ahkk Akd Frk khk Akh Kkk kkk AEKk Kkk HEF kAKX wkKk kkk kEk K kk kEk kkd kEE AHE Auk

LES eI AL AL e

* *
136 KK * §915 *
* *

EERE SR LS LR RS

137 KOG OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
Q5CAL 0. HYDROGRAPH PLOT SCALE
IPNCH 1 PUNCH COMPUTED HYDROGRAPH
Iour 21 SAVE HYDROGRAPH ON THIS UNIT
ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
IsAV2 1000 LAST ORDINATE PUNCHED OR SAVED
TIMINT .083 TIME INTERVAL IN HOURS
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166 KK

167 KO

dhk Nk kik

174 KK

175 KO

dhk hkk Wik

207 KK

208 KO

Rk hkhk kid

215 KK
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Hhk hkk Ak KhkA khkk Ak khkk ARk KRR hAk hkk kAk hkw khkk HAK FHE KXK Kkh ARF khrk Kkk KNk KAR kkk kkw khkk khkd kkk Ak Ak

EEEE RS2 TR LTS

* *
* SR9515 *
* *

dkkkhANA kA RAAR

CUTPUT CONTROL VARIABLES

IPRNT 5 PRINT CONTROL

IPLOT 0 PLOT CONTROL

QSCAL 0. EYDROGRAPH PLOT SCALE

IPNCH 1 PUNCH COCMPUTED KYDROGRAPH

IouT 21  SAVE HYDROGRAPFH ON THES UNIT
ISAVl 1 FIRST ORDINATE PUNCHED CR SAVED
ISAV2 1000 LAST QRDINATE PUNCHED CR SAVED
TIMINT .083 TIME INTERVAL IN HOURS

hkK ARk kkE khk Hkk dhkk dkkdk ko hdkd kAg wkk kdk kkd kkk kkk kokdk kAK hkh kkEk khk Akh hkk kkk Ak Fhkk khkx KKk KKA kWK ARR

WhkkAkxkkrkhrhkh

* *
* §915 *
* *

Whkhhhkdkkfdhdhkki

OUTPUT CONTROL VARIABLES

IPRNT 5 PRINT CONTROL
IPLOT ¢  PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 1 PUNCH COMPUTED HYDROGRAPH
IQUT 21 SAVE HYDLROGRAPH ON THIS UNIT
15avV1 1 FIRST ORDINATE PUNCHED OR SAVED
I5AV2 1000 LAST ORDINATE PUNCHED OR SAVED
TIMINT .083 TIME INTERVAL IN HOURS

khkhk hkh KAk Ahkk kdk kA k Kk AAhE KFEKA Khkx kwkk kdh hdkk kkh kAA hAK KKK dedkk kA kwdk kokd kAk krxk Ahk Akk kkx kxk AAA Ak hkd

dkkkkdhk ok okkwk

* *
* 8R9915 *
* *

hhk kAR AR AN

CUTPUT CONTROL VARIABLES

IPRNT S PRINT CONTROL

IPLOT 0 PLOT CONTROL

Q5CAL 0. HYDROGRAPH PLOT SCALE

IPNCH 1 PUNCH COMPUTED HYDROGRAPH

IoUT 21 SAVE HYDRQGRAPH ON THIS UNIT

ISAV] 1 FIRST CRDINATE PUNCHED CR SAVED
I5AV2 1000 LAST ORLINATE PUNCHED OR SAVED
TIMINT .083 TIME INTERVAL IN HOURS

khkk HhkK hhk khkh hkAh KAk KWK KNAK whkE KAk g hkk kdk kdkk kkk hAA kAR Khkk kAk chkk ko Aokok kokh kokd kokd hkk KAk whkk hkk khkdk dkk

koo e Kok ek ok ok

* *
* 9916 *
* *

dhdhkd ke h kkhdd

OUTP?UT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
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Observed Sets Model
Calibration of Initial Abstraction Variable Using Observed Runoff Volumes
HEC-1 Input/Output

. QSCAL 0. HYDROGRAPH PLOT SCALE '

IFNCH 1  PUNCH COMPUTED HYDROGRAPH

IouT 21  SAVE HYDROGRAPH ON THIS UNIT
ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
ISAV2 1000 LAST ORDINATE PUNCHED OR SAVED
TIMINT .083 TIME INTERVAL IN KOURS

KRk khkk hhk FEE AR KAk khhk khkk Ahkk kkk Ak kAKX kkd khkk KRR KKK KAhhk KhkA kkk kA kwhk kkw kkk KAk khk kkk kkd hkk wkk hkk ckhkk AkKh khA

Ak k kA kA hk Ak L

* *
247 KK * SR991&
* *

Ehohkdhkh wddkdkd

248 KO QUTPUT CONTROL VARIABLES
’ IPRNT 5 PRINT CCHNTROL
IPLOT 0 PLOT CONTROL
QSCAL 0, HYDROGRAPH PLOT SCALE
IPNCH 1 PUNCH COMPUTED HYDROGRAFH
00T 21 SAVE HYDROGRAFH ON THIS UNIT
ISAVI 1 FIRST ORDINATE PUNCHED QR SAVED
Ig8ave 1060 LAST ORDINATE PUNCHED OR SAVED
TIMINT .083 TIME INTERVAL IN HOURS
1
RUNQFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAX TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAX TMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
- & -HOUR 24 -HOUR 72-HOUR
HYDROGRAPH AT
0034 3. 12.08 3. 1. 0. .02
ROUTED TO
+ SR0034 0. .00 Q. a. 0. .02
+ 2.0% 16.00
HYDROGRAPH AT
+ 00634 3. 12.08 3. i. Q. .01
ROUTED TC
+ SR0Q34 Q. .00 0. 0. Q. .01
+ 2.26 16.00
EYDROGRAPH AT
+ 9315 3. 12.08 2, 1. 0. .02
ROUTED TO
+ 8R9915 0. .00 g. 0. a. .02 .
+ 1.03 16.58
HYDROGRAPH AT
+ 9815 3. 12.08 2. 1. 0. .01
ROUTED TO
+ 8RS915 0. .00 0. 0. 0. .01
+ 1.10 16.58
HYDROGRAPH AT
+ 9916 1. 2.42 Q9. Q. 0. .00
ROUTED TO
+ SR9%16 0. .00 . 0. 0. .00
+ .07 6.58

NORMAIL BND OF HEC-1 **%
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

"I" 1*‘.******'****iu**t***ﬂHﬂt*ﬁ**'**i*t*tt*
Ak kAR AT R Ak h Ak bk kAN R NI TR ARk

* ¥ *
L]

* FL.OOD HYDROGRAPH PACKAGE {HEC-1) * . * U.S. ARMY CORPS OF ENGINEERS
*

* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER
w

* VERSION 4.1 * * 609 SECOND STREET
*

" * * DAVIS, CALIFORNIA 95616
*

* RUN DATE Q3Novo4 TIME 16:30:26 * * {916} 756-1104
*

* . " -

L4
Y232 E2 2SRRI S22 RS RS SR A R R ALyl d
T2 I 2222 23 SRS R 222 R 2 22 2 A bty

X X  XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXAXXXX XXX X HXXXX X
X X X X X
X X X X X X
X X XAXKAXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC.1 KNOWN AS HEC1 (JAN 73), HEC1GS, HECIDB, AND HEC1KW.

. THE DEFINITIONS OF VARIABLES ~RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
g ' THE DEFINITION OF -AMSKK- ON RM~-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN7?7 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
D88:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN ANp AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGCRITHM

1 HEC-1 INPUT BAGE 1
LINE ID evv-n- 1.0, R I, I 4.5 [ oo o Bal. ... 9......10
1 ID R IR R AR R T ANk Rk ek kN AR e Ak kAR A AN AR TRk kA kA kAR AR R AT TN ARk
2 ID LA TR R R R R s R AR R R R R R R SR SRR TSR R A R RS RS RRERRT R R ] S]]
3 D Project: Buckeye Sunvalley Agricultural Study
4 D Client: Flood Control District of Maricopa County
§ 5 ID Prepared By: Entellus Inc. Modelers: J.S5. and H.A.
& ID Entellus 118.0¢1
7 1D File Name: systeml.txt Created 10/28/2004
:] ID
: g 1D **EXTRAPOLATION OF OBSERVED SET DATA TO TYPICAL SYSTEMS MODEL >
- 10 D **s4wdk* THIS MODEL IS PRELIMINARY AND IS SUBJECT TO CHANGE ***sxwkhhkes
11 ID deok g de ok g o o ok o e e e ok e ke ek e E x TRAP 0 L A T I O N *hedkahkhkkhbhbrkhbhdhhknk
12 D * This medel was created as part of the Buckeye Sun Valley Area * ‘
i3 ID * Drainage Master Study - Pilot Agricultural Study. The purpose of the *
314 ID * pilot study is to examine the District's wethodology for modeling *
15 ID * storm runoff from agricultural areas and recommend any possible *
16 D * improvements to the methodology. This HEC-1 model was created to *
' 17 ID * calibrate hydrologic modeling parametexs sc that they accuratley *
18 D * simulate real life runcff conditions ag observed in the field. *
19 iD * *
20 ID * This model was created in order to extrapolate the data calibrated *
21 D * uging observed field sets to systems of typical fields. The typical *
22 ID * fields each had an area of 80 acres and a slope of 231 feet per mile, *
23 1D * Bach system included 10 typical fields that were configured with into*
24 ID * two paralell strips of five fields. Runcff from one field was routed *
25 ID * through the next downstream field and combined with that fields -
26 ID * runoff. This was repeated until the the farthest downstream field at *
27 is] * which point runoff from the two strips of five fields was combined. =+
8 D * The lag time for each typical field was estimated using the lag time *
29 Ib * developed using the observed advance times (Kn=0.24). *
a0 ID * The average initial abstraction obtained from the observed sets *
. 31 ID * ¢alibration model was used for all of the typical fields. DTHETA was *
4 32 1D * pet to each field according to the data collection and field *
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57
58

System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields

HEC-1 Input/Output

.25
8.5

ID * observations that suggested the following moisture distribution *

1D * throughout typical systems in the area: *

ID * *

D * 10% of the Fields Are Being Irrigated DTHETA=( to (.35 *

ID * 20% of the Fields Are Wet - DTHETA=0 *

ID * 60% of the Fields Are Normal - DTHETA=0.25 *

ID * 10% of the Fields Are Dry-Fallow - DTHETA=0.15 *

D * Three systems were modeled: SCEN1 (All Border Crops) *

Ip * SCEN2 (All Furrow Crops) *

ID * SCEN3 {Mixed Border and Furrow Crops) *

1D * *

ID + The subbasins are numbered named according to the type of ¢yop and *

1D * the moisture condition it represents. The table below showg the ¥

1D * gubbasin names and what field condition the subbasin models. *

D * . ¥

ID * FCl = Furrow Crop - Being irrigated *

ID * FC2 = Furrow Crop - Wet *

ID * FC31 = Furrow (rop - Normal *

ID * FC4 = Furrow in Fallow - Dry *

ID * FCS = Border Crop - Being irrigated *

ID * FC6 = Border Crop - Wet *

ID * FC7 = Border Crop - Normal *

ID * FC8 = Border in Fallow - Dry *
HEC-1 INPUT

ID . evea-kuiaas o O 4,...,..5....... 6..... P O - 9.0

ID I T 2R R 222 2222222222222 X222 RS2 R 22 s R 22 i it s sl dhd

*

¥*

*

*DIAGRAM

IT 5 1000

I0 5

£l

*

*

*

*

KK FC5

KO 0 ] 0 1 21

KM Degcription: Irrigation and Storm Simultancously

KM Antecedant Moisture Condition: Normal

KM Irrigation Type: Border

BA  0.125

PB 9.60

IN 15

PC 0 0.03 ©.05 0.0% ¢.11 0.14 0.17 0.2 0.22 [¢]

PC 0.34 0.4 1.5 z.8 4.38 6.97 8.26 §.43 9,47

PC 9.54 9.57 9.6

KM Precipitation represents Border Irrigaticn and 100-year 6-hour storm

LG 2 0.25 4.3 0.4 0

KM Agricultural §-Graph for Field Conditions FC5

KM  Basin Area [mi2] = 0.125

KM Basin Lag [(hr] = 2.2

KM Time Step [(min] =5

KM Qult = 968

*

Ul 0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 12

uUI 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.

ul 29.33 29.33 29.33 29.33 26.33 29.33 29.33 26.4 24 .44 24

Ul 24.44 27.57 25,46 23.53 18.32 18.33 19.07 20.86 18.03 14

UI 13.33 13.33 12.51 10.48 10.17 9.78 10.47 11.28 7.85

Ui &.67 5.81 5.64 5.64 5.1 4,31 4.31 4.31 4.31

Ul 3.19 3.1% 3.19 3.19 3.19 2.17 1.98 1.98 1.%98

ul 1.98 1.538 1.%8 1.98 1.86 0.44 0.44 0.44 0.44

Ul Q.44 0.44 3.44 0.44 0.44 0.44 0.44 0.44 0.44

Ul 0.44 0.44 9.44 0.44 0.44 0.44 0.44 0.44 0.44

*

&

*

L]

L]

L]

-

*

*

HEC-1 INPUT
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LINE

110
111
112
113

LINE

114
115
116
117
118
119

120

KK
RS
RC

AR R % 4 % % 4 F F O * F X F F ® F F # * * ¥ * W
L

SBBEBEEEERER

R EZEEERE

<
H

vr

* * * * * * * ¥

=
=

RF

0.045
Q
2

FC7
0

FLOW
©0.045
o

1

[+}

0.045
510
0

0

System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

1320
10%0
0

1

0.004
1510
0

21

2010
0

2490

2500

Description: Storm on a field that has been recently irrigated
Antecedant Moisture Condition: Wormal
Irrigation Type: Border

0.125

0
.23
.40

-1
.05
.47

.1
.05
.73

.1
.11
1.28

.2
.14
2.84

.17

Precipitation represents 100-year 6-hour storm

2

0.25

4.3

0.4

0

Agricultural S-Graph for Field Conditions FC7

Basin Area [mi2] =
Basin Lag [hr] =

2.2

Time Step [min} = S

Quit - 0968
0 3.49
13.64 18.33
28,33 29.33
24.44  27.57
...... D
13,33 13.33
6,67 5.81
3.19 1.19
1.98 1.98
0.44 0.44
.44 0.44
CF

3.49
19.07
29.33
25.46

0.125

3.49
22.44
29.33
23.53

3.49
18.33
29.33
18.33

HEC-1 INPUT

1¢%.
2¢.
1€.
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0.44
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]
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

. 121

KO 0 0 0 1 21
122 HC 2
*
*
*
*
*
+
L]
*
-
*
*
R
*
W
-
L]
L]
*
*
*
L3
*
*
*
*
*
*
*
-
a*
a*
1 HEC-1 INPUT PAGE 5
LINE Ib....... 1.....04 b i [ |- RPN [ S i B B....... | 10
. 123 KK RF
124 RS 10 FLOW -1
125 RC 0.045 0.045 0.045 1320 0.004
126 RX Q 10 510 1010 1510 201¢ 2490 2500
127 RY 2 1 0 4] ] ¢ 2 1
-*
*
*
*
*
-
-
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
E ]
128 KK FC7
128 KO ¢ 0 o] 1 21
130 KM Description: Storm on a field that has been recently irrigated
131 KM Antecedant Moisture Condition: Normal
132 KM Irrigation Type: Border
133 BA 0.125
134 B 3.4
135 IN 15
.' 136 BPC V] [v] .1 -1 W1 W2 .2 .2 .3 W3
. 137 PC .0 .03 .05 .09 .11 .14 .17 .20 .22 .25
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138
1ag
140
141
142
143
144
145

146
147
148
149

156
157
158

LINE

159
160
lg1
lg2
163

System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields

HEC-1 Input/Qutput

PC .3 .40 .47 .73 1.28 2.B4 3.10
KM Precipitation represents 100-year &-hour storm

LG 2 ¢.25 4.3 0.4 0

KM Agricultural $-Graph for Field Conditions FC7

KM Basin Area [mi2] = 0.125

KM Basin Lag [(hr] = 2.2

KM Time Step [min]} = &

KM  Qult = 968

*

uIx 0 3.49 3.4% 3.49 3.49 3.49 5.24

uI 13.64 18.33 19.07 22.44 18.33 19,65 24 .44

u1 29.33 29,33 29.33 29.33 29.33 29.33 29.33

Ul 24 .44 27.57 25.48 23.53 18.33 18.33 1%.07
HEC-1 INPUT

ID....... ..., Ziiaeas ... L I I T
uI 13.33 13.33 12.51 10.48 10.17 5.78 10.47
uI 6.67 5.81 5.64 5.64 5.1 4.31 4.31
UL 3.19 3.19 3.19 3.18 3.1% 2.17 1.98
UL 1.98 1.98 1.98 1.98 1.86 0.44 0.44
uI C.44 0.44 0.44 0.44 0.44 0.44 0.44
uI O.44 0.44 0.44 0.44 0.44 ¢.44 0.44

+ & * * * ok * #

KK CF
KO 0 0 0 1 21
HC 2
*
*
*
*
*
*
*
*
*
*
. .
*
*
*
*
L]
*
*
*
*
*
¥
*
*
*
*
*
*
L]
L]
w
HEC-1 INPUT
ID...... ... - S SN 4o L 6oennn. 7
KK RF
RS 10 FLOW -1
RC  0.045 0.045 0.045 1320 0.004
RX o 10 510 1010 1510 2010 2490
RY 2 1 0 0 0 @ 2
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

* % % % % A £ # B F F ¥ O F ¥ F R B ¥ B X ¥ #

164 KK FC7
165 KO o} 0 0 1 21
166 KM Description: Storm on a field that has been recently irrigated
167 KM Antecedant Moisture Condition: Normal
168 KM Irrigation Type: Border
169 BA ¢.125
170 PB 3.4
171 IN 1s
172 o 0 .1 -1 1 .2 L2 .2 -3 .3
173 PC .0 .03 .05 .09 .11 .14 .17 .20 222 .25
174 pC .3 .40 AT .13 i.28 2.84 3.10 3.17 3.27 3.40
175 KM Precipitation represents 100-year 6-hour storm
176 LG 2 0.25 4.3 0.4 Q
N 177 KM  Agricultural S-Graph for Field Conditions FC7
178 KM  Basin Area [mi2] = 0.125
179 KM Basin Lag [hr] = 2.2
180 KM Time Step [min] = 5
181 KM  Qult = 968
*
182 Ul 0 3.49 3.49 3.4%9 3.4% 3.49 S.24 7.33 7.33 11.32
183 Ul 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33
184 uI 29.33 29.33 29,33 29.33 29.33 29.33 29.33 26.4 24.44  24.44
185 uI 24.44 27.57 25.46 23.83 18.33 18.33 1%.07 24.86 18.03 14.41
1 HEC-1 INPUT PAGE 8
LINE ID.vaunns D O . I 4....... B [ |2 I | D 10
186 U1 13.33 13.33 12.51 10.48 16.17 9.78 10.47 11.28 7.85 6.67
187 U1 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31 4.31 3.28
188 Ul 3.1% 3.1¢% 3.19 3.19 3.19 2.17 1.98 1.98 1.98 1.98
18% Ul 1.98 1.58 1.98 1.98 1.86 0.44 0.44 0.44 0.44 0.44
190 Ul 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
131 Ul 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 .44
-
*
*
*
*
*
-
-
*
192 KK CF
193 XO 0 0 0 1 21
194 HC 2
*
*
*
*
*
*
*
L
® :
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

* % % F F F k F F 4 » F F F F & X d * * *

1 HEC-1 INPUT PAGE 9
LINE ID....... 1..... PN SN K [ P 5. 6. ... Tt 8....... 9......10
195 KK RF
196 RS 10 FLOW -1
197 RC 0.045 0.045 0.045 1320 0.004
198 RX ¢} 10 510 10310 1510 2010 2490 2500
199 RY 2 1 0 0 0 0 2 1

® O*F O+ F OF X X X X % X F % % ¥ * ¥ X F * % % % % %

200 KK FCé
201 KO 0 0 0 1 21
202 KM Description: Storm on a field that was just irrigated
203 KM Antecedant Meoisture Condition: Wet
204 KM Irrigation Type: Border
205 BA 0.125
206 B 3.4
207 IN 15
208 PC 0 0 .1 .1 .1 .2 .2 .2 23 .3
209 PC .0 .03 .05 .09 .11 .14 .17 .20 .22 .25
210 PC .3 .40 .47 LT3 1.28 2.84 3.10 3.17 3.27 3.40
211 KM Precipitation represents 100-year &-hour storm
212 LG 2 0 4.3 c.4 0
213 KM Agricultural S-Graph for Field Conditions FC§
214 KM Basin Area [mi2] = ©0.125
218 KM Basin Lag [hr] = 2.2
216 KM Time Step [min} = 5
217 KM Qult = 968
0 3.49 3.4% 3.49 3.49 3.49 5.24 7.33 7.33 11.32

(SRS
[
o o
og o
vt

13.64 18.33 19.067 22.44 1B.33 19.85 24 .44 30.53 22.46 25.33
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Ficlds
HEC-1 Input/Output

. 220 Ul 29.33 29.33 28.33 29.313 29.33 29.33 29,33 26.4 24.44 24.44
221 U1 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14 .41
1 HEC-1 INPUT PAGE 10
LINE ID....... ..., 2o [ I 4, ... L J 6. b 8....... 9. 10
222 Ui 13.33 13.33 12.51 10.48 10.17 9.78 10.47 11.28 T7.85 6.67
223 UL 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31 4.31 3.28
224 Ui 3.19 3.19 3.1% 3.19 3.19 2.17 1.98 1.98 1.98 1.98
225 U1 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44 0.44 0.44
226 Ux 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
227 Ul 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
L]
L
*
*
*
*
*
*
*
228 KK CF
229 KO o ] 0 1 21
230 HC 2
*
*
*
*
*
*
*
*
*
*
*
C *
B *
-
*
*
*
*
*
*
*
*
*
*
*
*
*
231 KK FC?
2132 Ko ¢ 0 0 1 z1
233 XM Description: Storm on a field that has been recently irrigated
234 KM Antecedant Moisture Condition: Normal
2358 XM Irrigation Type: Border
236 BA ¢.125 :
237 PB 3.4
238 IN 15
1 HEC-1 INPUT PAGE 11
LINE ID.. .. e ... L S L S 6....... ¥ 8., L BN 1¢
239 PC 0 (] .1 L1 .1 .2 .2 2 .3 .3
240 PC .0 .03 .05 .09 .11 .14 .17 .20 .22 .25
241 PC .3 .40 47 .73 1.28 2.84 3.10 3.17 3.27 3.40
242 KM Precipitation represents 100-year &-hour storm
243 LG 2 0.25 4.3 0.4 0
244 KM  Agricultural S-Graph for Field Conditions FC?
245 KM Basin Area [miZ] = 0.125
246 KM Bagin Lag {hr] = 2.2
247 KM Time Step {min) = 5
248 KM Qult = 968
*
- 249 U1 Q 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33  11.32
250 Ul 13.64 168.33 19.07 22 .44 18.33 19.65 24 .44 3¢.53 22.46 29.33
251 Ul 29.33 29.33 29.33 29,33 29.33 29.33 29.33 26.4 24.44 24 .44
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252
253
254
255
2586
257
258

259
260
261
262
263

LINE

264

System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields

Ok %k % ¥ F ¥ % % X X F F X F X F * F F F * F * ¥

KK

FEEES

HEC-1 Input/Qutput

24 .44 27.57 25.46 23.53 18.33 18.33 19.07 20.86
13.33 13.33 12.51 10.48 10.17 9.78 10.47 11.28
€.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31
3.19 3.19 3.19 3.19 3.19 2.17 1.98 1.98
1.98 1.98 1.98 1.98 1.86 G.44 0.44 0.44
C.44 0.44 0.44 0.44 0.44 G.44 0.44 0.44
¢.44 0.44 0.44 0.44 0.44 G¢.44 0.44 0.44
RF
10 FLOW -1
0.045 0.045 0.045 1320 0.00c4
0 10 510 1010 1510 2010 2490 2500
2 1 0 0 ] 0 2 1
HEC-1 INPUT
e loiieaaZiaenns kN ..., [ IR 6....- I 8...
FC7
0 0 0 1 z1

Description: Storm on a field that has been recently irrigated
Antecedant Moisture Condition: Normal
Irrigation Type: Border

0.125
3.4
15
0 0 W1 .1 .1 .2 .2 .2
.0 .03 .05 .09 .11 .14 .17 .20
.3 .40 47 .73 1.28 2.84 3.1¢ 3.17
Precipitation represents 100-year 6-hour storm
2 0,25 4.3 0.4 [+

Agricultural S-Graph for Field Cenditions ¥C7
Basin Area [mi2] = 0.125

Basin Lag [hr) = 2.2

Time Step [min] = 5

Qult = 968

0 3.49 3.49 3.49 3.49 31.49 5.24 7.33
13.64 18.33 19.07 22 .44 18.32 15.65 24.44 30.53
29.31 29.33 29.33 29,33 29.33 25.33 29.133 26.4
24 .44 27.57 25.46 23.53 18.33 18.33 19.07 20.86
13.33 13.33 12.51 10.48 1¢.17 g.78 10.47 11.28

6.67 5.81 S5.64 5.64 5.1 4.31 4,31 4.31
3.19 3.19 3.19 3.19 3.19 2.17 1.98 1.9e
1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44
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290
291

292
293
294

LINE

295

297
298
299

System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

Ul 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
UI 0.44 0.44 0.44 0.44 0.44 .44 0.44 0.44 0.44 0.44
*

*

*

*

*

*

*

*

*

KK CF

KO 0 0 o i 21

HC 2

L A O R N N . T T T T T S S S Y

HEC-1 INPUT
ID....... lovaeens Ao, ..., [ S LI I Foivinn B, Fovunas 10
KK RF
RS 1¢ FLOW -1
RC 0.048 0.045 0.045 1320 0.004
RX 0 10 510 1010 1510 2010 2490 2500
RY 2 1 [ 0 Q ] 2 1

* * F % * F F * * F X F % 4 A F B o A A X *
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318

321

LINE

322
323
324
326
326
327

az2s
29
330

System Model 1
Extrapolation of Observed Ficld Data to Systems of Typical Fields
HEC-1 Input/Output

KK FC7

KO [ 0 4] 1 21

KM Description: Storm on a field that has been recently irrigated

KM Antecedant Moisture Condition: Normal

KM Irrigation Type: Border

BA  0.125

PB 3.4

IN 15

PC L 4] A .1 -1 .2 .2 .2 .3
PC .0 .Dp3 .05 .09 .11 .14 A7 .20 .22
pC .3 40 .47 .73 1.28 2.84 3.10 3.17 3.27- 3.
KM Precipitation represents 100-year 6-hour stoxm

LG 2 0.25 4.3 0.4 0

KM  Agricultural S-Graph for Field Conditions FC7
KM  Basin Area [mi2] = 0.125

KM  Basin Lag {hr] = 2.2

KM Time Step [min] = 5

KM Qult = 968

*

Ul

0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 i1.

Ul 13.64 18.33 19.07 22.44 18.33 1%.65 24.44 30.53 22.46 2.

Ul 29.33 29.33 29.33 29.33 29.33 2%.33 29.33 26.4 24.44 24,

uI 24.44 27.57 25.46 23.53 18.33 18.33 15.07 2¢.86 18.03 14.
HEC-1 INPUT

5 D R . T RS TR S...... L T T P : I .
Ui 13.33 13.33 12.51 10.486 10.17 9.78 10.47 11.28 7.85 6.
uI 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31 4.31 3.
ul 3.19 3.19 3.19 3.1% 3.18 2.17 i.98 1.98 1.98 1.
uI 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0,44 0.44 0.
ux 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.
Uz 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.
*
*
*
*
*
*
*
*
*

CF

[H [+ 0 1 21

2

L A T I R R A I I I S S N - ]
0o
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LINE

331
332
133
334
335

3136
337
338
339
340
341
342
343
344
345
346
347
348
349
3aso
sl
352
353

354
355
356
357

LINE

System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields

* % % % 4 ok ® * * % % * ¥* ¥ X X * F F F * * * * *

£8EE2387

Lo e
Qoo

SEZERERHE

==
A

ID.

Ul
Ul
uI
uI
uI

I

HEC-1 Input/Output

HEC-1 INPUT

....... < S PUPEUUAP: SOOI SRR
RF
10 FLOW -1
0.045 0.045 0.045 1320 0.004
0 10 510 1010 15190 2010 2490
2z 1 0 4] [+] V] 2z
FC4
0 4] 0 1 21
Description: Sterm on a dry field
Antecedant Moisture Condition: Dry
Irrigation Type: Furrow
0.125
3.4
15 .
¢ 0 .1 .1 .1 .2 .2
.0 .03 .05 .09 .11 .14 .17
-3 .40 .47 .73 1.28 2.84 3.10
Precipitation represents 100-year &-hour storm
0.5 0.35 4.3 0.4 0
Agricultural §-Graph for Field Conditions FC4
Basin Area [mi2] = 0.125
Basin Lag [hr] = 2.2
Time Step [min] = 5
Qult = 968
0 3.49 3.49 3.49 3.49 3.49 5.24
13.64 18.33 1%.07 22.44 18.33 19.65 24 .44
29.33 29.33 29.33 29.33 29.33 29.33 29.33
24 .44 27.57 25.486 23.583 18.33 18.33 19.07
HEC-1 INPBUT
Paraa 1....... 2. 000030 4, ... 5....... [ 7
13.32 13.33 12.51 10.48 10.17 9.78 10.47
6.67 5.81 5.64 5.64 5.1 4.31 4.31
3.19 3.19 3.19 3.1% 3.19 2.17 1.98
1.98 1.98 1.98 1.98 1.86 0.44 0.44
0.44 0.44 0.44 Q.44 0.44 0.44 0.44
0.44 0.44 0.44 0.44 Q.44 0.44 0.44
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364
365
3166

LINE

367
368
369
370
371

372
373
374
115
176
177

379

System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

L A R R R N N N R T N N T R A R A Y

L T N T R O S A TP S S

KK

BA
PB
IN

CF
o] o 0
2
[P ) 2.0, 3.4,
RF
10 FLOW -1
0.045 ¢.045 0.045
0 10 510
2 1 0
FC6
0 0 0

HEC-1 INPUT

13290 0.004

1010 1510 201
0 [
1 21

0
0

2490

2800
1

Description: Storm on a field that was just irrigated
Antecedant Moisture Condition: Wet

Irrigation Type: Border
0.125

3.4

15
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

. 380 PC 0 0 .1 .1 .1 .2 .2 .2 .3 -3
381 PC .0 .03 .05 -0% .11 .14 17 .20 22 .25
3a2 PC -3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 '3.40
383 KM Precipitation represents 100-year 6-hour stoxrm
384 LG 2 o 4.3 .4 9]

385 KM Agricultural S-Graph for Field Conditions FCé
3B6 KM Bagin Area [mi2] = 0.125
387 KM  Basin Lag [hr} = 2.2
g8 KM Time Step [min] = 5
389 KM Qult = 968
b
390 ur G 3.4%9 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32
391 uUI 13.64 18.33 19.07 22.44 18.33 1%.65 24 .44 30.53 22 .48 29.33
392 U1 29.33 29.33 29.33 29.33 29.33 2%.33 29.33 26.4 24.44 24.44
393 vI 24.44 27.87 25.46 23.53 18.33 18.33 19.07 20.86 18.903 14.41
1 HEC-1 INPUT PAGE 18
LINE B 0 Y . e 2 L < TSN [ - |- I ip
394 Ui 13.33 13.33 12.51 10.48 10.17 9.78 10.47 11.28 7.85 6.67
395 ur 6.67 5.81 5.64 5.64 5.1 4.31 4,31 4.31 4.31 3.28
396 UI 3.19 3.19 3.19 3.19 3.19 2.17 1.98 1.58 1.58 1.98
397 Ul 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44 0.44 0.44
398 Ul 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
19% Ul 0.44 0.44 0.44 0.44 0.44 0.44 d.44 0.44 0.44 0.44
*
*
*
*
*
*
b
*
*
400 KK CF
. 401 KO 0 0 0 1 21
402 HC 2
*
® :
*
*
*
*
*
*
*
*
*
*
*
*
x
*
*
*
*
*
* n
*
*
"
*
*
*
-
-
*
*
1 HEC-1 INPUT PAGE 19
LINE ID....... F 200000 [ 4. .. 5. ... .. 6....... T 8....... |- S 10
403 KK CSCEN1
404 KO Q 0 0 1 21

: 405 HC 2
*
*
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System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields

L R I N . R R B O I R T R

HEC-1 Input/Output

KK SRSCEN1
KO 0 0 0 1 21
RS 1 STOR 0
8Q i+ 0 0
SE ¢ 1 500
sV ] 1 500
SE ° i 500
*
-
-
-
L]
*
*
*
*
*
*
*
*
-
*
*
*x
*
*
L3
L3
*
*
HEC-1 INPUT
ID....... l....... 2.. P 4....... [ S 6....... i I B....... 9.
KK FCl1
KOG 0 0 0 1 21
KM Deacription: Irrigation and Storm Simultaneously
KM Antecedant Meisture Condition: Wet
KM Irrigation Type: Furrow
BA 0.128%
PB §.55
IN 15
PC 0.13 0.28 3.43 0.59 0.74 0.89 1.05 1.2 1.36
BC 1.85 2.04 2.23 2.62 3.3 4.97 5.36 5.75 5.91
PC 6.24 6.39 6.55
KM Precipitation represents Furrow Irrigation and 100-year 6-hour storm
LG 2 o 4.3 0.4 0
KM  Agricultural S-Graph for Field Conditicns FCL
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427
428
429
430

431
432
433
434
435
436
437
438
439
440

441
442
443
444
445

System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields

* % * * % * x

RY

* 3 F 3 F %F ¥ F + B F R ¥ % * £ F X % % F * F F B

SEZFEZEEER

o
00

TEEZZZERE

HEC-1 Input/Output

Basin Area [mi2] =
Basin Lag [hr] = 2.
Time Step [min] = §
Qult = 568

0.125
2

o 3.49 3.49 3.49 3.49 3.4%9 5.24 7.33 7.33
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 25.33 29.33 29.33 26.4 24 .44
24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03

13.33 13.33 12.51 10.48 10.17 9.78 10.47 11.28 7.85
6.67 5.81 S.64 5.64 5.1 4.31 4.31 4,31 4.31
3.1% 3.19 3.1% 3.19 3.19 2.17 1.98 1.98 1.98
1.98 1.98 1.58 1.98 1.88 0.44 0.44 G.44 0.44

0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44

RF
10 FLOW -1
0.045 0.045 0.045 1320 0.004
b} 10 510 1010 1510 2010 2450 2500
2 1 0 0 0 0 2 1
HEC-1i INPUT
....... e Y DR <
FC3
0 0 0 1 21
Description: Storm on a field that has been recently irrigated
Antecedant Moisture Condition: Normal
Irrigation Type: Purrow
0.125
3.4
15
4] 0 .1 .1 -1 .2 .2 .2 .3
.0 .03 .05 .08 .11 14 .17 .20 .22
.3 .40 .47 .13 1.28 2.84 3.10 3,17 3.27
Precipitation represents 100-year 6-hour storm
2 0.25 4.1 0.4 4]

Agricultural §-Graph for Field Conditions FC3
Basin Area {mi2) = 0.12%

Basin Lag [hr] = 2.2

Time Step {min] = 5

Qult = 988
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System Model 1
; Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

. 464 U1 1] 1.49 3.4% 3.49 3.49% 3.4% 5.24 7.33 7.33 11.32
465 oz 13.864 18.33 19.07 22.44 18.33 19.85 24 .44 30.53 22.46 29.33
466 ur 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44
467 uI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41
468 UL 13.33 13.33 12.51 10.48 10.17 9.78 10.47 11.28 7.85 &.67
469 UL 6.67 5.81 S.64 5.64 5.1 4.31 4.31 4.31 4.31 3.28
470 ur 3.19 3.1% 3.18 3.1%8 3.1% 2.17 1.98 1.98 1.98 1.98
471 vr 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44 0.44 0.44
472 ur 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 G.44
473 uI 0.44 0.44 0.44 0.44 O.44 G.44 0.44 0.44 0.44 G.44
*
*
*
*
. -
*
*
*
*
474 KK CF
475 KC ° 0 9 1 21
476 HC 2

1 HEC-1 INPUT PAGE 22
LINE 1 2 2o [ I 4....... L T [P IR ... 9. .. 10
477 KK RF
478 RS 10 FLOW -1
47% RC 0.9045 0.045 0.045 1320 0.004
480 RX 0 10 510 1010 1510 2010 2490 2500
481 RY 2 1 0 0 0 o 2 1
"
*
L
*
*
*
*
*
*
*
*
*
*
*
*
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~System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Cutput

*

*

*

*

*

*

*

*

*

*
482 KK FC3
483 KO 0 0 0 1 21
484 KM Description: Storm on a field that has been recently irrigated
485 KM Antecedant Moisture Condition: Normal
486 KM Irrigation Type: Furrow
487 BA 0.125
488 FB 3.4
489 IN 15
490 FC 0 o .1 .1 .1 .2 .2 .2 .3 .3
491 PC .0 .03 05 09 .11 .14 .17 .20 .22 .25
492 PC 3 .40 .47 .73 1.28 2.84 3.1¢ 3.17 3.27 3.40
493 KM Precipitation represents 100-year 6-hour storm
494 LG 2 0.25 4.3 0.4 ¢
495 KM Agricultural $-Graph for Field Conditions FC3
496 KM  Basin Area [mi2] = 0.125
497 KM Basin Lag [hr] = 2.2
498 KM Time Step [min] = 5
499 KM Qult = 968

*
500 Ul 0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32
501 Ul 13.64 18.33 1%.07 22.44 18.33 1%.65 24 .44 30.53 22.48 29.33
502 uI 29.33 29.33 29,33 29.33 29.33 29,233 29,33 26.4 24 .44 24.44
503 Uz 24.44 27.587 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41

1 HEC-1 INPUT PAGE 23

LINE ID....... 1,004 - P R 4,00 |- YN [ i R 2 IO 10
504 Ur 13.33 13.33 12.51 10.48 12.17 $.78 10.47 11.28 7.85 6.67
505 UI 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31 4.31 3.28
506 uI 3.19 3.19 3.19 3.19 3.19 2.17 1.98 1.98 1.98 1.98
507 UI 1.98 1.98 1.98 1.98 1.886 0.44 G.44 0.44 0.44 0.44
508 ur 0.44 0.44 0.44 0.44 0,44 0.44 0.44 0.44 0.44 0.44
509 uI 0.44 0.44 0.44 0.44 .44 0.44 0.44 0.44 0.44 0.44

*

*

*

*

*

*

*

*

*
510 KK CF
511 KO Q 0 0 1 21
512 c 2

N I O O T T T T
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

*
*
*
-
*
L]
"
*
*
1 HEC-1 INPUT PAGE 24
LINE b4 o PN IR S, S S P Guvrennn T : S 9. ... 10
513 KK RF -
514 RS 10 FLOW -z
515 RC  0.045 0.045 0.045 1320 0.004
516 RX 0 10 510 1010 1510 2010 2490 2500
517 RY 2 1 0 0 0 a 2 1

& & o F F F F * F F * F * F F F X X X % F % ¥ *

518 KK FC3
519 KO 0 ¢ 0 1 21
. 520 KM Description: Storm on a field that has been recently irrigated
521 KM Antecedant Moisture Condition: Normal
522 KM Irrigation Type: Furrow
523 BA 0.125
i 524 B 3.4
525 IN is
526 PC 0 0 .1 .1 .1 .2 .2 .2 .3 .3
527 BPC .0 .03 .05 .09 .1l Lig .17 .20 22 .25
528 PC .3 .40 .47 .73 1.28 2.84 3.190 3.17 3.27 3.40
529 KM Precipitation represents 100-year 6-hour storm
530 LG 2 0.25 4.3 0.4 0
531 KM Agricultural $-Graph for Field Cenditions FC3
532 KM Basin Area [mi2] = 0.125
533 KM Basin Lag (hr] = 2.2
534 XM Pime Step [min) = 5
535 XM Qult = 968
*
536 Ul 4] 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32
537 Ul 13 .64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33
: 538 uI 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24 .44
i 539 ul 24.44 27.57 25.46 231.53 18.33 18.33 12.07 20.86 18.03 14.41
' 1 HEC-1 INPUT PAGE 25
LINE ID....... . . SN 4.0 S.iiaas [ J N Toveevan B....... R 4
540 uI 13.33 13.32 12,51 10.48 10.17 9.78 10.47 11.28 7.85 6.67
541 ur 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31 4,31 3.28
542 uUr 3.19 3.19 3.19 3.19 3.19 2.17 1.%4 1.498 1.48 1.98
543 ur 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44 0.44 0.44
S44 UL 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
0 0 0 o] 0 4] ¢}

. 54% UIl .44 .44 0.44 0.44 0.44 -44 .44 .44 .44 .44
*
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

*
*
-
*
*
*
*
*
546 KK CF
547 KO 4 0 0 1 21
548 HC 2

* F * F F * F F F * ¥ F * F * F *F F o % * F F F F ¥ F F * *

1 HEC-1i INPUT PAGE 26
LINE ID....-.- oo 2. 0000 [ I L [ J (RS i R G....... S...... 10
549 KK RF
550 RS 10 FLOW -1
55 RC 0.045 0.045 0.0458 1320 0.004
652 RX 0 10 510 1010 1510 2010 2480 2500
553 RY 2 1 V] 0 0 0 2 1

X F ok ok % o ¥ X % X % F X X ¥ X F X X F F F ¥ ¥
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572
573
574
£75

LINE
576
577
578
579

581

582

584

System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

KK FC2
KO 0 [+} 0 1 21
KM Description: Storm on a field that was just irrigated
KM Antecedant Moisture Condition: Wet
KM Irrigation Type: Furrow
BA 0.125
FB 3.4
IN 15
PC 4] 0 .1 .1 .1 .2 .2 2
PC 0 .03 .05 .09 .11 .14 .17 .20
PC .3 .40 47 .73 1.28 2.84 3.10 3.17
KM Precipitation represents 100-year 6-hour storm
LG 2 0 4.3 0.4 0
KM  Agricultural $-Graph for Field Conditions FC2
KM Basin Area [mi2] = 0.125
KM Bagin Lag f[hr] = 2.2
KM Time Step f[min] = 5
KM Quit = 968
*
uI1 o 3.49 3.49 3.49 3.49 3.49% 5.24 7.33
ur 13.64 18.33 19.07 22.44 18.33 19.65 24,44 30.53
ur 25.33 29.33 29.33 29.33 29.33 29.33 29,33 26.4
I 24 .44 27.57 25.46 23.53 18.33 18.33 19.07 20.86
HEC-1 INPUT
ID...voaalonnnes b . S [ T [ J R . b B
uI 13.33 13.33 i2.51 10.48 1¢.17 9.78 10.47 11.28
U1 5.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31
uI 3.19 3.19 3.19 3.19 3.19 2.17 1.88 1.98
Ul 1.98 1.98 1.98 1.98 1.86 G.44 0.44 0.44
uI 0.44 0.44 G.44 0.44 0.44 0.44 0.44 0.44
UI 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
*
*
*
*
*
-
*
-
*
KK CF
KO [} 0 o 1 21
HC 2
*
*
*
*
*
*
*
L]
*
*
*
*
*
*
*
*
*
*
*
*
¥*
-,
*
*
*
*
*
FC3
0 [+ 0 1 21

EEEEZR

3.27

7.33
22.46
24.44
18.03

7.85
4.31
1.98
0.44
¢.44
G.44

Description: Storm on a field that has been recently irrigated

Antecedant Moisture Condition: Normal

Irrigation Type:

Furxow
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

580 " BA 0.125
591 PB 3.4
592 IN 15
HEC-1 INPUT PAGE 28

LINE ID....... i.o.o.. 2.0 3....... [ P 5..i. Grvnnn vy i B...... 9., .- 10
593 PC 0 0 .1 .1 .1 .2 .2 .2 .3 .3
594 PC .0 03 .05 .09 -11 14 .17 .20 .22 .25
595 pC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40
596 KM Precipitation represents 100-year 6-hour storm
597 LG 2 0.25 4.3 0.4 o
598 KM Agricultural S-Graph for Field Conditions FC3
599 KM  Basin Area [mi2] = 0.125
600 KM Basin Lag [hr] = 2.2
601 KM Time Step [min} = 5
€02 KM Qult = 968

W
603 uI 0 1.49 3.49 3.489 3.49 3.49 5.24 7.33 7.33 11.32
604 U1 13.64 18.33 19.07 22.44 18.33 19.65 24 .44 30.53 22.46 29.33
605 uI 29.33 29.33 29.33 29.33 25.33 29.33 29.32 26.4 24.44 24 .44
606 Ul 24.44 27.57 25.46 23.53 18.33 18.33 15.07 20.86 18.03 14.41
607 Ul 13.33 13.33 12.51 10.48 10.17 9.78 10.47 11.28 7.85 6.67
608 Ul 6.67 5.81 .64 5.64 5.1 4.31 4.31 4.31 4.31 3.28
609 Ul 3.19 3.19 3.1¢% 3.19 3.1%9 2.17 1.98 1.98 1.98 1.98
610 Ul 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44 0.44 0.44
61l Ul 0.44 0.44 0.44 0.44 0.44 G.44 0.44 0.44 0.44 0.44
€12 U1 0.44 0.44 D.44 0.44 0.44 0.44 0.44 3.44 0.44 G.44

*

*

*

*

*

*

*

bl

*
€13 KK RF
614 RS 1 FLOW -1
615 RC 0.045 0.045 0.045 1320 0D.004
616 RX 0 10 510 1010 1510 2010 2450 2500
617 RY 2 1 4] 0 o Q 2 1

-

*

*

*

*

*

*

*

*

*

*

*

*

*

*

a*

*

*

*

*

*

*

L]

L]

*

HEC-1 INPUT PAGE 29

LINE ID....... 1....... 2. ... 4....... 5.0 [P, Toveiion ..., ... |- B 1¢
61B KK FC3
619 KO o] G 0 1 21
620 KM Description: Storm on a field that has been recently irrigated
621 KM Antecedant Moisture Condition: Normal
622 KM Irrigation Type: Furrow
623 BA 0.125
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624
625
626
627
628
629
630
631
632
633
634
615

636
637
638
639
640
641
642
643
644
645

646
647
648

LINE

649
650
651
6§52
653

System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/OQutput

* * * F ¥ X ¥ ¥

it#!l»‘D"!!Q*i*l********#****i*mg
(9]

KK
RS
RC

RY

1.4
15
Q 0 .1
.G .03 .05
.3 .40 .47
Precipitation represent
2 0.25 4.3

Agricultural S-Graph for
Basin Area [mi2} = 0.125
Bagin Lag [(hr] = 2.2
Time Step [min) = 5

Qult = 968

0 3.49 3.49

13.64 18.33 14.07
29.33 29.33 29.33
24 .44 27.57 25.46
13.33 13.33 12.51
6.67 5.81 5.64
3.19 3.19 3.19
1.98 1.98 1.98
0.44 0.44 0.44
0.44 0.44 0.44
CF
0 ] 0
2
PR 1.0 200000003000
RF
10 FLOW -1
0.045 0.045 0.045
0 10 510
2 1 [

.1 -1 .2 .2
.09 .11 .14 L7
-73 1.28 2.84 3.1¢

s 100-year 6-hour storm
0.4 4]
Field Conditions FC3

3.4%9 3.49 3.49 5.24
22 .44 18.33 19.65 24 .44
29.33 29.33 29.32 29.33
23.53 18.33 18.32 19.47
1G.48 10.17 9.78 10.47

5.64 5.1 4.31 4.31

3.lg 1.1% 2.17 1.98

1.58 1.86 0.44 0.44

0.44 0.44 0.44 0.44

0.44 0.44 0.44 0.44

1 21

HEC-1 INPUT
PRI TR | 6....... 7

1320 0.004

1010 1510 2010 2490

0 0 o] 2
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672

€75

682
683
684

System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields

* o % A F F F F A o * F * * F ¥ X % * & * 2 »

KK FC3

X0 0 0 0 1 21

KM Description: Storm on a field that has been recently irrigated

KM Antecedant Meisture Condition: Normal )

KM Irrigation Type: Furrow

BA 0.125

PB 3.4

IN 15

PC 0 0 .1 .1 1 .2 .2 .2 .3

PC Ny .03 .05 .09 211 .14 W17 .20 .22

BC .3 .40 .47 .73 1.28 2.84 3.190 3.17 3.27

KM Precipitation represents 100-year 6-hour storm

LG 2 0.25 4.3 0.4 o]

KM  Agricultural S-Graph for Field Conditions FC3

KM  Basin Area [miz] = 0.125

¥ Basin Lag [hr] = 2.2

¥ Time Step [min} = 5

M Qult = 968

*

Uz 0 3.49 3.49 3.49 3.49 3.4¢ 5.24 7.33 7.33

Ul 13,64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.4¢8

U1 29,33 29.33 29.33 29.31 29.33 29.33 29.33 26.4 24 .44

UI  24.44 27.57 25.46  23.53 18.33 18.33 19.07 20.86 18.03
HEC-1 INpPUT

2 . 3...... [ P T L S i 8....... 9.

Ul 13.33 13.332 12.51 1¢.48 10.17 9.78 10.47 1i.28 7.85

UIl 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4,31 4,31

UL 3.19 3.1%9 3.19 3.1% 3.19 2.17 1.98 "1.98 1.%8

U1 1.98 1.98 1.98 1.98 1.86 0.44 0.44 ¢.44 0.44

uUIr 0.44 0.44 0.44 0.44 0.44 ¢.44 0.44 ¢.44 0.44

ur 0.44 0.44 0.44 0.44 0.44 ¢.44 0.44 G.44 0.44

*

*

*

*

*

a

+

*

L

KK CF

KO 4] 0 0 i 21

HC 2

*

*

n

*

*

*

*

*

*

HEC-1 Input/Output
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: System Model 1
; Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

* % F F ¥ F F % & 3 % X F % X F * F > * % %

1 HEC-1 INPUT PAGE 32
LINE b 5 1 O 2...... P I Sever--Bol. T 8....... 9. 10
685 KK RF
686 RS 10 FLOW -1
687 RrRC 0.045 0.045 0.045 1320 ¢.004
688 RX 0 10 510 1510 1520 2010 2490 2500
689 RY 2 1 ] 0 0 0 2 1

o ¥ F % % F % F F F F F % £ F ¥ 3 X F ¥ ¥ » ¥

690 KK FC4

691 KO 4] 0 0 1 21

692 KM Description: Storm on a dry field

€93 KM Antecedant Meisture Condition: Dry

694 KM Irrigation Type: Furrow

695 BA d.125

€96 PB 3.4

697 IN 15

698 PC 0 ¢ .1 .1 W1 -2 .2 .2 .3 .3
699 PC .0 .03 .05 .09 .11 .14 .17 .20 .22 .25
700 PC -3 .40 .47 .73 i.z28 2.84 3.10 3.17 3.27 3.40
701 KM Precipitation represents 100-year 6-hour storm

702 LG 0.5 ¢.38 4.3 0.4 0

703 KM  Agricultural S-Graph for Field Conditions FC4

704 KM Basin Area [mi2] = 0.125

705 KM Basin Lag [hr] = 2.2

706 KM  Time Step [min] = 5

707 KM Qult = 968

0 3.49 3.49 3.4%9 3.49 3.49 5.24 7.33 7.33 11.32
13.64 18.33 19.07 22.44 18.33 19.65 249 .44 30.53 22.46 29.33

-~ -3
oo
1w @
= E=1k
P= =]
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Qutput

710 UL 29.33 29.33 29.33 29.33 29.33  29.33  29.33 26.4 24.44 24,44
711 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 33

LINE ID. ... el 2. 3.0, 4. .., [ [ Teovuna.. - - 10
712 Ul 12.33 13.33 :2.51 10.48  10.17 9,78 10.47 11,28 7.85 6.67
713 Ul £.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31 4.31 3.28
714 Ul 3.19 3.19 3.19 3.19 31,19 2.17 1.98 1.98 1.98 1.98
715 uI 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44 0.44 0.44
716 uI 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
717 Ul 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44

*

*

*

*

*

*

*

*

*
718 KK CF
719 Ko 0 [ 0 1 21
720 HC 2

*

*

*

*

*

*

*

*

%

*

*

-*

a*

*

*

£ ]

*

-

*

-

w

*

*

*

*

*

*

*

*

*

*

HEC-1 INPUT PAGE 34

LINE ID....... | S S 3., 4....... vt [ S Terenias Biveanns [P 10 '
721 KK RF
722 RS 10 FLOW -2
723 RC 0.045  0.045  0.045 1320 0.004
724 RX 0 10 510 1610 1510 2010 2490 2500
725 RY 2 1 o 0 ¢ 0 2 1

* % R ok R % o * ¥ X ¥
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

N
*
*
*
*
*
L]
*
-
*
*
*
726 KK FC2
727 KC L] 1] ¢ 1 21 -
728 KM Description: Storm on a field that was just irrigated
729 KM Antecedant Moisture Condition: Wet
730 KM Irrigation Type: Furrow
731 BA 0.125
732 PB 3.4
733 IN 15
734 PC 0 0 .1 .1 .1 2 .2 .2 .3 .3
735 PC .0 .03 .05 .09 .11 .14 .17 .20 .22 .25
736 PC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.29 3.490
737 KM Precipitation represents 100-year 6-hour storm
738 LG 2 0 4.3 0.4 0
739 KM  Agrieultural S-Graph for Field Conditions FC2
740 KM  Basin Area [mi2] = 0.125
741 KM  Basin Lag [hr] = 2.2
742 KM Time Step [min] =5
743 KM Qult = 968
*
744 ui o 3.49 3.49 3.49 3.45% 3.49 5.24 7.33 7.33 11.32
745 ux 13.64 18.33 19.07 22.44 18.33 19.65 24 .44 30.53 22.46 29.33
746 uI 2%.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44
747 ur. 24 .44 27.87 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41
A . HEC-1 INPUT FAGE 35
. LINE ID....... l..... P I 3.0 R B | B Toveenn JBo . Gerennn 10
748 ur 13.33 13.33 12.51 10.48 10.17 °.78 10.47 11.28 7.85 6.67
T4% ur 6.67 5.81 5.64 S.64 5.1 4.31 4.31 4.31 4.31 3.28
750 UL 3.19 3.1% 3.19 3.19 3.1% 2.17 1.98 1.98 1.98 1.98
751 Ul 1.98 1.98 1.98 1.98 1.86 Q.44 0.44 0.44 0.44 0.44
152 Ul 0.44 0.44 .44 0.44 0.44 G.44 0.44 0.44 0.44 0.44
753 ur .44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
* *
W
*
L4
*
R *
- *
*
*
‘154 KK CF
755 Ko 4] ] o 1 21
756 HC 2
L 4
*
*
*
L3
*
*
L 3
L 4
L]
*
*
*
*
*
*
*
*
*
*
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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 36
LINE ID....... P 2.0 3.0, [ WP [ IR R, [P B....... |- I 1¢
757 KK CSCEN2
758 KO 0 o 0 1 21
759 HC 2

*

* X %X X % X * F F F F F F F F F F F ¥ X % F + F * F ¥ # ¥ #

760 KK SRSCEN2
761 KO ] 0 0 1 21
162 X RS 1 STOR 0
763 5Q 0 0 0
764 SE Q 1 500
765 5V 0 1 5¢0
766 SE 0 1 500
*
*
*
*
*
*
*
*
*
*
"
*
w
w
*
"
*
. "
’ *
{ »*
*
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LINE

767
768
769
770
771
772
M3
74
718
776
777
7178
M9
780
781
782
783
784

788
786
787
788
789
790
791
792
793
794

795
796
787
798
799

LINE

System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields

% # 3 * % K ®

RERR

-]
~

* R % % X F % % ¥ k F % * * X F F F F F F & ¥ F *

HEC-1 Input/Output

HEC-1 INPUT

..... e T J - S T -
FCS
0 9 Q 1 21

Description: Irrigation and Storm Simultaneously
Antecedant Moisture Condition: Normal
Irrigation Type: Border

4.125
2.60
15
0 0.03 0.05 0.09 0.11 0.14 0.1i7 0.2 0.22
0.34 0.4 1.5 2.8 4.38 6.97 8.26 9.43 9.47
9.54 9.57 9.6
Precipitation represents Border Irrigation and 100-year 6-hour storm
zZ  0.2s 4.3 0.4 0

Agricultural S-Graph for Field Conditions FC5
Basin Area (mi2] = 0.12%5

Basin Lag {hr] = 2.2

Time Step {min] = 5§

Qult = 968

0 3.49 3.49 1.49 3.49 3.49 5.24 T.33 7.33
13.64 18.33 19.07 22.44 18.33 19.65 24.44 3¢.53 22.46
29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24 .44
24 .44 27.57 25.46 23.53 18,33 18.33 12.07 20.86 18.03
13.32 13.33 12.51 10.48 10.17 9.78 10.47 11.28 T.85%

5.67 5.81 5.64 5.64 £.1 4.31 4.31 4.31 4.31
3.19 3.19 3.1% 3.1% 3.19 2.17 1.98 1.98 1.98
1.98 1.58 1.98 1.98 1.86 O.44 0.44 G.44 0.44
0.44 0.44 0.44 0.44 O.44 0.44 0.44 C.44 -0.44
0.44 0.44 0.44 0.44 ¢.44 0.44 0.44 0.44 0.44

RF
10 FLOW -1
0.045 0.045 0.045 1320 0.004
0 10 510 1010 1510 2010 2490 2500
2 1 Q 0 0 0 2 1
HEC-1 INPUT
..... b A S S - S NN T
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

800 KX FC7
gol KO 1} "} o 1 21
802 KM Description: Storm on a field that has been recently irrigated
803 KM Antecedant Moisture Condition: Noarmal
804 KM Irrigation Type: Border
808 BA  0.125
BO6& PB 3.4
807 IN i5
808 PC 0 0 -1 .1 -1 .2 .2 .2 -3 .3
809 PC -0 .03 .05 .08 .11 .14 .17 .20 .22 .25
810 PC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40
811 KM Precipitation represents 100-year 6-hour storm
612 LG 2 0.25 4.3 ¢.4 0
813 KM Agricultural S-Graph for Field Conditions FC7
814 KM  Basin Area [mi2] = 0.125
815 KM Basin Lag [hr] = 2.2
Blé K¥  Time Step [min] = 5
817 KM Qult = 558
w
B18 UL 0 3.49 3.49 3.49 3.48 3.49 5.24 7.33 7.33 11.32
8158 UL 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33
B20 Ur 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24.44
821 ur 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41
B22 ur 13.33 13.33 12.51 1¢.48 10.17 9.78 10.47 11.28 7.85 &.67
823 ur 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31 4.31 3.28
B24 uI 3.19 3.19 3,19 3.19 3.19 2.17 1.98 1.98 1.98 1.98
825 uI 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44 0.44 G.44
B26 uI 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 G.44
B27 uI 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
*
*
*
*
*
N *
! *
. N
@ *
828 KK CF
829 KO 4] 0 0 1 21
830 HC 2
*
*
*
*
*
*
¥
*
*
*
*
*
*
*
*
*
*
e
*
*
*
*
*
*
*
*
"
*
*
*
*
*
1 HEC-1 INPUT PAGE 39

. LINE ID....... 1oo..... Zoiieaes L TR dovinnnn - J P, 6o vuenns Teviinns Bevrrnts 9...... 10
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

831 XK RF
432 RS 19 FLOW -1
833 RC 0.045 0.045 0.045 1320 0.004
834 RX ¢ 10 510 101¢ 1510 2010 2450 2500
835 RY 2 1 0 ¢ 0 0 2 1
*
*
*
*
*
*
*
*
. -
*
*
*
*
*
*
*
*
*
*
*
*
*
*
' *
: -
B36 KK FC7
837 KO 0 o [+] 1 21
838 KM Description: Storm on a field that has been recently irrigated
839 KM Antecedant Moisture Condition: Normal
840 KM Irrigation Type: Border
' 841 BA 0,125
. 842 PB 3.4
843 IN 15
844 PC 0 0 -1 .1 .1 .2 .2 .2 .3 -3
845 PC .0 .03 .05 .09 .11 .14 W17 .20 .22 .25
B46 PC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40
847 KM Precipitation represents 100-year 6-hour storm
848 LG 2 0.25 4.3 0.4 Q
B49 KM Agricultural S-Graph for Field Conditions FC7
850 KM Basin Area [mi2] = 0.125
851 KM Basin Lag [hr} = 2.2
852 KM Time Step [min] = 5
853 KM Qult = 968
*
k 854 Ul 0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32
‘ : 858 UI 13.64 18.33 19.07 22.44 1B8.33 19.65 24.44 30.53 22.46 29.33
856 Ul 29.33 2%.33 29.33 29.33 29.33 29,33 29.33 26.4 24 .44 24.44
a57 ur 24 .44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.43 14,41
1 HEC-1 INPUT PAGE 40
LINE ID eevevadlecnvnesZerneans I [ S [ Tovav s |- S 8.,....10
858 UL 13.33 13.33 iz.51 1¢.48 10.17 9.78 10.47 11.28 7.85 6.67
859 Ul 6.67 5.81 S.64 5.64 5.1 4.31 4.31 4.31 4.31 3.28
860 Ul 3.19 3.19 3.19 3.19 3.19 2.17 i.98 1.58 1.98 1.988
861 ur 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44 0.44 0.44
862 uUI 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
863 Ul 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 ¢.44
w
*
*
*
*
*
*
*
*
864 KK CF

i 865 K& ¢ 0 0 1 z1
866 HC 2
N .
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
- HEC-1 Input/Qutput

* * % * * % % * F *F * * ¥ % F * * F F A X 2 F * F ¥ F F * ¥

1 HEC-1 INPUT PAGE 41
LINE b o O A 2....... 3., [ T - Y S | R I 10
867 KK R¥
868 RS 10 FPLOW -1
! 859 RC 0.045 0.045 0.045 1320 0.004
870 RX 4] 10 510 1010 1510 201¢ 2496 2500
871 RY 2 E 4] o o 9 2 1

* % F F F F * * F F F ¥ F F F F F ¥ X % F ¥ X ¥ ®

872 KK FC7 .

873 KO 0 0 Q 1 21

874 KM Description: Storm on a field that has been recently irrigated

878 KM hntecedant Moisture Condition: Normal

876 KM Irrigation Type: Border

877 BA 0.125

878 PB 3.4

879 N 15

880 BC 0 0 W .1 W1 .2 .2 -2 -3 .3

681 PC .0 .03 .05 .09 W1t -14 217 W20 .22 .25
r B8z PC .3 .40 ¥ -73 1.28 2.84 3.10 3.17 3.27 3.40

883 KM Precipitation represents 100-year 6-hour storm
Y 884 LG 2 0.25 4.3 0.4 o
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

. 885
886

KM  Agricultural S$-Graph for Field Conditions FC7
KM Basin Area [mi2] = 0.125
887 KM Basin Lag {hr] = 2.2
a8 KM  Time Step [min] = S
889 KM Qult = 968
*
890 uIx g 3.4% 3.49 3.49 3.49 3.49% 5.24 7.33 7.33 11.32
891 UI 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.33
89z Ul 29.33 29.33 29.33 29.33 29.33 29.33 29.31 26.4 24.44 24.44
893 Ul 24 .44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.41
1 HEC-1 INPUT PAGE 42
LINE ID.vwuoeduinnuns Ziiians B 4, e S5 6....... i 8., ... 9......10
894 UI 13.33 13.33 i2.51 10.48 10.17 $.78 10.47 11.28 7.85 6.67 -
:EE R Ul 6.67 5.81 5.64 S.64 5.1 4.31 4.31 4.31 4.31 3.28
-1 Ul 3.19 3.19 3.19 3.19 3.1%9 2.17 1.98 1.98 1.98 1.98
897 Ul 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44 0.44 0.44
898 UI 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
899 Ul 0.44 0. 44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
*
*
*
L]
*
*
*
L]
*
200 KK CF
901 X0 0 0 0 1 21
902 HC 2
u
*
*
*
*
*
*
: *
*
: *
*
. *
H *
! *
i *
; *
3 *
i *
i *
'.f *
’ *
! *
r . *
‘ *
i *
*
*
-
*
*
*
1 HEC-1 INPUT PAGE 43
LINE ID....... 1....... 2.0 K I [ S S, [ I i S 8....... 9...... 1¢
803 KK RF
904 RS 10 FLOW -1
905 RC 0.045 0.045 0.045 1320 0.004 .
906 RX Q 10 510 1010 1510 2010 2490 2500
S07 Y 2 1 0 ¢ 0 0 2 1
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

*
*
*
*
*
*
*
L]
L
*
*
*
*
*
*
*
*
*
*
*
s08 KK FCé6
209 KO 0 L+ 0 1 21
9i0 KM Description: Storm on a field that was just irrigated
9i1 KM Antecedant Meisture Conditicn: Wet
9t2 KM Irrigation Type: Border
913 BA 0.125
914 FB 3.4
915 IN 15
916 PC o] 0 .1 .1 A .2 .2 .2 .3 .3
917 PC .0 .03 .05 .09 .11 .14 .17 .20 To.22 .25
918 PC .3 .40 .47 W73 1.28 2.84 3.10 3.17 3.27 3.40
919 KM Precipitation represents 100-year 6-hour storm
92¢ LG 2 0 4.3 0.4 0
921 KM Agricultural S-Graph Eor Field Conditions FC6
) 922 K¥ Basin Area [mi2} = 0¢.125
K 923 KM Basin Lag [hr] = 2.2
: 9224 KM Time Step [min] =5
.' 925 KM Qult = 968
»
9286 Ul ] 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32
927 UI 131.64 18.33 19.07 22.44 18.33 19.65 24,44 30.53 22.46 29.33
928 UL 29.33 29.33 29.33 29.33 29.33 29,33 29.33 26.4 24.44 24 .44
929 Ul 24 .44 27.57 25.4¢6 23.53 18.33 18.33 1%.07 20,86 18.03 14.41
1 HEC-1 INPUT PAGE 44
LINE IDissevelunuinns 2 3. doiian, LY [ Y - . A ¢
230 Ul 13.33 13.33 12.51 10.48 10.17 5.78 10.47 11.28 7.85 6.87
931 Ul 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31 4.31 3.28
932 Ul 3.19 3.19 3.19% 3.19 3.19 2.17 i.98 1.98 1.98 1.%8
933 uI 1.98 1.98 1.588 1.98 1.86 0.44 0.44 0.44 0.44 0.44
934 Ul 0.44 0.44 0.44 $.44 0.44 0.44 0.44 0.44 0.44 0.44
9158 uI 0.44 0.44 0.44 G.44 0.44 0.44 0.44 0.44 0.44 0.44
£ ]
*
*
*
*
*
*
*
*
9386 KK CF
937 KO 0 0 o 1 21
938 HC 2
*
*
*
*
L]
L]
*
*
*
*
] *
@ :
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968
969
910
971

System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

* o% o E A b ¥ ® B o % o+ F o *

KK FC3

Ko o 0 0 1 21

KM Description: Storm on a field that has been recently irrigated
KM Antecedant Moisture Condition: MNormal

KM Irrigation Type: Furrow

BA 0.125
PR 3.4
IN 15

HEC-1 INPUT
ID.... [S R - 4.. P ) [ Tt R - PPN | I
£C 0 0 .1 .1 .1 .2 .2 .2 .3
PC .0 .03 .05 .09 .11 .14 W17 .20 .22 .
pC -3 .40 47 .73 1.28 2.84 3.1¢ 3.17 3.27 3.
KM pPrecipitation represents 100-year é-hour scorm
LG z 0.25 4.3 0.4 0

KM  hgrigultural S-Graph for Field Conditions FC3
KM Bagin Area [mi2} = 0.125

KM Basgin Lag fhr] = 2.2

KM Time Step [min] = 5

KM Qult = 968

*

U1 V] 3.439 3.49 3.49 3.49 3.49 5.24 7.33 7.33 1t.
U1 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.53 22.46 29.
Ul 29.33 29.33 29.33 25.33 29.33 29.33 29.33 26.4 24 .44 24.
uI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86 18.03 14.
uI 13.33 13.33 12.51 10,48 10.17 9.78 10.47 11.28 7.85 6.
Ul 6.67 5.81 5.64 5.64 5.1 .31 4.31 4,31 4.31 3

4
uI 3.19 3.1%9 3.19 3.19 3.19 2.17 1.98 1.58 1.98 1.
ul 1.98 1.58 1.58 1.98 1.86 0.44 0.44 0.44 0.44 0.
ux 0.44 0.44 G.44 0.44 0.44 0.44 0.44 0,44 G.44 0.
ur 0.44 0.44 0.44 0.44 0.44 0.44 0.44 .44 0.44 0.
*
*
*
*
*
*
£l
*
*
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
RY 2z 1 0 0 0 o] 2 i
*
*
-
*
*
*
*
*
*
*
*
*
*
*
*
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32
33
44
41
&7

.28

98
44
44
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LINE

972
973
974
875
976
977
978
979
80
981

9283
984
285
986
287
288
989

990
991
992
993
994
9295
996
997
998
999

1000
1001
1002

System Model 1

Extrapolation of Observed Field Data to Systems of Typical Fields

HEC-1 Input/Output

*
.
*
*
"
*
”
-«
*
*
HEC-1 INPUT
ID,..vovaliinns [ B 4.0 B.vevans Buvevenn T 8...
KK FC3
KO 0 0 0 1 21
KM Descxiption: Storm on a field that hae been recently irrigated
KM Antecedant Meisture Condition: Normal
KM Irrigation Type: Furrow
BA 0.128
FB 3.4
IN 15
PC 0 0 .1 .1 .1 .2 .2 .2
PC .0 .03 .05 0% .11 .14 .17 .20
PC .3 .40 .47 .73 1.28 2.84 3.10 3.17
KM Precipitation represents 100-year 6-hour storm
1.G 2 0.25 4.3 0.4 [+
KM Agricultural S-Graph for Field Conditions FC3
KM  Basin Area [miz2] = 0.125
KM  Basin Lag [hr] = 2.2
KM  Time Step [min] = 5
KM  Qult = 968
*
Ul 0 3.49 3.49 3.49% 3.49 3.49 5.24 7.33

Ul 13.64 18.33 19.07 22.44 18.33 15.65 24.44 30.53
Ul 29.32 29.33 29.33 29,33 29.32 29.33 29.33 26.4
Ul 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.86
U1 13.32 13.33 12,51 10.48 10.17 9.78 10.47 11.28

Ul 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31
Ul 3.19 3.18% 3.19 3.18 3.19 2.17 1.58 1.98
Ul 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44
Ul 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44
Ul 0.44 0.44 0.44 G.44 0.44 0.44 0.44 0.44
*
*
"
*
*
*
*
*
"

CF

1] 0 o 1 21

2

* ® ® % * % % %k o * F F o+ % % ¥ ¥ * ¥ & *4O=H
a o
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.25
3.40

131.32
29.33
24 .44
14.41
6.67
3.28
.1.98
0.44
0.44
0.44
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

*
X
*
*
L
*
*
*
*
1 HEC-1 INPUT PAGE 47
LINE > SN, IR S - PP S LS - S T : J TR 10
1003 KK RF -
1004 RE 10 FLOW -1
1005 RC  0.045 0.045 ©0.045 1320 0.004
1006 R% 0 10 510 1010 1510 2010 2490 2500
1007 RY 2 1 0 0 0 0 2 1

F % % F % 2 % » * * F F ¥ * ¥ ¥ % F £ ¥ ¥ F F+ % X

' 1008 KK FC3
1009 KGO o 4] 0 1 21
1010 KM Description: Storm on a field that has been recently irrigated
1011 KM Antecedant Moisture Condition: Normal
1012 KM Irrigation Type: Furrow
1013 BA 0.125
: 1014 PB 3.4
: 1015 IN 15
10lé PC 0 0 -1 .1 .1 2 .2 .2 .3 .3
1017 PC .0 .03 .05 .09 .11 -14 .17 .20 .22 .25
N 1018 PC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.40
1019 KM Precipitation represents 100-year 6-houxr storm
1029 LG 2 0.25 4.3 0.4 0
i021 XM  Agricultural $-Graph for Field Conditions FC3
1022 M Basin Area I{mi2j = 0.125
1023 KM  Basin Lag [hr] = 2.2
1024 KM Time Step [min) = 5
1025 KM Qult = 968
u
1026 uI 0 3.49 3.49 3.49 3.49 3.49 5.24 7.33 7.33 11.32
1027 uI 13.64 18.33 19.07 22.44 18.33 19.65 24 .44 30.53 22.46 29.33
1028 U1 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24 .44 24 .44
1029 uI 24 .44 27.57 25.46 23.53 18.33 18.33 1%.07 20.86 18.03 14.41
1 . HEC-1 INPUT PAGE 48
LINE ID....... b 2. kU I S | S Bavrnnan Tovnnan [ J 9. ... 10
1030 Ul 13.32 13.23 12.51 1¢.48 10.17 9.78 10.47 11.28 7.85 6.67
1031 Ul 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4,31 4.31 3.28
1032 U1 3.19 3.19 3.19 3.19 3.19 2.17 1.98 1.98 1.98 1.58
1033 uI 1.98 1.98 1.98 1.98 1.86 0.44 0.44 0.44 0.44 5.44
1034 uI 0.44 0.44 0.44 ¢.44 0.44 0.44 0.44 0.44 0.44 0.44
. 1035 U1 0.44 0.44 Q.44 0.44 0.44 0.44 0.44 0.44 0.44 &.44
*
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Qutput

*

*

*

*

*

*

-

*
1036 KK CF
1037 KO 0 o] o 1 21
1038 HC 2

1 HEC-1 INPUT PAGE 49
LINE ID....... b I 2o [ IR ..., 5. L EEEREE Tovaveas B....... - 10
1039 KK RF
1040 RS 10 FLOW -1
1041 RC 0.045 0.045 0.045 1320 0.004
1042 RX 0 10 51¢ 1010 1510 2010 2490 2500
1043 RY 2 1 ¢ ¢ 0 0 2 1

* % % * * * % ¥ * ¥F X F* F R * F* ¥ F X ¥ ¥ ¥ ¥ ¥
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

1044 KK FC4
1045 KO 0 0 0 1 21
1046 KM Descripticn: Storm on a dry field
1047 KM Antecedant Moisture Condition: Dry
1048 KM Irrigation Type: Furrow
1049 BA 0.125
1050 PB 3.4
1051 IN 15
1052 PC ° 0 .1 L1 .1 -2 .2 .2 .3 .3
10563 PC -0 .03 .05 .09 W11 .14 .17 .20 .22 .25
1054 pC -3 .40 .47 .73 1.28 2.84 3.10 1.17 3.27 3.40
1055 XM Precipitation represents 100-year 6-hour storm
1056 Ld 0.5 3.35 4.3 0.4 0
1057 KM  Agricultural S-Graph for Field Conditions FC4
1056 KM  Basin Area [mi2] = ¢.125 -
1059 KM  Basin Lag [hr]) = 2.2
1060 KM Time Step [min] = 5§
1061 KM Qult = 968

*
1062 uI 0 3.49 3.49 1.49 3.49 3.49 5.24 7.33 7.33 11.32
1063 UL 13.64 18.33 19.07 22.44 18.33 19.65 24 .44 30.53 22.4¢6 29.33
1064 ur 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24 .44
1065 ur 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

LINE ID....... 1. o 2000, L I 4.0 Siveanes 6. .. Tivaieas B... .. G 10
1066 ur 13.33 13.33 12.51 10.48B 1¢.17 9.78 10.47 11.28 7.85 6.67
1067 ur 6.67 5.81 5.64 5.64 s.1 4.31 4.31 4,31 4.31 3.28
1068 uUI 3.19 3.19 3.19 3.19 3.19 2.17 1.98 1.98 1.98 1.98
1069 uI 1.98 1.98 1.98 1.88 1.86 0.44 0.44 0.44 0.44 0.4a4
1670 uI 0.44 0.44 0.44 0.44 .44 0.44 0.44 0.44 0.44 0.44
1071 ur g.44 0.44 G.44 0.44 &.44 8.44 0.44 0.44 0.44 Q.44

*

*

*

*

*

*

*

L3

L3
1072 CF
1073 [} 0 ] 1 21
1074 2

L N T BT N O B R N N N L N N N R T N - ]
58#

HEC-1 INPUT PAGE 51

Sheet 39 of 49




System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Qutput

LINE ID....... 1....... 2.0 0 3. 4. .y S 6....... i B....... | 10
1075 KK RF
1076 RS 10 FLOW -1
1077 RC 0.045 0.045 0.045 1320 0.004
1078 RX o] 10 510 1010 151G 20190 2490 2500
1079 RY 2 1 0 4} o ] 2 1

*

*

*

*

*

*

*

*

L

+*

*

*

*

*

*

*

*

*

*

*

*

*

¥

*

*
1080 KK FC2
1081 KO 4] 0 ] 1 21
1082 KM Description: Storm on a field that was just irrigated
1083 KM Antecedant Meisture Condition: Wet
1084 KM Irrigation Type: Furrow
1085 BA g.125
1086 PB 3.4
1087 IN 15
1088 PC 0 0 -1 .1 .1 .2 .2 .2 .3 -3
1089 PC .0 .03 .95 e 11 .14 .17 .20 .22 .25
1050 PC .3 .40 .47 .13 1.28 2.84 31.10 3.17 3.27 3.40
1091 KM Precipitation represents 100-year 6-hour storm
1092 LG 2 0 4.3 0.4 ¢
1083 KM  Agricultural S-Graph for Field Conditiong FC2
1054 KM Basin Area ([mi2] = 0.125
19085 KM Basin Lag [hr] = 2.2
1096 KM Time Step [min] = §
19597 KM Qult = 968

*
1098 UI 0 3.49 3.49 3.4% 3.49 3.49 5.24 7.33 7.33 11.32
1099 Ul 13.64 18.33 19.07 22.44 18.33 19.65 24.44 30.93 22.45%6 25,33
1100 ur 29.33 29.33 29.33 29.33 29.33 29.33 29.33 26.4 24.44 24 .44
1101 . UI 24.44 27.57 25.46 23.53 18.33 18.33 19.07 20.856 18.03 14.41

HEC-1 INPUT PAGE 52

LINE ID.......1... ... [ 3. I PP 5. B T I : PR |- .10
11902 Uz 13.33 13.233 12.51 10.48 10.17 9.78 10.47 11.28 7.85 6.67
1103 U1l 6.67 5.81 5.64 5.64 5.1 4.31 4.31 4.31 4.31 3.28
1104 uI 3.19 3.19 3.1¢% 3.19 3.19 2.17 1.98 1.98 1.98 1.48
1105 Uz 1.98 1.98 1.98 1.%8 1.86 0.44 0.44 0.44 0.44 0.44
1106 U1 0.44 0.44 0.44 0.44 0.44 0.44 0.44 Q.44 0.44 0.44
1107 Ul 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44

*

*

*

*

-

*

*

L]

L]
1108 KK CF
1109 KO 0 0 0 1 21
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

a
L+

. 1110

* F F 4 ok F X K % * F * * F F F F* F X F ¥ ¥ FF * * * * » 2 * ¥ I

1 HEC-1 INPUT PAGE 53

LINE io....... 1....... 2.0 S, 4., | Y G...u-.. Tiviaaan [: AR b I 10

; 1111 KK CSCEN3
1112 KO 0 0 0 1 21
1113 HC 2

»*

* * % * F * * * * F 3 % F F A % % * * % ¥ * ¥ * * * * ¥ * ¥

1114 KK SRSCEN3
1115 KO 0 0 o 1 21
1LE6 RS 1 STOR 0
: 1117 8Q [ 0 0
111g SE o 1 500
1119 sV o 1 500
1120 SE o 1 500
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

* * F % ¥ % % ¥ ¥ F X ¥ ¥ * * F F F F X F ¥ F ¥ ¥ * ¥

1 HEC-1 INPUT PAGE 54
LINE m....... l....... 2.0 ..., K S 4.l |- J 6..uunnn (TR 8....... | 10
1121 ZZ
1
SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT
LINE {V} ROUTING {---») DIVERSION OR PUMP FLOW
NO. {.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
. 59 FC5
v
v
87 RF
92 . FC7
120 CF.iiviaennnas
v
v
123 RF
128 . FC7
156 [
v
v
159 RF
164 . FC7
192 CFuivinninnnnns
v
v
195 RF
200 B FC6
228 [

. 231 . #CT
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System Model 1
i Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/QOutput

259 RF
264 . . FC7
292 . CF.oviinaneens
v
C v
295 . RF
300 . . FC7 -
328 . CF..oviins
. v
. v
31 . RF
336 . . FC4
364 . CE. . i
v
. v
367 . RF
372 . . FCé
400 . CP.oaei i
403 C8CENL. . ....vinvuune
v
v
406 SRSCEN
413 - PCl
v
. v
441 . RF
. 446 - . FC3
474 . CF....ovivunn
v
- v
477 . RF
482 . - FC3
510 - CF..iviaieannn
v
. v
513 - RF
518 . - FC3
546 - CF.. .t uueranns
v
v

549 - RF

. 554 . . FC2
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

585 . . FC3

v
. . v
613 . . RF
618 ) . . FC3
646 . ) CP.vieinnnans
v
. . v
649 . ) RF
654 . ) . FC3
662 . . CF.veinnnnnns
v
) ) v
685 ) ) RF
690 . . . FC4
718 ) ) e
v
; . v
721 . . RF
. 726 ] . . FC2
754 . ) CFuvineannnen
757 COCENZ. ..o ovvvnns
v
v
760 BRSCEN
767 . . FCS5
v
. ) v
798 . . RF
800 . . ) FC7
aze ) . e
v
v
831 RF
836 ) . ) FC7
864 . . CFuvrrennen,
v
. . v
867 . . RF
872 . . . FC7

g 900 . . CP.o.. e
. . v
B . v
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: System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields

HEC-1 Input/Output
. 903 . . RF

208 . . - FCé

936 . . CF....vienn-
939 . . - FC3
. . v
. . . v
267 . . - RF
972 . . B - FC3
1000 . . . CF.o i
- . v
. . B v
1003 . . . RF
1008 . . . - FC3
1036 . . . TP
- . . v
- . . v
1039 - . . RF
1044 - . . - FC4
1072 - . . CF..iiiinnarns
: - . . v
- . . v
1075 . . . RF
1980 . . . - FC2
1108 . . . CF...ooiians
1111 - . CSCEN3 ... cvcveennn
. v
- . v
1114 . . SRGCEN

{#**) RUNOFF ALSC COMPUTED AT THIS LOCATION

1
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAX TMUM TIME OF

QPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
* 6 -HOUR 24 -HOUR 72 -HOUR

HYDROGRAPH AT
+ FCS 172, 5.58 80. 20. 7. .13

ROUTED TOQ
+ RF 171. 6.00 79. 20, 7. .13
+ .17 £.00

HYDROGRAPH AT
+ FC7 13. 7.87 6. 1. Q. .13

2 COMBINED AT
+ CF 171 6.00 a5 22z K 25

ROUTED TO

) RF 170. 6.42 84. 22. 7. .25
.17 6.42
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

Sheet 46 of 49

HYDROGRAPH AT

+ FO7 13. 7.67 6. 1. o .13
2 COMBINED AT

+ CF 171. 6.42 90. 23. 8 .38
ROUTED TO

v RF 170. 6.75 90. 23, 8 .38

+ .17 6.75
HYDROGRAPH AT

+ FC7 13. 7.67 6. 1. 0. .13
2 COMBINED AT

+ CF 173. 6.83 95. 25, 8. .50
ROUTED TO

+ RF 173. 7.25 95 . 25. 8 .50

+ .17 7.25
HYDROGRAPH AT

+ FC6 28. 8.33 13. 3. 1 .13
2 COMBINED AT

+ CF 193 7.58 108. 28. 9 .63
HYDROGRAPH AT

+ FC7 13. 7.67 6. 1. 0 .13
ROUTED TO

+ RF 13. B.92 6. 1. 0 .13

N .02 8.92
HYDROGRAPH AT

+ FC7 13. 7.67 6. 1. 0 .13

g 2 COMBINED AT

‘ CF 24. 8.83 11. 3. 1 .25

ROUTED TO

+ RF 23. 5.42 11. 3. 1 .25

. .03 9.42
HYDROGRAPH AT

+ FC7 13. 7.67 6. 1. 0 .13
2 COMBINED AT

+ CF 32. 8.83 17. 4. 1. .38
ROUTED TO

+ RF 31. 9.83 17. 4. 1 .38

+ .04 9.83
HYDROGRAPH AT

+ FC4 1. 8.08 18. 5. 2 .13
2 COMBINED AT

+ CF 57. B.83 35. 5. 3 .56
ROUTED TO

+ RF 54. 9.50 34. 5. 3 .50

+ .08 9,50
HYDROGRAPH AT

. FC8 28. 8.33 13. 3. 1 .13
2 COMBINED AT

+ CF 76. B.83 46. 12. 4 .63
2 COMBINED AT

+ CSCEN1 238. 7.92 154. 0. 13. 1.25
ROUTED TO )

- SRSCEN 0. .00 o. 0. 0 1.25

. 79.94 19.25
HYDROGRAPH AT

A FC1 93. 5.67 45. 12. 1 13




System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

+

ROUTED TO
RF 92. &.00 45. 12. .13
-12 6.00
HYDROGRAPH AT
FC3 13, 7.87 [ 1. W13
2 COMBINED AT
Cr 92. 6.00 50. 13. .25
ROUTED TC
RF 83. 6.42 50. 13. .25
. 212 6_.42
HYDROGRAPH AT
FC3 13. 7.67 6. 1. .13
2 COMBINED AT
CF S4. 6.42 56. 15. .38
ROUTED TO
RF g2. 7.08 56. 15. .38
.12 7.08
HYDROGRAPH AT
FC3 13. 7.87 6. 1. .13
2 COMBINED AT
CF 102, 8.00 61. 16. .50
ROUTED TO
RF 102. 8.42 61. i6. -50
.12 8.42
HYDROGRAPH AT
FC2 28. 8.33 13. 3. .13
2 COMBINED AT
CF 130. 8.33 74. 19. .63
HYDROGRAPH AT
FC2 13. 7.67 6. 1. .13
ROUTED TO
RF 13. 8.92 6. 1. .13
.92 8.82
HYDROGRAFH AT
FC3 13. 7.67 6. 1. .13
2 COMBIMED AT
CF 24. .83 11. 3. .25
ROUTED TO
RF 23, 9.42 11. 3. .25
.03 9.42
HYDROGRAPH AT
FC3 13. 7.67 6. 1. .13
2 CCMBINED AT
CF iz. 8.83 17. 4. .38
ROUTED TO
RF 31. 9.83 17. 4. .38
.04 9.83
HYDROGRAPH AT
FCa 41. 8.08 18. 5. .13
2 COMBINED AT
CF 57, 8.83 as. 9. .50
ROUTED TO
RF 54. 9.50 34. 9. .50
.08 $.50
HYDROGRAPH AT
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

+ +

+ o+

FC2 Z8. 8.33 13. 3. 1 W13
2 COMBINED AT
CF 76. 4.83 46. 1z2. 4 .63
2 COMBINED AT
CSCEN2 200, 8.83 120. 32. 11 1.25
ROUTED TO
SRSCEN [ .00 C. . 0. 1.25
62.57 19.25
HYDROGRAPH AT
FC5 172. 5.58 8o, 20. 7 .13
ROUTED TOQ
RF 171. §.00 79. 20. 7 213
.17 6.00
HYDROGRAPH AT
FC7 13. .67 6. 1. ¢ 213
2 COMBINED AT
CF 171. 6.00 85, 22. T .25
ROUTED TO
RF 170. 6.42 B4, 22. 7 W25
.17 6.42
HYDROGRAPH AT
FC7 13. 7.67 6. 1. 0. .13
2 COMBINED AT
CF 171. 6.42 20. 23. 3] .38
ROUTED TO
RF 170. &.75 90. 23. B .38
W17 &.75
HYDROGRAPH AT
FC7 13. T.67 6. 1. 0 .13
2 COMBINED AT
CF 173. 6.83 95, 25. 8 .50
ROUTED TO
RF 173. 7.25 95, 25. 8. .50
.17 7.25
HYDROGRAPH AT
FC6 z28. 8.33 13, 3. 1 .13
2 COMBINED AT
CF 193. 7.58 108. 28. 9 .63
HYDROGRAPH AT
FC3 13. 7.67 6. 1. 0 .13
ROUTED TO
RF 13. §.92 6. 1. [¢] .13
.02 8.92
HYDROGRAPH AT
FC3 13. 7.67 5. 1. 4] 213
2 COMBINED AT
CF 24. 8.83 11. 3. 1 .25
ROUTED TO
RF 23. 9.42 11. 3. 1 .25
.03 9.42
HYDROGRAPH AT
FC3 13. 7.67 6. 1. o] .13
2 COMBINED AT
CF 3z. §.83 17. 4. 1 .38
ROUTEDR TO
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System Model 1
Extrapolation of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

‘ RF 1. 9.83 17. 4. 1. .38
+ .04 9.83

HYDROGRAPH AT

+ FC4 41. 8.08 18. 5. 2, .13
2 COMBINED AT
+ CF 57 8.83 35 9 3 50
ROUTED TO
+ RF 54, 9.50 34, 9. 3. .50
. .08 9.50

HYDROGRAPH AT .
+ FC2 28. 8.33 13. 3. 1. .13

2 COMBINED AT
+ CF 76 .83 46 iz 4 63
2 COMBINED AT
+ CSCEN3. 238. 7.92 154. 40. i3. 1.25
ROUTED TO
+ SRSCEN 0. .00 Q. 0. 0. 1.25
+ 79.54 19.25

*w* NORMAL END OF HEC-1 *#&w
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System Model 2
Calibration of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Output

.lt*ﬁﬁ**tt*ﬁ***drvr**nttttkﬂ***t*ittk*ﬁ**tﬁ**
AETTYEIESRISRRRE LTRSS AS A SRR R R R

* * *
*

* FLOOD HYDRCGRAPH PACKAGE (HEC-1} * * U.S5. ARMY CORPS OF ENGINEERS
*

* JUN 1998 * * HYDRCLOGIC ENGINEERING CENTER
*

* VERSION 4.1 * * 609 SECOND STREET
*

* * * DAVIS, CALIFORNIA 95616
* .

* RUN DATE 03NOV04 TIME 16:49:41 * * (916} 756-1104
*

* * *

*
T2 223 2R3 XSS 2222 R a2t R Rl E )]

Ak hhk Rk Akt kA hd bk kb kAR RA AN AR

X X XXXXXXX XEXXX X
X X X X X XX
X X X X X
XXXXXXX XXKXX X XXXXX 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 73}, HEC1GS, HECLDB, AND HECLKW.

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

1 HEC-1 INPUT PAGE 1
LINE ID....-..1....... 2....... 3., L |- J P [ i A 8....... Q... 10

1 ID IR A2 R R E R E R E A X SR S X R S S e SRR SRR R A A SRR SR RS R R R aEl t )]
2 ID AAAAE R AR R AR RN AR A ARk r A kA kAN A A AR ARk Ak d R A A AR A I AR R A A AR AN WA AN ARk k Rk
3 ID Project: Buckeye Sunvalley Agricultural Study

4 ID Client: Flood Control DRistrict of Maricopa County

s ID Prepared By: Entellus Inc. Modelers: J.5. and H.A.

6 Ib Entellus 118.001

7 ID File Name: system2.bxt Created 11/1/2004

2] IDp

9 n #kkkaxdwkt  CALIBRATION OF INITIAL ABSTRACTICN AND LAG TIME Fkdk ok wkdokk
10 ID mkkxkkkk THIS MODEL IS PRELIMINARY AND IS SUBJECT TO CHANGE ***##&xwxiwx
11 ID * This model was created as part of the Buckeye Sun Valley Area *
12 ID * Drainage Master Study - Pilot Agricultural Study. The purpose of the *
13 ID * pilot study is to examine the District's methodology for modeling *
14 ID » gtorm runoff from agricultural areas and recommend any possible *
15 ID * improvements to the methodology. This HEC-1 model was created to *
16 D » calibrate hydrologic modeling parameters so that they accuratley *
17 1D + gimulate real life runoff conditions as observed in the field. *
18 D * *
19 ID * This model was created in order to calibrate the parameters adjusted *
20 D * using observed field set data (initial abstraction and lag time) to *
21 ID * conditions typical of systems of Ffields. The peak flow and volume *
22 ID * from a system of typical fields was estimated using System Model 1. *
23 In + The initial abstraction and lag times were adjusted until those *
24 ID. * regults were achieved. The initial abstraction was adjusted to obtain*
25 ID * the volume and the lag time was adjusted to obtain the peak flow. *
26 ID * *
27 ID * The DTHETA wvalue used in this model represents typical moeisture *
28 1D * gonditions throughout agricultural systems. DTHETA was set to 0.19 *
29 1D * which is somewhere between wet and dry conditionsg. *
30 iDp * *
31 D ek kahkwkknkkw*xC A [, T BERATION RE S ULTS **akdhkdtakhrrhhrd

. 32 1D * IA = 1.0 inch *
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13
34

35

System Model 2
Calibration of Observed Field Data to Systems of Typical Fields
HEC-1 Input/Cutput

iD * Lag = 3.0 Hours +
ID LA R R R R R R R R R R R R R R R R R R gy R e TR ]
*
*
*
*
*DIAGRAM
1T 5 1000
10 3
*
*
*
*
*
¥
KK SYSTEM
KO 0 0 0 1 21
KM LRSS RS RS LR R R T S e R R R R Y T TS RS Y
KM * Typical 1.25 Square Mile Agricultural Land *
KM * Border and Furrow Crops Mixed *
K:«i Khhh kA kkrhkhhNk loo_Year G_Hour Stom LA AR R R R A RS SRR XY
KM *hkkkhkrrkkhr District Green and Ampt Method #*#xakkkdkkd kb kdkrhohhhkr

HEC-1 INPUT
ID....... 1....... 2.0 3.... P R S.o...... 6....... 7. ceaB g...... 10
KM * Lag Time and Initial Abstraction Adjusted *
KM * Average Antecedant Moisture Condition (DTHETA) = 0.19 *
KM AR LRSS S A2 R R R L2 R a2 R R TR Y
KM Calibration Code: 4 (8ee Appendix Calibration Sheet)
KM
BA 1.25
PB 3.4
IN 15
PC ¢ Q -1 -1 .1 ] .2 .2 .3 W3
BC .0 .03 .05 .09 .11 .14 W17 .20 .22 25
PC .3 .40 .47 .73 1.28 2.84 3.10 3.17 3.27 3.4¢
LG 1.0 .19 4.30 .4 0
* Agricultural S-Graph for Basin SYSTEM
* Basin Area [mi2] = 1.25
* Bagin Lag (hr} = 3.3
* Time Step [min] = &
* Qult = 9680
* Unit Hydrograph was truncated to 150 ordinates (max number allowed by HEC-1}
U1 0 23 23 23 23 23 23 23 23 41
U1 49 49 49 72 81 96 122 122 130 163
uUr 123 122 122 156 163 19% 176 155 196 196
ur 196 196 196 196 156 1986 196 1986 196 196
UL 183 163 163 163 163 163 178 180 i72 174
ur 122 122 122 122 130 137 144 108 o8 91
ur a9 89 89 81 70 70 67 65 65 72
UI 75 72 44 44 44 44 39 B 38 38
uI 38 32 29 29 29 29 29 29 22 21
Ul 231 21 21 21 21 21 21 15 13 13
uI 13 13 13 13 13 13 13 13 13 13
U1 13 12 3 3 3 3 3 3 3 3
ur 3 3 3 3 3 3 3 3 3 3
ur 3 3 3 3 3 3 3 3 3 3
UL 3 3 3 3 3 3 3 3 3 3
*
*
-
L]
KK SYSTEM
Ko 0 0 0 1 21

KM Storage route used to estimate volume of runoff from GA
RS 1 STOR 0

50 o o 0
SE ¢ 1 500
sv 0 1 500
SE 0 1 500
*
*
*
*
*
L4
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INPUT
LINE

NC.

37

71

System Model 2
Calibration of Observed Field Data to Systems of Typical Flelds
HEC-1 Input/Output

-
*

79 ZZ

SCHEMATIC DIAGRAM OF STREAM NETHORK

(V) ROUTING (~--») DIVERSION OR PUMP FLOW
{.) CONNECTOR («---} RETURN OF DIVERTED OR PUMPED FLOW
SYSTEM

v

v
SYSTEM

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM
OPERATION STATION FLOW PEAK AREA STAGE
6-HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT
SYSTEM 257. 8.83 159. 44, 15. 1.25
ROUTED TO
SYSTEM G. .Ga G 0. B, 1.25
86.86

**x* NORMAL END OF HEC-1 *=*+*
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. APPENDIXE. HEC-1 MODELS

E.l. Observed Sets Input/Output

E2 - System Models 1 anii 2 Input/QOutput
R3S Pili_:i‘t 'Stu?dyiArea M(i)d‘el Input/ OQutput

,__:_ : 9} Ziimeih_lé |




Pilot Study Area Modeled w/100-Year 6-Hour Storm
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology)
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Irkhxdhkkrkrkdkxh ARk hddh kb kb rrkdhhadnd
EhkrkhEhkr kA kAR Ak Aok Tk b A hkhkxhhtkhdhhkn

* * *
*

* FLOOD HYDROGRAPH PACKAGE (EEC-1) * * U.5. ARMY CCRPS
OF ENGINEERS *

* JUN 1998 * * HYDRCLOGIC
ENGINEERING CENTER *

* VERSION 4.1 * * 605 SECOND
STREET *

* * * DAVIS,
CALIFORNIA 95616 *

* RUN DATE 06JANOS TIME 14:39:03 * * (916}
756-1104 *

* * *

*
dkdkkk ke dkkkhkkhkhhkkd kA kk ko hkahdkkhkAx

dhkdAkk A bk Ak hrhdkhkhhkkkhdbhdhkkdrdrhkhrhdhksd

X X XKXKXXX KXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X KXEXX X
X X X X X
X X X X X X
X X EXXXXXX XAXEX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 {JAN 73}, HEC1GS, HECLDB, AND
HEC1KW,

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE

INPUT STRUCTURE.

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77
VERSION
NEW COPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE
FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
1 HEC-1 INPUT
PAGE 1
LINE ID....... ... 2o K I 4.0 5....... ... Feooennnn 8....... 9. 10
1 D Buckeye/Sun Valley ADMS - November 2004
2 D PBS&J - Modelers: Jacob Lesue & Wen Chen
3 ID 100-year &-hour
4 D Existing Conditions
5 ID  Area 1 - RID to BIC (West)
6 ID Rainfall Loss Method - Green & Ampt
7 D Unit Hydrograph Method - FCDMC 5-Graph
8 D Channel Routing Method - Normal Depth
s ID  Land Use - FCDMC GIS Data: mag_landuse (2000}
10 ID  Soil Data - USDA SC8 Scil Survey {1972 & 1981)
11 D Units - Li{mi} Leca{mi) S (ft/mi) LAG (min)
*DIAGRAM
12 T 15 02JAN%4 0 400
13 j1e] 3
14 N 15 D2JAN94 0
15 I 1.3 0.01
* p~hour distribution, pattern 1.0
16 2o 0.0 0.008 0.016 0.025 0.033 0.041 0.05 0.058 0.066 0.074
17 PC 0.087 0.09% g.118 0.138 0.218 0.377 0.834 0.911 0.931 .55
18 BC 0.962 0.972 0.983 0.991 1.0
19 N 15 02JANGS4 0
20 J0 3.28 0.5
* &-hour distribution, pattern 1.0
21 PC ¢.0 0.008 0.016 0.025 0.033 0.041 ¢.05 0.058 0.066 0.074
22 PC 0.087 0.09%9 0.118 0.138 0.216 0.377 0.834 0.911 0.931 4.95
23 PC 0.962 0.972 0.583 0.991 1.0
24 IN 15 02JANS4 0




Pilot Study Area Modeled w/100-Year 6-Hour Storm
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology)
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. 25 JD 3.257 1.0

* g-hour distribution, pattern 1.4 :
26 PC 0.0 0.0084 0.016 0.025 0.0334 0.0414 0.0504 0.0584 0.0664 0.0748

27 PC 0.087 0.0994 0.1188 0.148 0.2304 0.4067 0.7778 0.8813 (.9186 0.9452
28 PC 0.9572 0.9684 0.9798 0.9898 1.0
29 IN 15 02JAN94 Q
30 Jo 3.168 5.0
* 6-hour distributicn, pattern 2.3
31 PC 0.0 0.011 0.0173 0.0267 0.0387 0.049 00,0593 0.0693 10,0797 0.0903
3z PC 0.102 0.1173 0.1383 ©0.1827 0.2693 0.458 0.686 0.8233 0.8893 0.9283
31 BPC 0.9487 0.962 0.9743 §.9877 1.0
34 IN 15 02JAN94 0
35 JD 3.102 10.0
* g-hour distribution, pattern 2.7
36 BC 0.0 0.0134 0.0189 ©0.0287 0.0443 0.0574 0.0694 0©0.0818 0.0949 0.1076
37 BPC 0.1223 0.1382 0.1604 0.2063 0.2902 0.4664 0.6764 0.8069 0.8765 0.9189
as BPC 0.9471 0.9608 0.9735 0.9873 1.0
39 KK 68
40 KM R AT EE LR RS R RS E RS EL AR LR E RS R LR R R R R LR RAR R R R ER SRR R R RS E AR EE TR S
41 KM *n SUB_WATERSHED E EZE AR R R RN RS R R RS R RS R LR RS SR T LSRR R R E LA R RS E SRR
42 KM EE RS TR R R R E RS R AR L EE LRSS R AR AR LA R AR R RS L AR SRS R RS R LR LSRR AR R SRS RS R R LR L RN
43 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
44 KM L=0.96 Lea=0.33 8=45.58 Kn=0.050 LAG=22
¥ 45 KM S-GRAPH TYPE=DESERT RANGELAND
44 KO Q [v] 0.0 1 22
a7 BA 0.4130
48 LG 0.374 0.334 4.366 0.374 0.0
L HEC-1 INPUT
PAGE 2
LINE ID....... 1., 20 K L |- I, [ T 2 [ 10
49 UI 6.0 257.36 526.31 19%.5 61.33 15.58 0.0
50 KK El-E2 CNAME El
51 KM STORAGE ROUTE FROM E1l TO E2 THROUGH SPRR TRESTLE
. 52 KO 0 Q0 0.0 0 22
. 53 RS 1 ELEV 871.¢ 0.0
54 8V 9.0 1.39 5.84 13.36 41.09 96.81 182.04 292.0 426.27 581.71
55 sV 756.67 957.16 1179.1 1175.1 1179.1 117%.1 11792.1 1179%.1 1179.1 1179.1
56 SE 872.0 874.0 876.0 878.0 880.0 882.0 284.0 886.0 288.0 8580.¢
57 SE 892.0 B94.0 896.0 896.0 895.0 896.0 856.0 89&.0 856.0 856.0
58 8Q 9.0 100.0 240.0 360.0 480.0 600.0 1020.0 2000.0 2760.0 2760.0
59 8Q 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0
60 SE 873.07 874.047 875.07 876.07 877.07 87Y8.07 879,07 880.07 B881.07 B8E1.07
61 SE 8B1.07 881.07 881.07 881.07 8B1.07 8B1.07 881.07 881.07 §81.07 B881.07
62 KX 59
63 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
64 KM L=0.50 Leca=0.17 8=49.34 Kn=0.200 LAG=53
i 65 KM 8-GRAPH TYPE=AGRICULTURE
66 KO 0 (o} o.0 1 2z
a7 BA 0.2519
68 LG 0.46 0.23 4.174 0.497 §.088
69 uI 0.0 22.5 84,15 139.94 135.%77 109.83 62.24 38.79 21,52 13.5
70 Ux g.12 2.19 2.19 2.1%9 2.19 2,19 0.0
71 KK E2
72 KM COMBINE STORAGE HYDROGRAPH FROM E1l WITH RUNOFF FROM 59 @ E2
73 ZW A=RBW B=E2 C=FLOW E=15MIN F=100Y¥6H-EX
4 K& o V] 0.0 0 22
75 HC 2
76 KK RIDF
17 KM LR A2 R R SR RS TR R SRR E R R ES RS E AR AR RS ER SRR R R RS R R RS EE LRSS ESE R
78 KM * % S‘UB_WATERSHED F L E TR R RS R SR E LR ST RS RS S RS RS R RS RS SR R R R E RS RS LS E SR
‘79 KM AR AR RS R R EEEEER RS R R ER R ES RS R AR AR AR R ET RS RS RS ERSE RS SRR R RS EE AR TESE R
B0 KM FALSE BASIN TO SIMULATE INFLOW FROM RID
81 BA 0.0001
az ZR =QI A=RID RID B=8199 LAT STRUCT C=FLOW-WEIR D=02JAN1994 E=15MIN F=RID-100-06E
83 KK Fls8-F2 CNAME F18
84 KM ROUTE INFLOW FROM RID CONCENTRATED AT F18 TO F2 (CHANNEL A)
85 KO V] 0 0.0 [+ 22
86 RS 1 FLOW .0 0.0
” 87 RC 0.1 ¢.1 9.1 3225.0  0.004 0.0
. a8 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0
89 RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0




Pilot Study Area Modeled w/100-Year 6-Hour Storm
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology)
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KK 27
91 KM  THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
92 KM  L=0.82 Leca=0.41 5=14.59 Kn=0.200 LAG=115
53 KM  S-GRAPH TYPE=AGRICULTURE
94 KO 0 0 o.¢ 1 22
g5 BA  0.2410
96 LG - 0.493 0.246 3.979 0.567 1.418
97 Ul 0.0 7.73 11.06  25.19  43.69  53.56 61.68  64.93 61.32 56.09
1 HEC-1 INPUT
PAGE 3
LINE ID....... Lo.o..... 2. .. I [ S B [- DA IR B, S, 10
98 Ul 48.56 42,77 30.31 23.36 21.4 13.77 11.2 9,22 7.086 6.07
99 Ul 4.39 4,39 2.56 0.97 0.97 0.97 0.97 0.97 0.97 0.97
100 uI1 0.97 .97 0.97 0.97 0.97 0.0
101 KK F2 CNAME F2-F3
102 KM  COMBINE ROUTED HYDROGRAPH FROM F1S WITH RUNOFF FROM 27 @ F2
103 KO 0 0 0.0 0 22
104 HC 2
105 KK  F2-F3  CNAME F2
106 KM ROUTE HYDRPGRAPH FROM F2 TQ F3 (CHANNEL A)
107 KO o 0 C.0 0 22
108 RS 8 FLOW 0.0 0.0
109 RC 0.1 0.1 ¢.1 5241.87 0.0057 0.0
110 RX ¢.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
112 KK 29
113 KM  THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
114 KM  L=1.47 Lea=0.73 5=22.92 Kn=0.200 LAG=163
115 KM  S-GRAPH TYPE=AGRICULTURE
116 jta] 0 0 0.0 1 22
117 BA 0.9%87
- 118 LG 0.5 0.25 3.977 0.548 0.0
' 119 Ul 0.0 22.6 22.6 40.44 €7.42 122.16 127.17 170.96 171.63 189.8
120 Ul 189.8 185.58 158.17 166.76 141.69 122.%8 113.44 86.27 70.6 65.75
121 UL 56.62  40.79 36.5  28.42  27.23 20.63 20.63 15.99 12.82 12.82
122 ur 12.82 7.08 2.82 2.82 2.82 2.82 2.82 2.82 2.82 2.82
123 ur 2.82 2.82 2.82 2.82 2.82 2.82 2.82 2.82 2.82 0.0
124 KK F3 CNaME  F3-F4
125 KM  CCOMBINE ROUTED HYDROGRAPH FROM F2 WITH RUNOFF FROM 29 @ F3
126 XO 0 0 0.0 D 22
127 HC 2
128 KK  F3-F4  CNAME F3
129 KM  ROUTE HYDRPGRAPH FROM F3 TO F4 (CHANNEL A)
130 KO 4 0 0.0 0 22
131 RS 7 FLOW ¢.0 0.0
132 RC 0.1 0.1 0.1 5501.87 0.0058 0.0
133 RX 0.0 250.0 S00¢.0 750.0 1000.0 1333.3 1666.6 2000.0
134 RY 10.0 7.5 5.0 2.5 ¢.0 3.3 6.6 10.0
135 KK 41
136 KM  THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
137 KM L=1.54 Lca=0.77 5=23.99 Kn=0.200 LAG=168
138 XM  S-GRAPH TYPE=AGRICULTURE
139 KO 0 0 0.0 1 232
140 BA 1.2021
141 L3 0.5 .26 3.965 0.474 0.0
142 ul 0.0 26.39 26.39 45.2  74.92 131.88 154.05 177.32 206.14 221.65
143 Ul 221.65 221 .65 1%2.1 1B9.15 190.62 138.33 151.39 105.43 94,12  76.42
144 Ul 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
144 C UL 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3
1 HEC-1 INPUT
PAGE 4
LINE ID....... Lo...... 2. kI doviina, - [ A T 8....... .. 10
147 Ul 3.3 0.0

148 KK F4 CNAME F4-FGB
149 KM COMBINE RCUTED HYDROGRAPH FROM F3 WITH RUNCFF FROM 41 @ F4

150 KO 0 Q 0.0 o4 22




Pilot Study Area Modeled w/100-Year 6-Hour Storm
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology)
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’. 151 HC 2
152 KK F4-F5B  CNAME Fa
153 XM  ROUTE HYDRPGRAPH FROM F4 TO FSB {CHANNEL A}
154 KO 0 0 0.0 ¢ 22
155 RS 4 FLOW 0.0 0.0
156 RC 0.1 ¢.1 ¢.1 3704.65 0.0085 0.0
157 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0
158 RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 16.0
159 KK 52B
160 KM  THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
161 KM  L=0.71 Lea=0.32 §=32.56 Kn=0.200 LAG=85
162 KM  $-GRAPH TYPE-AGRICULTURE
163 KO 4 0 0.0 1 22
164 BA 0.4953
1865 LG 0.491 ©0.251  4.087 .53 0.349
166 uI ¢.0 21.49 47.96 115.57 153.43 180.5 170.48 157.82 118.28  85.92
167 UI  63.75 43.62 30.66 22.85 17.91 12.2  10.93 2.69 2.69 2.69
168 Ut 2.69 2.69 2.69 2.69 2.69 2.69 0.0
169 KK FSB CNAME FS5B-F6B
170 KM  COMBINE ROUTED HYDROGRAPH FROM F4 WITH RUNOFF FROM 52B @ F5B
171 KO 0 0 0.0 o 22
172 HC 2
173 KK FSBF6B  CNAME FSB
174 KM  STORAGE ROUTE FROM FS5B TO F6B THROUGH SPRR TRESTLE
175 KO 0 0 0.0 0 22
176 RS 1 ELEV  886.0 0.0
177 v 0.0 0.08 0.94 6.13  37.02 122.46 2362.93  479.0 749.83 749.83
: 178 SV 749.83 7489.83 749.83 749.83 749.83 749.83 745.83 749.83 749.83 749.83
: 178 SE  8B6.0 B88.0 B8%0.0 B92.0 B894.0 896.0 898.¢ 900.0  902.0  962.0
: 180 SE  902.0 902.0 902.0 902.0 902.0 902.0 902.0 $02.0  902.0 902.0
181 sQ 0.0 80.0 120.0  230.0 1145.0 1980.0 2670.0 2670.0 2670.0 2670.0
182 SQ 2670.0 2670.0 2670.0 2670.0 2670.0 2670.0 2670.0 2670.0 2670.0 2670.0
183 SE 886.0 8B87.07 §88.07 889.07 890.07 891.07 8£92.07 892.07 892.07 892.07
184 SE 892.07 §92.07 8%2.07 892.07 892.07 892.07 892.07 B892.07 892.07 B892.07
. 185 KK £0B
186 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
187 KM  L=1.03 Lea=0.35 §=22.68 Kn=0.200 LAG=108
188 KM  S-GRAPH TYPE=AGRICULTURE
. 189 KO 0 0 0.0 1 22
: 190 BA 0.5744
f 191 LG 0.462 0.249 4.158 0.551  3.254
192 Ul 0.0 1%.6%1  30.14  73.81 110.38 144.98 164.75 164.75 142.78 142.23
193 UI 1¢6.31 87.94 64.4 56.91 35,6 28.82  23.22 17.91  14.4% 11.13
194 Ul 11.13 3.84 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45
195 uI 2.45 2.45 2.45 0.0
1 HEC-1 INPUT
PAGE 5
LINE ID....... oo 2. I dovioa.. B, [, T B..inin - RN 10
196 KK F&B
197 KM  COMBINE STORAGE HYDROGRAPH FROM FSB WITH RUNOFF FROM 60B @ F4B
198 ZW  A=RBW B=F6B C=FLOW E=15MIN F=100Y6H-EX
149 KO 0 0 5.0 ¢ 22
200 HC 2
201 KK 52A
202 KM  THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
203 KM  L=0.92 Lea=0.57 §=6.91 Kn=0.200 LAG=156
204 KM S-GRAPH TYPE=AGRICULTURE
205 KO 0 0 0.0 1 22
206 BA 0.3127
207 LG 0.497 ¢.25 3.966 0.439 0.364
208 Uz 0.0 7.39 7.39  14.03  25.52  42.85 41.09 54.59 61.74 62.1
209 Uz 62.1 55.89 52.16 54.02 38.81 41.05 29.04 24.79% 21.13  20.13
210 Ul 13.59% 11.94 9.45 8.85 6.75 6.75 4.89 4.2 4.2 4.2
211 Ul 1.32 0.92 0.92 0.92 0.92 0.52 0.92 0.92 0.92 0.92
212 Ut 0.92 0.92 0.92 0.92 0.92 0.52 0.92 0.0
213 KK FSAF6A  CNAME FSA

215 KO 0 g 0.0 0 22

'. 214 KM STORAGE RCOUTE FROM F5A TO F6A THROUGH SPRR TRESTLE
216 RS i ELEV 894.0 0.0
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217
218
219
220
221
222
223
224

225

227
228
229
230
231
232
233
234
235

236
237
238
239
240

LINE

241
242
243
244
245
246
247

267
268
269
270

271
272
273
274
275
276
277

278
279
280
281
282

Pilot Study Area Modeled w/100-Year 6-Hour Storm
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sv
v
SE
SE
sQ
8Q
SE
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BREER

BA
LG
uz
uI
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KM
ZW
KO
HC

1o
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KM
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KM
KM

BA
ZR

KK
KM
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RS
RC
RX
RY

EZREHR

BA
LG
ur
ur
ur
UL
ur

KK
KM
KO
HC

KK
KM
KO
RS
RC
RX
RY
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0.0 0.02 0.64 12.51 61.76 61.76 61.76 61.76 61.76 61.76
£61.76 61.76 61.76 61.76 61.76 6l.76 &1.76 61.76 61.76 6l.76
89¢.0 8%6.0 898.0 S0C.0 902.0 902.0 202.90 902.0 90z2.0 202.0
902.0 902.0 902.0 902.0 902.0 902.0 902.0 902.0 902.0 202.0

0.0 58.1 112.2 146.6 174.0 198.5 218.5 237.6 265.3 271.8
287.4 302.2 316.3 329.7 342.7 355.2 367.2 378.9 401.2 422.3
854.0 896.4 896.9 897.4 897.9 898.4 898.9 895.4 899.9 908 .4
900.9 $0L.4 901.5 902.4 902.9 903 .4 203.9 904.4 905.4 906.4

60A
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=1.07 Lca=0.46 8=27.51 Kn=0.200 LAG=117
S-GRAPH TYPE=AGRICULTURE

0 0 ¢.0 i 22
0.4117

0.492 0.249 4.0445 ¢.541 0.795
0.0 12.98 15.15 40.42 73.45 89.47 100.76 109.02 105.38 91.39
88.17 72.54 53.81 42.04 38.73 24.09 20.15 16.03 1z2.52 11.64
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 1.62 0.0
F&A

COMBINE STORAGE HYDROGRAPH FROM FS5A WITH RUNOFF FROM 60A @ FeA
A=RBW B=F6A C=FLOW E=15MIN F=100Y&6H-EX
0 0 9.0 0 22

HEC-1 INPUT

RIDG
KA KRR N R Eh kA AN R b ARk T ARk d® I dr A gk ok kdodok ook Aok 3 v A o ok o e o o e ek ok e e e ok o e e ke ok ok ke ok e sk ok ok b
*% SUB-WATERSHED G B L e R T T
R T L T e L L TR LT
FALSE BASIN TO SIMULATE INFLOW FROM RID
0.0001
=QI A=RID RID B=1339% LAT STRUCT C=FLOW-WEIR D=02JAN1$94 E=15MIN F=RID-100-06E
G35-G4 CNAME G35
ROUTE INFLOW FROM RID CONCENTRATED AT G3S TO G4 (CHANNEL A)
0 0 0.0 o 22
1 FLOW 0.0 0.0
0.1 0.1 0.1 4594.0 0.004 0.0
0.0 250.¢ 540.0 750.0 1000.0 1333.3 1666.6 2000.0
10.0 7.5 5.0 2.5 0.¢ 3.3 6.6 10.Q
28
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=1.02 Lca=0.51 S=16.68 Kn=0.200 LAG=132
S-GRAPH TYPE=AGRICULTURE
0 0 0.0 1 22
0.3347
0.497 0.24%9 4.178 0.467 0.543
0.0 9.35 10.92 23.2 45.57 5$3.95 69.13 78.58 78.56 75.94
65.47 68.35 49.76 47.59 34.97 27.1¢6 26.43 17.02 14.62 11.55
9.62 8.54 6.55 5.31 5.31 3.82 1.17 1.17 1.17 1.17
1.17 1.17 1.17 1.17 1.17 1.17 1.17 1.17 1.17 1.17
.o

G4 CHNAME G4-GS
COMBINE ROUTED HYDROGRAPH FROM G35 WITH RUNOFF FROM 28 @ G4
0 0 0.0 a 22
2
G4-G5 CHNAME G4
ROUTE HYDRPGRAPH FRCOM G4 TO G5 (CHANNEL A}
0 0 0.0 0 22
11 FLOW 0.0 Q.0
0.1 ¢.1 0.1 7127.48 0.0045 0.0
0.0 250.0 500.¢ 750.0 1000.0 1333.3 1666.6 2000.0
10.0 7.5 5.0 2.5 0.0 3.3 6.6 16.0
30
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=1.55 Lca=0.78 5=21.93 Kn=0.200 LAG=172
5-GRAPH TYPE=AGRICULTURE
0 Q 0.0 1 22




Pilot Study Area Modeled w/100-Year 6-Hour Storm
(From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology)

Sheet 6 of 18
283 BA (.9830
284 LG 0.444 0.25 4,028 0.469 8.724
285 UI 0.0 21.08 21.08 34.8 57.4 101.7 123.34 132.0 163.67 177.05%
286 Ul 177.05 177.05 161.31 147.54 161.39 117.56 117.82 99.14 80.48 54.92
287 vl 61.01 S4.87 38.92 34 .05 28.28 26 .04 20.78 15.24 18.25 11.986
288 Ul 11.96 11.96 11.96 3.63 2.63 2.63 2.63 2.63 2.63 2.63
289 Ul 2.63 2.63 2.63 2.63 2.63 2.63 2,63 2.63 2.63 2.63
1 HEC-1 INPUT
PAGE 7
LINE ID....... b A 2. e 3.0 4. ...... |- S B, Teer B0 |- 2 L10
290 Ul 2.63 2.63 0.0
291 KK G5 CNAME G5-G&
292 KM COMBINE ROUTED HYDROGRAPH FROM (4 WITH RUNOFF FROM 30 @ GG
293 KO ) 0 0.0 0 22
294 HC 2
295 KK G5-G6 CNAME G5
296 KM ROUTE HYDRPGRAPH FROM G5 TO G& (CHANNEL A)
297 X0 0 0 0.0 0 22
298 RS 8 FLOW 0.0 0.0
299 RC 0.1 0.1 ¢.1 5820.25 0.0055 0.0
300 RX 0.0 250.0 500G.0 750.0 100G.0 1333.3 1666.6 2000.0
301 RY i0.0 7_.5 5.0 2.9 g.0 3.3 6.6 10.0
302 KK 42
303 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
304 KM L=1.56 Leca=0.78 8=22.73 Kn=0.200 LAG=172
3905 KM S-GRAPH TYPE=AGRICULTURE
3906 KO 0 Q 0.0 1 22
397 BA G.7784
3908 LG 0.497 0.25 4.279 0,452 0.465
309 Ul 0.9 16.69 16.69 27.56 45,45 80.53 97.66 104.52 1z26.6 140.19
310 Ul 140.19% 140.19 127.73 1l16.82 127.79 93.09 93,29 78.5 63.772 51.4
311 U1 48.31 A3 .45 30.82 26.98 22.38 20.62 16.46 15.24 14.45 9.47
312 U 9.47 9.47 9.47 2.87 2.09 2.09 2.09 2.09 2.09 2.09
313 uI 2.09 2.09 2.09 2.09 2.09 2.09 2.09 2.09 2.09 2.09
314 [ 2.65% 2.00 a.0
315 KK 36 CNAME G6-G7
316 KM COMBINE ROUTED HYDRCGRAPH FROM G5 WITH RUNOFF FROM 42 @ Gé&
317 KQ 4] 0 0.0 0 22
3lse HC 2
319 KK G6-G7 CNAME G&
320 KM ROUTE HYDRPGRAPH FROM G& TO G7 {(CHANNEL A)
321 KC 0 0 0.0 0 22
322 RS 4 FLOW 0.0 0.0
323 RC 0.1 0.1 0.1 2613.05 0.0069 0.0
324 RX 0.0 250.0 $00.0 750.0 1000.0 1333.3 1666.6 2000.0
az2s5 RY 10.0 7.5 5.0 2.5 £.0 3.3 6.6 10.0
326 KK 53
327 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BARASIN
328 M L=0.91 Lca=0.46 5=23.93 n=0.200 LAG=113
329 KM S-GBRAPH TYPE=AGRICULTURE
330 KO 0 0 0.0 1 22
321 BA 0.3385
332 LG 0.5 Q.25 3.997 0,444 0.0
313 UI 0.0 11.05 16.13 37.6 62.38 76.97 90.56 92,81 85.6 80.28
334 Ul 66.07 58 .87 41.62 31,91 28.17 18.87 14.88 12.13 10.0% 7.44
335 uI 6.27 6.27 1.84 1.38 1.38 1.38 1.38 1.38 1.38 1.38
336 ur 1.38 1.38 1.38 1.38 0.0
1 HEC-1 INPUT
PAGE B
LINE ID....... 1....... 2. 000 e 4....... =P Bavir.n i N 2 [ 2 10
337 KK a7 CNAME G7-GB
338 KM COMBINE ROUTED HYDROGRAPH FRCOM G6 WITH RUNOFF FROM 52 a7
339 KO 0 0 Q.0 +) 22
340 HG 2
341 KK G7-G8 CNAME G7
342 KM STORAGE ROUTE FROM G7 TC G8 THROUGH SPRR TRESTLE
343 KO 0 0 0.0 Q 22
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. 344 RS
345 gV 0.

1 ELEY 888.0 0.0
V] .8 4.25 26.94 108.66 257.97 448.6 449.6 449.6 449.6
346 sV 449.6 449.6 449.6 449.6 449.6 449.6 148.6 449.6 449.6 449.6
347 SE 8B8.0 89G.0 892.0 8%4.0 89&.0 898.0 900.0 900.0 500.0 900.0
48 SE 200.0 $00.0 900¢.0 %00.0 900.0 900.0 900.0 90¢.0 500.0 900.0
149 sQ .0 100.0 200.0 480.0 1480.0 2060.0 2520.0 2900.0 2500.0 2900.0
150 5Q 2900.0 2%00.0 2900.0 2%00.0 2%00.0 2900.0 2900.0 2900.0 2900.0 2900.0
asl SE 888.0 888.07 889.07 B%0.07 891.07 892.07 8%3.07 894.07 894.07 894.07
52 SE 894.07 894.07 B894.07 B8%4.07 894.07 89%94.07 8%4.07 894.07 8%4.07 894.07
353 KK 61
354 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
355 KM L=0.90 Leca=0.45 5=23.00 Kn=0.200 LAG=113
356 KM $-GRAPH TYPE=AGRICULTURE
357 KG 0 o] 0.0 1 22
358 BA 0.5081
359 LG 0.484 0.248 3.965 0.464 2.234
360 Ur 0.0 16.58 24.21 56.43 93.62 115.52 135.92 139.3 128.47 120.46
361 UI 99.16 88.35 €2.47 47.9 42.28 28.31 22.33 ig.21 15.14 11.17
362 Ul 9.41 9.41 2.76 2.07 2.07 2.07 2.07 2.07 2.07 2.07
363 Ut 2.07 2.07 2.07 2.07 ¢.0
364 KK G8
365 KM COMBINE STORAGE HYDROGRAPH FROM G7 WITH RUNOFF FROM 61 @ G8
366 W A=RBW B=G8 C=FLOW E=15MIN F=100Y6H-EX
367 KG 0 0 ¢.0 0 22
368 HC 2
369 KK RIDH
370 KM A kA E AR KA R ke Nk Rk rddede bk dh btk br A A A A Ak kA A A NA bbbk kb kb hhdhrdik
371 KM * % SUB_WATERSHED BE dkkdkkkk kA h kAR Ak ARN A AR kAN AR bk bk kr bk hohk ok kb hk®
372 w R E T R R R A R R R R R R SRR RS AR E AL SRR RS Rl s LS
373 KM FALSE BASIN TQO SIMULATE INFLOW FRCM RID
374 BA 0.0001 :
375 ZR =QI A=RID RID B=19799 LAT STRUCT C=FLOW-WEIR D=02JAN1994 E=15MIN F=RID-1¢0-06E
376 KK H35-H4 CNAME H3is
i 377 KM ROUTE INFLOW FROM RID CONCENTRATED AT H3S TO H4 (CHANNEL A)
‘. 378 Xo 9 0 0.0 0 22
379 RS 1 FLOW 0.0 0.0
380 RC 0.1 0.2 ¢.110193.17 0.005 0.0
381 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0
382 RY 10.0 1.5 5.0 2.5 0.0 3.3 6.6 10.0
1 HEC-1 INFUT
PAGE 9
LINE ID....... 1.0+ 2.0, K IO 4. 5....... Gaiiiinn Tovianas 8....... G...... 10
383 KK 31
384 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
k:13 KM L=1.53 Loa=0.97 8=26.40 Kn=0.200 LAG=196
386 KM S-GRAFH TYPE=AGRICULTURE
387 KO Q9 o] ¢.0 1 22
388 BA 1.0788
389 KM ENTELLUS CHANGED THE IA TO 1.¢ INCHES
390 XM ENTELLUS CHANGED THE DTHETA TO 0.19
391 LG 1.0 0.19 4.018 0.456 0.852
ag2 uI 0.0 20.3 20.3 26.01 42.82 75.47 110.82 116.22 130.81 156.48
393 UI 170.49 170.49 170.49 170.49 143.%7 142.08 158.6 111.16 110.82 106.73
194 U1 79.11 71.861 59,1 &0.85 49.18% 37.72 32.79 29.13 25.07 23.42
385 Ul 18.53 1B.53 16.79 11.52 11.52 11.52 11.52 7.81 2.54 2.54
396 Ul 2.54 2.54 Z.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54
397 UI 2.54 2.54 2.54 2.54 Z.54 2.54 2.54 2.54 2.54 0.0
io9s KK H4 CNAME H4-H5
399 KM COMBINE ROUTED HYDROGRAPH FROM H3S$ WITH RUNOFF FROM 21 @ H4
400 KC 0 0 0.0 1] 22
401 HC 2
402 KK H4-HS CNAME H4
403 KM ROUTE HYDRPGRAPH FROM H4 TC HS (CHANNEL B)
404 KC 0 0 0.0 0 22
405 RS 5 FLOW 0.0 0.0
406 RC ¢.1 0.02 0.1 5382.76 0.0059 ¢.0
407 RX 0.0 1000.0 1006.0 1010.0 1050.¢ 1054.0 1060.0 2060.0
0 ¢.0

. 408 RY 19. 0.0 0.0 1.0 1.0 0.0 10.0
409 KK 43
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THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=1.92 Loa=0.96 $=20.85 Kn=0.200 LAG=204
5-GRAPH TYPE=AGRICULTURE
0 0 0.0 1 22
1.0022
ENTELLUS CHANGED TEE IA TO 1.0 INCHES
ENTELLUS CHANGED THE DTHETA TQ 0.19
1.0 0.19 3.958 0.425 0.66
G.0 18.12 18,12 20.99 38.04 57.93 94.1 108.05
144.35 152.18 152.18 152.18 142.03 126.81 135.44 126.81
87.2 69.17 £1.58 52.32 54.64 42.82 33.73 29.26
21.91 16.54 16.54 16.54 10.58 10.28 10.28 10.28
2.26 2.26 2.26 2.2¢6 2.286 2.26 2.28 2.26
2.26 2.28 2.26 2.28 2.26 2.26 2.286 2.26
2.26 0.0
HS CNAME H5-Hé
COMBINE ROUTED HYDROGRAPH FROM H4 WITH RUNOFF FRCM 43 @ HS
1] 0 0.0 0 22
2
HEC-1 INPUT
....... e . S N - S - S I :
H5-Hé CNAME HS
RCUTE HYDRPGRAPH FROM HS TO Hé (CHANNEL B)
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 Q.0 1.0 1.0 0.0 0.0 10.0
54
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=1.20 Lca=0.60 8=12.35 Kn=0.200 LAG=157
5-GRAPH TYPE=AGRICULTURE
o 0 0.0 1 22
0.3861
BENTELLUS CHANGED TEE IA TO 1.0 INCHES
ENTELLUS CHANGED THE DTHETA TO 0.19
1.¢ 0.19 4.0 9,447 0.9
0.0 9.07 9.07 17.07 30.66 52.22 0.2 67.4
76.18 69.41 63,49 68.13 47.62 51.29 35.97 31.2
17.4G1 14 .65 12.06 11.2 8.346 8.28 6.51 5.15
2.36 1.13 1.13 1.13 1.13 1.13 1.13 1.13
1.13 1.13 1.13 1.13 1.13 1.13 1.13 0.0
Hé CNAME H6-H7
COMBINE ROUTED HYDROGRAPH FROM HS WITH RUNOFF FROM 54 @ HE
0 0 0.9 Q 22
2
He-H7 CNAME Hé
STORAGE ROUTE FROM Hé TO HY THRQUGH SPRR TRESTLE
1] 0 0.0 0 22
1 ELEV B90.0 0.0
0.0 0.45 30.43 148.25 336.08 336.08 336.08 336.08
336.08 336.08 326.08 336.08 336.08 336.08 336§.08 336.08
890.¢ 892.0 894 .0 886.0 898.¢ 898.0 838.0 898.¢
898.0 898.0 898.0 8%8.0 898.0 8og .o 828.0 898.0
0.0 185.0 720.0 1025.0 1075.0 1150.0 1355.0 1800.0
1800.0 1800.0 1800.0 1800.0 1800.0 18C0.0 1800.0 1800.0
89¢.0 891.07 893.47 895.47 895.57 895.67 895,77 895.87
895.87 895.87 B95.87 895.87 89%.87 895.87 8$5.87 895.87
62
TEE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=0.98 L¢a=0.4% S=21.54 Kn=0.200 LAG=122
S-GRAPH TYPE=AGRICULTURE
0 o 0.0 1 22
0.5717
ENTELLUS CHAMNGED THE IA TO 1.0 INCHES
ENTELLUS CHAGEND THE DTHETA TC (.19
1.0 0.19 4,203 G.444 0.473
0.0 17.28 22.83 47 .88 97.83 104.21 138.24 145.18
130.72 91.16 B39.45 63.88 49_84 45 .53 30.22 24 .7
14.37 2.81 2.81 §.08 2.16 2.16 2.}é 2.18&

107.28
95.11
26.57
10.28

2.286
2.28

T4.77
25.88
5.15
1.12

i45.18
20.76
2.16

138.7
102.81
22.38
2.91

16.18
25.91
5.15
1.13

336.08
336.08
23%8.0
858.0
1800.0
1800.0
835.87
8395 .87

124.21
15.78
2.16
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. 478 Ul 2.16 2.18 2.16 2.16 2.1a 2.16 2.16 0.0
1 HEC-1 INPUT
PAGE 11
LINE ID....... 1o 2.0 ... i 4,...... S Buviiviens i R 8....... 9. ... 1¢
479 KK H7
480 KM COMBINE STORAGE HYDROGRAPH FROM He WITH RUNOFF FROM 62 @ H?7
481 ZW A=RBEW B=H7 C=FLOW E=15MIN PF=100Y&H-BEX
482 KO ) 0 0.0 Q 22
483 HC 2
484 KK RIDI
485 KM *************k******'{************i*****************************************i*
486 m Wk SUB_WATERSHED I t***it**i*i***t*****i*********i*******************‘ﬁ**i
487 KM i******************1{*********************************************************
488 kM FALSE BASIN TQ SIMULATE INFLOW FROM RID
489 BA 0.0001
490 ZR =0QI A=RID RID B=24399 LAT STRUCT C=FLOW-WEIR D=02JAN1994 E=1S5MIN F=RID-100-06E
491 KK 128-13 CNAME 128
492 KM ROUTE INFLOW FROM RID CONCENTRATED AT I2S TO I3 (CHANNEL A}
493 KO i) 0 0.0 0 22
494 RS 1 FLOW 0.0 0.0
495 RC 0.1 Q.1 0.1 B174.00 0.005 0.0
496 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1&66.&6 2Z000.0
497 RY 10.0 7.5 5.0 2.5 0.¢ 3.3 6.6 10.¢
4598 KK 32
439 KM THE FOLLOWING EBARBMETERS WERE PROVIDED FOR THIS BASIN
500 KM L=1.84 Leca=0.92 8=24.234 Kn=0.200 LAG=192
501 KM S-GRAPH TYPE=AGRICULTURE
502 KO Q 0 0.0 1 22
503 BA 0.B8%59
504 LG 0.493 0.249 4.0 0.515 1.1486
505 Ul 0.0 17.21 17.21 23.11 36.51 68.18 97.57 94.68 119.268 132.99
506 Ul 144.55 144.55 144.5% 139,72 120.4¢ 127.21 121.42 90.35 99.1 77.05
. 507 uI 65.71 54.78 48 .6 3.0 32.85 29.42 27.69 21.26 21.26 16.6
508 U1 15.71 15.71 10.39 Q.77 9,77 9.77 8.55 2.15 2.15 2.1S
509 U1 2.15 2.18 2.15 2.15 2.15 2.15 2.16 2.15 2.1% 2.18
510 U1 2.15 2.15 2.15 2.15 2.16 2.15 2.15 2.16 0.0
5il KK I3 CNAME I3-I4
512 KM COMBINE ROUTED HYDROGRAPH FROM I2S WITH RUNOFF FROM 32 @ 13
513 KO [+] O 0.0 ) 22
514 HC 2
518 KK I3-14 CNAME I3
51& KM RCUTE HYDRPGRAPH FROM I3 TC I4 (CHANNEL B)
517 KO 0 0 0.0 0 22
518 RS 10 FLOW 0.0 0.0
51% RC 0.1 0.02 0.110387.48 0.0042 0.0
520 RX 0.0 1000.0 1006.0 1010.0 1050.0 1054.0 1060.0 2060.0
521 RY 10.0 0.0 0.0 1.0 1.0 0.0 0.0 10.0
1 HEC-1 INPUT
PAGE 12
LINE ID....... 1....... 2. K I oo oS [ i AP 8....... 9. 10
522 KK 44
523 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
524 KM Li=3.97 Leca=0.98 5=22.43 Kn=0.200 LAG=205
525 KM 8-GRAPH TYPE=AGRICULTURE
526 KO 0 Q 0.0 1 22
527 BA 1.006%
528 pe) 0.474 0.25 4.138 0.485 5.217
529 vl 8.0 18.11 18.11 20.7 38.04 57.4 93,3 108.09% 106.09 139.54
530 U 142.37% 152.15% 1%2.15 152.1% 143,77 126.8 133.98 130.%92 95.1 101.27
531 Ul 90.64 69.78 63.13 52.71 54.03 45.67 34.4 29.26 27.49 22.38
532 Ul 22.38 16.93 16.54 16.54 11.59 10.28 10.28 10.28 10.28 4.4
533 Ul 2.26 2.26 2.26 2.26 2.26 2.26 2.26 2.26 2.26 2.26
B34 Ul 2.26 2.26 2.26 2.26 2.26 2.26 2.268 2.26 2.26 2.28
535 I 2.26 2.26 0.8

- 536 KK I4 CNAME I4-1I5
537 KM COMBINE ROUTED HYDRQGRAPH FROM I3 WITH RUNCFF FRCM 44 @ Id4
L 538 KO ¢ o 0.0 o 22
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. 53% HC 2

540 KK 14-15 CNAME 14
541 KM  ROUTE HYDRPGRAPH FROM I4 TO IS (CHANNEL A}
542 KO 0 [+} 0.0 0 22
543 RS 4 FLOW 0.0 0.0
544 RC 0.1 0.1 0.1 2589.27 0.0035 0.0
545 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0
546 RY 16.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0
547 KK 85
548 KM THE FOLLOWING BARAMETERS WERE PRCVIDED FOR THIS BASIN
549 KM L=0.97 Leas=0.48 $=12.83 Kn=0.200 LAG=133
550 KM  S-GRAPH TYPE=AGRICULTURE
551 KO 0 0 0.0 1 22
552 BA 0.2627
553 LG 0.5 0.25 4.128  0.446 0.0
554 uI 0.0 7.29 8.3  17.86 34.8  41.86  §3.41 6L.2 61.2 59.84
555 UI 51.0 54.32 38.38 38.38 27.91 21.37 21.37 13.58 11.79 9.0
556 uI 7.84 6.65 5.51 4.14 4.14 3.58 0.91 0.91 0.91 ¢.91
557 ur 0.91 0.91 0.91 ¢.91 0.91 0.91 0.91 0.91 ¢.91 0.91
558 ur 0.0
559 KK IS5 CNAME  15-1I6
560 KM COMBINE ROUTED HYDRCGRAPH FROM I4 WITH RUNOFF FRCM 55 @ IS
561 KO 0 0 0.0 0 22
562 HC 2
563 KK  15-1I6 CNAME 15
564 KM  STORAGE ROUTE FROM IS5 TO I6 THROUGH SPRR TRESTLE
565 KO ¢ [+ 0.0 0 22
566 RS 1 ELEV ~ 892.0 0.0
567 sv 0.0 0.1 25.1 124.92 273.66 273.66 273.66 273.66 273.66 273.66
568 8V 273.66 273.66 273.66 273.66 273.866 273.66 273.66 273.66 273.66 273.68
569 SE 892.0 854.0 B896.0 898.0  900D.0 900.0 900.0  900.0  900.0  $00.0
570 SE  900.0 900.0 908.0 900.0 900.0 S00.0 900.0 900.0  900.0  S00.0

. 1 HEC-1 INPUT

. PAGE 13

LINE ID....... l....... 2....... kP 4. | J [P T 8. ... 9. ... 10
571 80 0.0 €0.0 150.0 221.0 400.0  830.0 1132.0 1488.0 1892.0 1892.0
572 80 1892.0 18%2.0 18%2.0 18%2.0 1892.0 1892.0 1892,0 1852.0 1892.0 1892.0
573 SE B92.00 8%4.08 895.18 895.88 £96.08 896.28 896.38 B96.48 896,58 B896.58
574 SE BY96.58 89%6.58 896.58 B896.58 696,58 896,58 896.58 B96.58 B896.58 896.58
575 KX 63
576 KM  TEE FOLLOWING PARAMETERS WERE PROVIDED FCR THIS BASIN
577 KM  L=0.95 Lca=0.47 5=20.27 Kn=0.200 LAG=120
578 KM  S-GRAPH TYPE=AGRICULTURE
579 KO 0 0 0.0 1 22 .
580 BA 0.4994
581 LG 0,396 0.25 4.1%2  0.398 20.751
582 ur 0.0 15.35 20.75 44.48 87.02  96.69 123.47 128.92 128.92 107.43
583 UL 111.73 B82.37 73.51 54.08 44.%81. 35.79 25.69 20.36 16.98 14.01
584 UL 11.04 8.71 8.71 4.64 1.92 1.92 1.92 1.92 1.92 1.92
585 ur 1.92 1.92 1.92 1.92 1.92 1.92 0.0
586 KK 16
587 KM  COMBINE STORAGE HYDROGRAPH FROM IS5 WITH RUNOCFF FROM 63 @ I6
588 ZW  A=RBW B=I6 C=FLOW BE=1SMIN F=100Y6H-EX
589 KO 0 0 0.0 0 22
590 HC 2
591 KK  RIDJ
592 KM LEZ AR SRR EE SRS 2RSS 2R R R RS R LS R R R R E R LR RE SIS TR RS R L EEE TR L S L 5
593 KM LE. ] SUB_WATERSHED J A A SRR AR AR SRR LR E R PR LY EEES SRR N LTSRS R R E L LR L & 4
594 KM LR L2222 2R RS SRR RS R R R R T E R RS R E R S I EE R RIS L]
595 KM  FALSE BASIN TC SIMULATE INFLOW FROM RID
596 BA 0.0001
597 ZR =QI A=RID RID B=27599 LAT STRUCT C=FLOW-WEIR D=02JAN1994 E=15MIN F=RID-100-06E
598 KK J3S8-J4  CNAME J38
599 KM  ROUTE INFLOW FROM RID CONCENTRATED AT J38 TO J4 (CHANNEL A)
€00 KO 0 0 0.0 0 22

601 RS FLOW 0. 0.0

2.5 0.0

G604 RY 10.

7.5 5. 6.6 i0.0

1 o
602 RC 0.1 0.1 0.1 B056.46 0.007 0.0
603 RX 0.0 250.¢ 500.0 750.0 1000.0 1333.3 1666.6 2000.0
. [ 9 3.3




Pilot Study Area Modeled w/100-Year 6-Hour Storm
{From: 2004 Buckeye Sun Valley ADMS, and modified with proposed changes to the District methodology)

Sheet 11 of 18

.' 605

KK 33
606 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
&07 KM  L=1.84 Lea=0.92 §=29.30 Kn=0.200 LAG=185
608 KM  §-GRAPH TYPE=AGRICULTURE
609 KO 0 0 0.0 1 22
610 BA 1.0024
611 LG 0.497 0.249  3.962 0.44  0.529
612 Ul 0.0 1%.98 1%$.96 28.9% 46.91 85.21 117.85 168.17 155.0 152.26
612 UI 167.85 167.85 167.85 149.2 13%.88 152.37 115.61 108.99 103.56  77.29
614 ur 67.9 57.35 62.19 40.17 34.82  32.28 24.56 24.68 19.1  18.24
615 UI  18.0 11.34  11.34  11.34  11.34 7.21 2.5 2.5 2.5 2.5
616 Ul 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
617 U1 2.5 2.5 2.5 2.5 2.5 2.5 0.0
1 HEC-1 INPUT
PAGE 14
LINE ID....... | 2. 3oieann a....... LN Guvinnns T : ... 10
618 KK J4  CNAME  J4-J5
619 KM  COMBINE ROUTED HYDROGRAPH FROM J38 WITH RUNOFF FROM 33 @ J4
620 KC ¢ 0 0.0 0 22
621 HC 2
622 KK J4-J5  CNAME J4
623 KM  ROUTE HYDRPGRAPH FROM J4 TO J5 (CHANNEL A}
624 KO 0 0 o.c 0 22
&25 RS 5 FLOW 0.0 0.0
626 RC 0.1 0.1 0.1 5307.06 0.0077 0.8
§27 RX 0.0 250.0 500.¢ 750.0 1000.0 13323.3 1668.6 2000.0
628 RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0
629 KK 45A
630 KM THE FOLLOWING PARAMETERS WERE PROVIDED F¥OR THIS BASIN
631 KM  L=1.97 Lea=0.99 8=25.14 Kn=0.200 LAG=201
632 KM  S§-GRAPH TYPE=AGRICULTURE
. 633 KO 0 0 6.0 1 22
. 634 BA 1.0027
635 LG 0.496 0.25 3,953  0.441 0.243
636 ur 0.0 18.4 18.4 22.16 3B.63 61.78 96.59 105.53 112.56 138.24
637 UL 152.55 154.54 154.54 154.54 139.08 128.78 137.41 120.73  96.59 109.05
638 UL 76.17 70.24 57.78 51.92 58.1%  35.12 32,2 29.72  24.14 22.73
639 UL  19.64 16.8 16.8 14.01 10.44 10.44 10.44 10.44 6.53 2.3
640 UL 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
641 ur 2.3 2.3 2.3 2.3 2.3 2.2 2.3 2.3 2.3 2.3
642 ur 2.3
643 KK J5A CNAME JSA-5B
644 KM  COMBINE ROUTED HYDROGRAPH FROM J4 WITH RUNCFF FROM 45A @ J5A
645 KO 0 0 0.0 0 22
646 HC 2
647 KK JShA-58B  CNAME J5A
648 KM  ROUTE HYDRPGRAPH FROM J5A TO J5B (CHANNEL A)
649 KO 0 0 6.0 0 22
650 RS 6 FLOW 0.0 0.0
651 RC 0.1 0.1 0.1 2736.25 0.0015 0.0
652 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0
653 RY 10.¢ 7.5 5.0 2.5 0.0 3.3 5.6 16.0
654 KK 45B
655 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
656 KM  L=0.52 Lea=0.26 S=B.59 Kn=0.200 LAG=89
657 KM  5-GRAPH TYPE=AGRICULTURE
658 KO 0 [+ 0.0 1 22
659 BA 0.1397
660 LG 0.351 0.25 3.96% 0.417 29.714
661 uI 0.0 5.79 11.9  3¢.23 38.5 48.58  48.11 41.75  34.63 28.1
662 Ul  18.91 15.22 9.82 7.25 5.39 4.12 3.29 2.3 0.72 ¢.72
663 UL 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.0
1 HEC-1 INBUT
PAGE 15
LINE ID. ... 1o...... 2. 3o, 4....... [ [ D - N [T 10

664 KK JEB CNAME J5E-J6
665 KM COMBINE ROUTED HYDRCGRAPH FROM J5A WITH RUNOFF FROM 45B @ J5B
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666 KO 0 2} 0.0 Q 22
667 HC 2
668 KK J5B-J6 CNAME J5B
669 XM STORAGE ROUTE FROM J5B TO J6 THROUGCH SPRR TRESTLE
670 Ko 0 4} 0.0 0 22
671 RS 1 ELEV 852.0 0.0
672 sV 0.0 20.33 91.45 223.99 223,995 223.99 223,99 223.99 223.99 223,99
673 Sv  223.99 223.%9 223.99 223.99 223.9%9 223.99 223.99 223.99 223.99 223.99
674 SE 892.0 894.0 856.0 898.0 898.0 858.0 898.0 €898.0 8498.0 898.0
675 SE 898.0 898.0 858.¢ 898.0 898.0 as8.¢ 898.0 898.0 898.¢ 898.0
676 50 0.0 150.0 230.¢ 308.0 825.0 1144.6 1970.0 197¢.0 1870.0 1970.0
&77 SQ  1970.0 1970.0 187¢.0 1870.0 1970.0 1970.0 1970.0 1%70.0 1970.0 1970.0
678 SE 892.0 B893.68 895.08 B895.48 B895.68 895.88 B8%6.08 B895.08 896.08 B896.08
679 SE 896.08 896.08 896.08 B896.08 8986.08 896,08 896.08 B896.08 896.08 B896.08
680 KK 64
681 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
682 KM L=0.89 Lga=0.45 5=17.94 Kn=0,200 LAG=117
683 KM S-GRAPH TYPE=AGRICULTURE
684 KO Q 0 0.0 1 22
GBS BA 0.4148
686 LG 0.491 0.248 4,357 0.445 1.184
687 uI 0.0 13.¢7 18.28 40,72 73.99 90.13 101.51 109.82 106.16 $2.07
688 Ul 88.82 73.87 54.21 42.35 39.02 24.27 20.3 16.15 12.61 11.73
689 UI T.42 7.42 §.49 1.63 1.63 1.63 1.63 1.63 1.63 1.63
690 ‘ UI 1.63 1.63 1.63 1.63 1.63 6.0
691 KK J6
692 KM COMBINE STORAGE HYDRCGRAFPH FROM JSB WITH RUNCFF FROM 64 @ J6
&893 ZW A=RBW B=Jt C=FLOW E=1S5MIN F=100Y&H-EX
694 KO ] ¢ 0.0 0 22
685 jcled 2
696 ZZ

SCHEMATIC DIAGRAM OF STREAM NETWORK

INPUT
LINE (v} ROUTING (---») DIVERSION OR PUMP FLOW

NO. (.) CONNECTOR {«~--) RETURN OF DIVERTED OR PUMPED FLOW

35 68
v
v
50 E1-E2

62
71
76
83
90
101
105
112
124
i28

135
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v
. v
152 . F4 -F5B
159 . . 528
169 . FSB.....ovvuun
v
. v
173 . F5BF&B
185 . . 60B
196 . F6B............
201 ' B . 5247
v
. . v
213 - - FSAFEA
225 - . . 60A
236 . . FeA............
241 . . . RIDG
v
. . . v
. 248 . . . (G35-G4
255 . . . . 28
267 . . - Gad. ..ol
v
. . - v
271 . . - G4-G5
278 . . . . 30
291 . . . G5, i
v
. . . v
285 . - . G5-G6
302 42
315 . . . G&.ouviuiin L.
v
. . . v
319 . . . G6-G7
326 . . . . 53
337 . . - G7.... .. ...,
v
v

341 . . . G7-38

. 353 . B . - 61
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. 364 . . . GB............

169 . . . . RIDH
v
. . . . v
176 . . . . H35-H4
383 . . . . ] 31
398 . . . ) Hd'ooeoonnn
'
. . . . v
402 . . . . H4-H5
409 . ] ) . . 43
425 . . . . HS. . evvrinnnss
v
. ) ; . v
429 ; . ] ] H5-H6
436 54
450 . . . . HEu ' vvirinnen,
v
. . . . v
454 . . . . H6-H7
466 ] . . ) . 62
. 479 . . . . £ S
484 . . . . . RIDI
v
. . . . ] v
451 . . . . . 128-13
458 . . . . . ; 3z
511 ; . ) . . T3
v
. . . . . v
515 . . . . . 13-14
522 . ; ] ] . . 44
536 . . . . . 2
v
. . . . . v
540 . . . . . 14-1I5
547 . . B B . B 5%
559 . . . . ) IS i i ..
v
v
563 15-16
575 . . . . . . 63

. 586 . . . . . T6oeiiinnns
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59l . - . . . . RIDJ

'
. - . . - . v
598 . . . . - . J3s5-J4
605 . . . . . . - 33
6ls Jdoooaa
v
. . - . . - v
€22 - . - . . . Ji-J5
&29 - . - - . . . 454
643 - . - . . B JBR.. .o
v
- - - . . - v
647 . - . . - . J5A-5B
654 . - . . - . B 45B
664 . - . . . . J5B. . o ivi i
v
- . . . . . . v
. 668 . . . . . . J5B-J6
680 . . . . . . . 64

. 691 . . . - . . Jé. ..ol

(***} RUNOFF ALSQ COMPUTED AT THIS LOCATION

1
RUNOFF SUMMARY
, FLOW IN CURIC FEET PER SECCND
: TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM

TIME OF
OPERATICH STATION FLOW PEAK AREA STAGE

MAX STAGE

+ 6-HOUR 24 -HOUR 72-HCUR
HYDROGRAFH AT

+ 68 694, 4.50 64, 16. 5. 0.41
ROUTED TOQ

+ El-E2 453. 4.75 62. i6. 5. G.41
HYDROGRAPH AT

+ 59 203 4.75 41 10. 3 0.25
2 COMBINED AT

+ E2 625 4.75 99 25 g 0.66
HYDROGRAPH AT

+ RIDF 298. 6.25 is2. 46. 15. 0.090
ROUTED TC

+ Flg8-F2 238. 7.75 167. 46 . 15. 0.0¢
HYDROGRAPH AT

+ 27 84 5.7% a3 8 3 0.24

2 COMBINED AT

. ROUTED TO
+ F2-F3 255. 8.50 182. 54. 13. 0.24
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HYDROGRAFH AT
29

2 COMBINED AT
F3

ROUTED TO
F3-F4

HYDROGRAPH AT
41

2 COMBINED AT
F4

ROUTED TO
F4-F&B

HYDROGRAPH AT
52B

2 COMBINED AT
F5B

ROUTED TO
F5BFGB

HYDROGRAPH AT
60B

2 COMBINED AT
FéB

HYDROGRAPH AT
52A

ROQUTED TO
FSAF6A

HYDROGRAFH AT
&0R

2 COMBINED AT
F&h

HYDROGRAPE AT

RIDG
ROUTED TO
G38-G4
HYDROGRAPH AT
28
2 COMBINED AT
G4
ROUTED TO
G4-G5
HYDROGRAPH AT
30
2 COMBINED AT
G5
ROUTED TO
G5-G6
HYDROGRAPH AT
42
2 COMBINED AT
G&

ROUTED TO
G&-37
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. HYDROGRAFH AT
+ 53 129. 5.75 50. 13. 4. 0.24

2 COMBINED AT

ROUTED TO
+ G7-G8 469, 10.25 345. 126. 42. 2.43

HYDROGRAPH AT
2 COMBINED AT
HYDROGRAPH AT

+ RIDH 427 . 6.50 189. 47. 16. 0.00

ROUTED TO
+ H38-H4 18¢. 8.50 137. 47. 16. ¢.00

HYDROGRAFH AT
+ 31 173. 6.75 1906. 30. 10. 1.08

2 COMBINED AT

ROUTED TO
+ H4-H5 314. 8.75 222. 76. 26. 1.08

HYDROGRAPH AT

+ 413 161 7.00 102 25 10 1.00
2 COMBINED AT
+ HS 403. 8.25 279. 7. 33. 2.08
ROUTED TO
+ HS-H6 393. 8.75 278. 97. 33. 2.08
. HYDROGRAPH AT
+ 54 20 6.50 47 12 A. 0.39

2 CCMBINED AT
+ He 406. 8.75 290. 104. 35. 2.47

ROUTED TO
* Heé-H7 397. 9.00 290. 104. E1N 2.47

HYDROGRAPH AT
+ 62 167. 6.00 70. i8. 6. 0.57

; 2 COMBINED AT

" + H? 400 8.75 367 113 38 3.04
HYDROGRAPH AT
+* RIDI 373. 6.00 23. 6. 2. 0.00
ROUTED TO
+ I28-1I3 56. 6.75 10. 2. 1. Q.00

HYDROGRAFH AT )
+ 32 176. 6.75 106. 29. 10. C.50

2 COMBINED AT
ROUTED TO
+ I3-14 181. 9.00 104. 3z2. 11. 0.90

HYDROGRAPH AT

2 COMBINED AT

RCUTED TO

' + I4-15 245. 9.50 175. 61. 20. 1.90
. HYDROGRAPH AT
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. + 55 85. 6.00 38. 10. 3. 0.26

2 COMBINED AT
+ IS 243, 9.50 188. 67. 22. 2.17

ROUTELD TO
+ I5-16 220. 9.75 171, 67. 22. 2.17

HYDROGRAPH AT
2 COMBINED AT
+ Is 250. 5.75 206. 87. 25, 2.66

HYDROGRAFPH AT
+ RIDJ 237. 6.00 64. 16. 5. .00

ROUTED TO
+ F35-J4 82, 7.25 51. 16. 5. 0.00

HYDROGRAPH AT
2 COMBINED AT
ROUTED TO

+ J4-J5 273. 8.00 170. 51. 17. 1.00

HYDROGRAPH AT
+ 45A 197. 7.00 123. 34. il. 1.00

; 2 COMBINED AT
' . J58 406.  8.00 258. 78. 15, 2.01

ROUTED TO
+ J5A-5B 393. 8.75 254. 78. 26. 2.01

HYDROGRAPH AT
+ 45B 20. 5.25 30. §. 3. 0.14

2 COMBINED AT
+ JEB 393, 8.75 257. 84. 28, 2.14

ROUTED TO
+ JSBE-J6 222. 10.75 204. 84. 28. 2.14

HYDROGRAPH AT
+ 64 152. 5.75 61. le6. 5. 0.41

2 (CCMBINED AT
+ Je 222. 10.75 207. 95. 32. 2.56

**+ NORMAL END OF HEC-1 #*#%*

~~~~~ DS5---2CLOSE Unit: 71, File: C:\temp\al.dss
Peointer Utilization: 1.44
Number of Records: 2108
File 8ize: 11285.5 Kbytes
Percent Inactive: ¢.0
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1*********************i***i************t**
kkhkkdehdekkkh ok hkoh ko kdhhkkkk ko kokwowokokh ok kk ok ok

* * *
*

* FLOOD HYDROGRAPH PACKAGE |HEC-1) * * U.8. ARMY CORPS
COF ENGINEERS *

* JUN 1998 * * HYDROLOGIC
ENGINEERING CENTER *

* VERSION 4.1 * * 605 SECOND
STREET *

* * * DAVIS,
CALIFORNIA 95616 *

* RUN DATE 06JANDE TIME 14:38:29 * * (918)
756-1104 * .

L * *

*
LEE ISR 2R LR RS SRS R Rl R S
kkkd ko kkhkhk Rk hkhhkkhkkkkhh kA b A ARk F R I LK R

X X XXEXXXX XXXXX X
X X X X X XX
X X X X X
KXXXKXX  XXXX X XXXXX 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 HEC1 (JAN 73}, HEC1GS, HECLDB, AND
HEC1KW.

THE DERINITIONS OF VARIABLES ~RTIMP- AND ~RTIQR- HAVE CHBNGED 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 OPTICNS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE
FREQUENCY,
DSS:RERD TIME SERIES AT DESIRED CALCULATICN INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
1 HEC-1 INPUT
PAGE 1
LINE ID....... 1....... 2., ... I Ao 5. ... [ Tl Bl 9...... 10
1 ID Buckeye/Sun Valley ADMS - November 2004
2 1D PBS&J - Modelers: Jacob Lesue & Wen Chen
3 1D 100-year 24-hour
4 ID Existing Conditions
s ID Area 1 - RID to BIC (West)
6 D Rainfall Loss Method - Green & Ampt
? 1D Unit Hydrograph Method - FCDMC S-Graph
8 1o Channel Routing Method - Normal Depth
] iyl Land Use - FCDMC GIS Data: mag_landuse {2000)
10 In Scil Data - USDA SCS Soil Survey (1872 & 1881)
11 ID Units - L{mi} Leca (mi) S{ft/mi) LAG (min)
*DIAGRAM
12 iT 15 02JANGS4 0 400
13 I0 3
14 IN 15 02JANS%4 0
15 JD 4.1 0.01
*# 24-hour distribution
le pC 0.0 0.002 G.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026
17 PC 0.029 0.032 G.035 0.038 0.041 0.044 0.048 G.052 0.056 ¢.06
18 pC ¢.064 0.068 0.072 0.076 0.08 0.085 0.0% 0.095 0.1 0.105
15 PC 0.21 0.115 0.12 0.126 G.133 0.14 0.147 0.155 0.163 3.172
20 PC ¢.181 0.191 0.203 0.218 0.2386 0.257 0.283 0.387 0.663 ¢.707
21 PC 0.735 0,758 0.77¢6 0.7%1 0.804 G.815 0.825 0.834 0.842 G.8459
22 PC 0.856 0.863 0.869%9 0.875 0.881 0.887 0.893 0.898 0.903 C.%08
23 PC 0.913 0.918 0.922 0.526 0.93 0.934 0.938 0.942 0.946 0.95
24 rC 0.953 0.956 0.95% 0.862 0.965 0.968 0.971 0.974 0.977 0.98
25 PC 0.983 0.986 0.98% 0.592 0.995 0.998 1.0
26 IN 15 02JAN94 0

27 Jap 3.895 10.60
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* 24-hour distribution

PC
PC
PC
PC
PC
PC
PC

PC
PC
N
JD

0.0 0.002 0.005 ¢.o08 0.011 0.014 0.017 0.02 0.023 0.026
0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 0.056 .06
0.064 0.068 0.072 0.076 .08 0.085 0.09 0.085 G.1 0.105

0.11 0.115 0.12 0.126 0.133 0.14 0.147 Q0.155 0.163 0.172
0.1i81 0.191 0.203 ¢.218 0.236 0.257 0.283 0.387 0.663 0.707
0.735 0.758 0.776 0.791 0.804 0.815 0.825 0.834 0.842 0.849
0.856 0.863 0.869 0.875 0.881 0.6887 0.893 0.898 ¢.5803 0.208
0.913 0.918 0.922 0.926 9.93 0.934 0.938 0.942 0.%46 0.95
0.953 0.956 0.95% 0.962 0.965 0.968 0.971 0.974 8.877 0.%8
0.983 0.986 0.98% 0.992 0.595 0.998 1.0

15 02JAN94 0
3.764 20.0

* 24-hour distribution

PC
PC
BC
BC
PC
PC
PC
PC
PC
PC

D

BA
LG
ux

KK

BA
LG
uI
uI

KK
FA
KO
HC

KK
KM

KM

BA
ZR

0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 ¢.023 0.026
0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 0.056 G.06
0.064 0.068 0.072 0.076 9.08 0.085 0.08 0.085 0.1 0.105

0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.165 0.163 0.172
0.181 0.191 0.203 0.218 0.236 0.257 0.283 0.387 0.663 0.707
0.735 0.758 0.776 0.791 0.804 0.815 0.825 0.834 0.842 0.849
0.856 0.863 0.869 0.875 0.881 0.887 0.893 0.898 §.203 0.208
0.913 0.9186 0.922 0.926 0.93 0.934 0.938 0.5%42 &.946 .95
0.853 0.956 0.95%9 0.962 0.965 0.968 0.971 0.974 8.9877 0.98
0.983 0.986 0.985 0.992 0.895 0.998 1.0

HEC-1 INPUT
...... . T Y - O I P TR 1)
68
R LR R D L R L R T L L e T2 T
"k SUB-WATERSHED E P L L L L

LR 2 e 2 E R L LR S S S LR R 2 2 SR R RS s RS SRR R AR A E R RS RER ERE R RS EE R

THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN

L=0.96 Lca=0.33 $=45.58 Kn=0.050 LAG=22
S-GRAPH TYPE=DESERT RANGELAND
o ¢ ¢.0 1 22
0.4130
0.374 0.334 4.366 0.374 0.0
0.0 257.36 526.31 199.5 61.33 15.58 .0
El-E2 CNEME El
STORAGE ROUTE FROM E1 TO E2 THROUGH SPRR TRESTLE
Q 0 0.0 o 22
1 ELEV 871.0 0.0
0.0 1.3% 5.84 13.3¢ 41.09 96.8%1 182.04 292.0 426,27 6581L.71
756.67 957.1¢ 117%.1 1179.1 1179.1 1178.1 1179.1 1179.1 117$.1 1179.1
872.0 874.0 87¢6.0 878.0 880.0 882.0 884.0 886.0 888.0 890.0
892.¢0 894.0 856.0 896.0 896.0 896.0 896.0 895.0 8396.0 896.0
0.0 100.0 240.0 360.0 480.0 600.0 102¢.0 2000.0 2780.0 276C.0

2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0 2760.0
873.07 874.07 875.07 876.07 877.07 B878.07 879%.07 880.07 881.07 881.07
881.07 881.07 881.07 881.07 B881.07 881.07 881.07 881.07 §81.07 B881.07

52
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=0.50 Lca=0.17 5=49.34 Kn=0.200 LAG=53
S-GRAPH TYPE=AGRICULTURE
0 0 0.0 1 22
0.251%
0.46 0.23 4.174 0.497 8.088
¢.0 22.5 84.15 139.%4 135.97 109.93 62.24 38.79 21.52 13.5
9.12 2.18 2.19 z2.1% 2.19% 2.19 0.0
E2

COMBINE STORAGE HYDROGRAPH FROM ®1 WITH RUNCFF FROM 5% @ E2
A=RBW B=E2 C=FLOW E=15MIN F=100Y24H-EX

0 o] 0.0 0 22

2

RIDF

L L T R R L L L T L e e e E s I eSS S R Ly
*n SUR-WATERSHED F B R T L LTI LR 2 A

AN KRR N ATk Rk ke hde kb kA kT ek Ik h kA kA IR A kA RN R AR A XA A AN R I kAR A Ak ek Ak dhkkkkdrk

FALSE BASIN TO SIMUGLATE INFLOW FROM RID

0.0001

=QI A=RID RID B=81%9 LAT STRUCT C=FLOW-WEIR D=02JAN1994 E=15MIN F=RID100-24E
HEC-1 INBUT
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| LINE ID....... 1....... 2. kR 4....... L. 6. ... b 8. ... 9. .. ... 10
94 KK Fl1§5-F2 CNAME F18
95 KM ROUTE INFLOW FROM RID CONCENTRATED AT F18 TO F2 {CHANNEL A}
s KO Q 0 0.0 0 22
a7 RS 1 FLOW 0.0 0.0
98 RC 0.1 0.1 0.1 3225.0 ¢.004 0.0
9% RX 0.0 250.0 500.0 75¢.0 1Q00.0 13332.3 1¢666.6 2000.0
140 RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0
101 KK 27
102 KM THE FOLLOWING PARAMETERS WERE FPROVIDED FOR THIS BASIN
103 KM L=0.82 Lca=0.41 8=14.5%9 Kn=0.200 LAG=115
104 kM S-GRAPH TYPE=AGRICULTURE
105 KO 0 0 0.0 1 22
106 BA 0.2410
1467 LG 0.493 0.246 3.975 0.567 1.418
108 Ul Q.0 7.73 11.05 25.19 43.69 53.56 61.68 64.93 61.32 55.09
193 uUr 48.56 42 .77 30.31 23.36 21.4 13.77 11.2 G.22 7.06 5.07
110 Ur 4,3% 4,39 2.56 Q.97 0.97 Q.27 D.97 0.97 0.97% d.97
111 Ul 0.97 0.97 0.827 J.97 Q.97 0.0
112 KK F2 CNAME F2-F3
113 KM COMBINE ROUTED HYDROGRAPH FROM F18 WITH RUNOFF FROM 27 @ F2
114 KO 0 4] d.0 Q 22
115 HC 2
116 KK F2-F3 CHNAME F2
117 KM ROUTE HYDRPGRAPH FROM F2 TO F3 (CHANNEL A}
118 KO 0 Q 0.0 0 22
119 RS 8 FLOW 0.0 0.0
120 RC 0.1 0.1 0.1 5241.87 0.0057 0.0
121 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2G00.0
122 RY 10.0 7.5 5.0 2.5 0.0 3.3 5.6 10.0
123 KK 29
124 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
125 KM 1L,=1.47 Lea=0.73 5=22.92 Kn=0.200 LAG=163
126 KM S5-GRAPE TYPE=AGRICULTURE
127 KO 1] 0 0.0 1 22
128 BA 0.9587
129 LG 0.5 0.25 1.977 0.548 2.0
130 I 0.0 22.6 22.6 40.44 67.42 122.16 127.17 170.96 171.863 189.8
131 uI 189.8 185.58 158.17 166.78 141.69 122.98 113.44 86.27 70.6 65.75
132 uI 56.62 40.79 36.5 28.42 27.23 20.63 20¢.63 15.95 12.82 12.82
133 I 12.82 7.09 2.82 2.82 2.82 2.82 2.82 2.82 2.82 2.82
134 Il 2.82 2.82 2.82 2.82 2.82 2.82 2.82 2.82 2.82 0.0
135 KK F3 CNAME F3-F4
136 KM COMBINE ROUTED HYDROGRAPH FROM F2 WITH RUNGFF FROM 29 F3
137 KO 0 0 0.0 1] 22
138 HC 2
1 HEC-1 INPUT
FAGE 4
LINE ID....... 1....... 2., 3. d.a. ... B et 6....... T B....... | I 10
13¢ KK F3-F4 CNAME F3
140 KM ROUTE HYDRPGRAFPH FROM F3 TO F4 {CHANNEL A)
141 KQ ¥ 0 0.0 0 22
142 RS 7 FLOW 0.0 0.0
143 RC 0.1 0.1 0.1 5501.87 0.0058 0.0
144 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1lé66.6 2000.0
145 RY 10.¢ 7.5 5.0 2.5 0.0 3.3 6.6 10.0
l46 KK 41
147 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
146 KM L=1.54 Lca=0.77 §=23.99 Kn=0.200 LAG=168
149 KM 8-GRAPH TYPE=AGRICULTURE
150 KO 0 0 Q.0 1 22
151 BA 1.2021
152 LG 0.5 0.25 3.965 0.474 0.9
153 Ul Q.0 26.39 26.39 45.2 74.92 131.88 154.05 177.32 206.14 221.65
154 Ul 221.65 221.65 192.1 185.1% 190.62 138.53 151.35% 105.43 94.19 76.42
155 uI 81.61 52.05 44.8 39.98 32.6 29.54 24.08 24.09 16.95 14.5%8
156 Ul 14.98 14.98 7.8 1.3 3.3 3.3 3.3 3.3 3.3 3.3
157 Ul 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3
158 ur 3.3 0.0




PAGE S

159
160
16l
162

163
164

166
167
168
169

170
171
172
173
174
175
176
177
178
179

180
181
182
183

LINE

la4
188
186
187
188
1892
190
191
192
193
194
155

186
187
198

200
201
202
203
204
205
206

207
208
209
210
211

224
225
226
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KK
KM
KO
HC

KK
EM
KO
RS
RC
RX
RY

KK
KM
KM
KM
KC
BA
LG
uI
uI
Ul

KK
KM
KO
Hc

ID

K

KO
RS
gV
1Y
SE
3B
80
5Q
SE
SE

BEHER

BA
LG
uI
Ul
uI
uI

KK

ZW
KO
HC

KK

KO
BA
LG
uI
uI
Ul
uI
Ul

KK
KM
KO
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F4 CNAME F4-FGB
COMBINE ROUTED HYDROGRAPH FROM F3 WITH RUNCFF FROM 41 @ F4
0 ¢ 0.0 0 22
2
F4-FE5B CNAME P4
ROUTE HYDRPGRAPH FROM F4 TO F5B [CHANNEL )
o] 0 0.0 0 22
4 FLOW 0.9 0.0
0.1 c.1 0.1 3704.65 0.0065 ¢.0
0.0 250.0 500.¢ 750.0 1000.0 1333.3 1666.6 2000.0
1¢.0 7.5 5.0 2.5 0.0 3.3 6.6 i0.0
52B
‘THE FCLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=0.71 Loa=90.32 8=32.58 Kn=0.200 LAG=85
S-GRAPH TYPE=AGRICULTURE
0 0 0.9 1 22
0.4953

0.491 ¢.251 4.087 ¢.53 0.349

0.0 21.49 47.96 115.57 153.43 180.5 170.48 157.82
63.75 43 .62 30.66 22.85 17.91 12.2 10.93 2.69
2.69 2.69 .69 2.69 2.69 2.69 0.0
FSB  CNAME FSB-FéB
COMBINE ROUTED HYDROGRAPH FROM F4 WITH RUNOFF FROM 32B @ F5B
0 0 0.0 0 22
2

HEC-1 INPUT

e Lo, -SSP 3t 4....... 5.... 6....... T 8..
FSBF6B CNAME F5B
STORRGE ROUTE FROM F5B TO F6B THROUGH SPRR TRESTLE
0 0 0.0 o] 22
1 ELEV 886.0 0.0

0.¢ 0.p08 0.94 6.13 37.02 122,46 262.93 473.0
749.83 749,83 749.83 749.83 749.83 749.83 749.83 749.83
886.40 88g.0 890.0 892.0 894.0 896.0 898.0 9G0.0
902.¢ 902.0 902.0 902.0 202.0 %02.0 902.0 9¢2.0
0.0 80.0 120.0 230.0 1145.0 1%80.0 2670.0 2670.0

2670.¢ 2670.0 2670.0 2670.0 2670.0 2670.0 2670.0 2670.0

886.0 887.07 888.07 889.07 8%0.07 8%1.07 892,07 892.07

8%92.07 892,07 892.07 892.07 B92.07 8%2.07 892.07 892.07
60B

THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=1.03 Lca=0.35 5=22.68 Kn=0.2400 LAG=108
§-GRAPH TYPE=AGRICULTURE
0 0 0.0 1 a2

0.5744

0.462 0.249 4.158 0.551 3.254
¢.0 19.61 30.14 73.81 110.38 144.98 164.75 164.75
106.31 87.94 64.4 56.91 35.¢ 28.82 23.22 17.91

11.13 3.84 2.45 2.45 2.45 2.45 2.45 2.45
2.45 2.45 2.45 0.0
P&B
CCMBINE STORAGE HYDROGRAPH FROM F5B WITH RUNOFF FROM 60B @ FéB
A=REW B=F63 C=FLOW E=15MIN F=100Y24H-EX
0 0 0.0 [i] 22
2
523
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=0.92 Lea=0.57 8=6.91 ¥n=0.200 LAG=156
8-GRAPH TYPE=AGRICULTURE
Y 4 0.0 1 22
0.3127

0.497 0.25 3.966 0.43% Q.364
0.0 7.39 7.39 14.03 25.52 42.85 41.0¢% 54.59
62.1 55.89 52.16 54.02 38.81 41.05 29.04 24.79
13.59 11.94 2.45 8.85 6.75 6.75 4.8% 4.2
1.32 0.92 Q0.92 0.92 0.92 0.92 0.92 0.82
0.52 0.92 0.92 0.92 .92 0.92 0.92 0.0
FEAF6A CNAME FSA
STORAGE ROUTE FROM FSA TO P6A THROUGH SPRR TRESTLE
0 0 0.0 0 2z

lig.28
Z2.69

749.83
749.83

802.0

gf2.0
267¢.0
2670.0
892.07
892.07

142.78
14.49
2.45

61.74
21.13
4.2
0.52

85.92
2.69

749.83
749,83

s0z.¢

502.0
2670.0
2670.¢
852,07
852.07

142.23
il1.13
2.45

62.1
20.13

¢.952
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227 RS 1 ELEV  894.0 0.0
228 sv 0.0 0.02 0.64 12.91 61.76 61.76 61.76 B61.76 B1.76 B1.76
. 229 sV 61.76 61.76 61.76 61.76 &1.76 61.76 61.76 61.76 61.76  61.76
230 SE 894.0 B96.0 898.0 900.0 902.0 902.0 202.0 902.0 902.0  %02.0
231 SE  902.0 902.0 902.0 902.0 902.0 902.0 902,0  902.0 902.¢  902.0
232 50 0.0 58.1 112.2 146.6 174.0 198.5 218.5 237.6 255.3  271.8
233 80 287.4  302.2  316.3  329.7  342.7 355.2  367.2  378.9 401.2  422.3
1 HEC-1 INPUT '
PAGE 6
LINE ID...enns S 2 30000, 4. B [ . - 9. 10
234 SE  89%4.0 896.4 896.9 897.4 897.9 898.4 898.9 B899.4 £99.%9  900.4
235 SE  900.9 90i.4 901.9 902.4  902.9 903.4 S03.9 904.4 905.4  906.4
236 KK 60A
237 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
238 KM  L=1.07 Lea=0.46 §=27.51 Kn=0.200 LAG=117
239 KM  S-GRAPH TYPE=AGRICULTURE
240 Ko 0 0 0.0 1 22
241 BA 0.4117
242 LG 0.493 ©.249 4.045 0.541 0.795
243 ur 0.0 12.98 18.15 40.42 73.45 89.47 100.76 109.02 105.38 91.39
244 UL 88.17 72.54 53.8% 42.04 38.73 24.09 20.15 16.03 12.52 11.64
245 uI 7.37 7.37 6.45 1.62 1.62 1.62 1.62 1.62 1.62 1.62
246 Ul 1.62 1.62 1.62 1.62 1.62 0.0
247 KK F6A .
248 KM  COMBINE STORAGE HYDROGRAPH FROM PS5A WITH RUNCFF FROM 60A @ F6A
249 ZW  A=~RBW B=F6A C=FLOW E=1S5MIN F=100Y24H-EX
250 KO 0 0 0.0 0 22
251 HC 2
252 KK  RIDG
253 KM KAhdkhddek ok k kA kTR AR AT AR AN AR ARFTA AR R AR AR AR TR bk kT kA AR Ak d Ak ke kA ARkt
254 KM o & SUB,WATERSHED G R 2R EAEE R E R RS R E RS RS R A AL R R RS ER RS SR SRR SRR SRS 2]
255 KM KRR TR E RN kR kA A AR AN AR ARFTEA R AR AR AR AR kA kA kA Ak kb wkr ek kA ekt *
256 KM  FALSE BASIN TO SIMULATE INFLOW FROM RID
257 BA 0.0001
258 ZR =QI A=RID RID B=13399 LAT STRUCT C=FLOW-WEIR D=02JAN1954 E=15MIN F=RID100-24E
. 258 KK G35-G4  CNAME G38
260 KM ROUTE INFLOW FROM RID CONCENTRATED AT G38 TO G4 (CHANNEL A}
261 KO 0 0 0.0 0 22
262 RS 1 FLOW 0.0 0.0
263 RC 0.1 0.1 0.1 4594.0 0.004 0.0
264 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0
265 RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0
266 KK 28
267 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
268 KM  L=1.02 Lea=0.51 8=16.68 Kn=0.200 LAG=132
269 KM  S-GRAPH TYPE=AGRICULTURE
270 KO 0 0 0.0 1 22
271 BA 0.3347
272 LG 0.4%7 0.249 4.178 0.467  0.543
273 Ul 0.0 9.35 10,.%2 21.2 45.57 53.95 69.12 78.56 7B8.56 75.94
274 UL 65.47 68.35 49,76 47.59 34.97 27.16 26.43 17.09 14.62 11.55
275 Ul 9.62 8.54 6.55 5.31 5.31 3.82 1.17 1.17 1.17 1.17
276 Ul 1.17 1.17 1.17 1.17 1.17 1.17 1.17 1.17 1.17 1.17
277 Ul 0.0
1 HEC-1 INPUT
PAGE 7
LINE ID..enn.n oo, 2. .. ... 4., |- [ Tovenins B.vunn. L D 10
278 KK G4 CNAME G4-G5
279 KM  COMBINE ROUTED HYDROGRAPH FROM G35 WITH RUNOFF FROM 28 @ G4
‘280 X0 0 4 0.0 0 22
281 HC 2
282 KK  Ga-GS  CNAME G4
283 KM  ROUTE HYDRPGRAPH FROM G4 TO GS (CHANNEL A)
284 KO 0 0 0.0 0 22
285 RS 11 FLOW 0.0 0.0
286 RC 0.1 0.1 0.1 7127.48 0.0045 0.0
287 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0
0 2.5 0.0 3.3 6.6 10.0

288 RY 10.0 7.5 5.
. 289 KK e
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290 KM  THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
291 KM L=1.55 Lea=0.78 5=21.93 Kn=0.200 LAG=172
292 KM 8-GRAFH TYPE=AGRICULTURE
293 KO 0 0 0.0 1 22
294 BA 0,9830
295 LG 0.444 0.25 4.028 0.469 8.732
296 ur 0.0 21.08 21.08 34.8 57.4 101.7 123.34 132.0 163.67 177.05
297 Ur 177.05 177.05 161.31 147.54 1e61.39 117.56 117.82 99,14 80 .48 64,92
298 ur 61.01 54.87 38.92 34.08 28.26 26.04 20.78 19.24 18.25 11.96
299 uI 11.96 11.96 11.96 3.63 2.63 2.63 2.63 2.63 2.63 2.63
300 Ul 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63
301 Ul 2.63 2.63 0.0
3oz KK G5 CNAME G5-G6
303 KM COMEINE RCUTED HYDROGRAPH FROM G4 WITH RUNOFF FROM 30 G5
304 Ko V] [ 0.0 o 22
305 HC 2
108 KK G5-G6 CNAME G5
307 KM ROUTE HYDRPGRAPH FROM G5 TO G6 (CHANNEL A)
308 KO 0 ¢ 9.0 0 22
308 RS 8 FLOW 9.0 0.0
310 RC 0.1 0.1 0.1 5820.25 0.0055 0.0
311 RX 0.0 250.0 506.0 TF50.¢  1000.0 1333.3 1666.6 2000.0
312 RY 10.0 7.5 5.0 2.5 0.0 3.3 6.6 10.0
313 KK 42
314 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
315 KM L=1.56 Lca=0.78 8=22.73 Kn=0.200 LAG=172
ils KM S-GRAPH TYPE=AGRICULTURE
317 KQ ¢ 0 0.0 1 22
318 Ba 0.7784
319 LG 0.497 0.25 4,279 0.452 0.46%
32¢ uI 0.0 16.6% 16.69 27.56 45.45 80.53 97.66 104.52 129.6 140,19
321 UI 140.19 140.1% 127.73 116.82 127.79 33.09 93.29 78.5 63.72 51,4
322 ut 48.31 43.45 30.82 26.96 22.38 20.62 16.46 is5.24 14.45 9.47
323 Ul 9.47 5.47 9.47 2.87 2.0%9 2.0% 2.09 2.09 2.09 2.09
324 Ul 2.08 2.09 2.09 2.09 2.09 2.0% 2.09 2.09 2.09 2.09
325 UL 2.08 2.09 0.0

1 HEC-1 INFUT

PAGE 8
LINE ID. vvur s l.oaoen.s 2. 003 [ S S G FTovinans [ I [T 10
326 KK Gé CNAME  G6-G7 .
327 KM CCMBINE ROUTED HYDROGRAPH FROM G5 WITH RUNCFF FRCM 42 @ Gg
328 Ko 0 ¢ 0.0 Q 22
329 HC 2
330 KK G&-G7 CNAME G6
331 KM ROUTE HYDRPGRAPH FROM G6 TO G7 (CHANNEL A)
332 KO 0 0 2.0 o] 22
333 RS 4 FLOW 0.0 0.0
334 RC 0.1 0.1 0.1 2613.05 0.006% g.0 .
335 RX G.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 2000.0
336 RY 1¢.0 7.5 5.0 2.5 Q.0 3.3 5.6 18.0
337 KK 53
338 Kbl THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
339 K L=0.91 Lca=0.46 §=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
343 LG 0.5 0.25 3.897 0.444 0.0
344 Ul 0.0 11.08 16.13 37.6 £2.38 76.97 80.56 92.81 B85.6 80.26
345 UI €6.07 56.87 41 .62 31.91 28.17 18.87 14,88 12.13 10.0% 7.44
346 UI 6.27 6.27 1.84 1.38 1.38 1.38 1.38 1.38 1.38 1.38
347 uI 1.38 1.38 1.38 1.38 0.0
348 KK G7 CNAME G7-G8
349 KM COMBINE ROUTED HYDROGRAPH FRCM Gé6 WITH RUNOFF FROM 53 @ G7
350 KO 0 ) 0.0 Q 22
351 HC 2
i52 KK G7-G8 CNAME a7
is3 KM STORAGE ROUTE FROM G7 TO 88 THROUGH SPRR TRESTLE
354 KO 0 0 0.0 0 22
355 RS 1 ELEV 888.0 0.0
356 sV 0.0 0.6 4.25 26 .94 108B.66 257,97 44%.6 449.6 44%.6 449.6
3587 5V 448.6 448.6 449.6 449.6 448%.6 44%.6 44%.86 449.6 44%.6 44%. 6
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358 SE 888.0 890.0 852.0 894.90 896.0 898.0 800.0 900.0 500.0 900.0
359 SE $00.0 900.0 800.0 g00.0 %00.0 900.0 200.0 800.0 300.0 900.0
360 8Q 0.0 100.0 200.0 480.0 1480.0 2060.0 2520.0 2900.0 2%00.0 2900C.0
sl SQ 2900.0 2900.0 2900.0 2900.0 2900.0 2900.0 2900.0 2900.0 2%00.0 2900.0
362 SE 888.0 888.07 88%.07 B890.07 891.07 852.07 B893.07 894.07 8%24.07 894.07
363 SE B894.07 894.07 894.07 B94.07 894,07 894.07 894.07 894.07 B894.07 894.07
364 KX 61
365 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
366 KM L=0.90 Lca=0.45 S=23.00 Kn=0.29090 LAG=112
387 KM S-GRAPH TYPE=AGRICULTURE
368 KO 0 0 0.0 1 22
369 BA 0.5081
170 L 0.484 0.248 3.965 0.464 2.234
371 UI g.0 16.58 24.21 56.43 93.62 115.52 135.92 139.3 128.47 120.46
372 Ul 99.16 88.35 62.47 47.9 42,28 28.31 22.33 18.21 15.14 11.17
373 ur 5.41 5.41 2.76 2.07 2,07 2.07 2.07 2.07 2.07 2.07
374 ur 2.07 2.07 2.07 2.07 0.0

1 HEC-1 INPUT

PRGE 9
LINE ID.. ..., l..0.0-- 2.0 E RO L 5. .. [ Tovnann 8... ..., L= 10
375 KK G8
376 KM COMBINE STORAGE HYDROGRAPH FROM G7 WITH RUNOFF FROM 61 @ G8
377 W A=RBW B=GB C=FLOW E=15MIN F=100Y24H-EX
378 KO Q 0 0.0 Q 22
379 HC 2
380 KK RIDH
381 KM LT e R R I e e S R R RS R R R R L TR RS R A bRl LR SRR R LA SRS R
382 KM d % SUB-WATERSHED H ERA AR R AR R A AR ARk kA AR AN R ANk A AR KN AR R AR TR R A Ak Ak R R
183 j] T R bR R T R L e R R e e s e e e s S e e s
384 KM FALSE BASIN TO SIMULATE INFLOW FROM RID
385 BA 0.0001
3Be ZR =QI A=RID RID B=19799 LAT STRUCT C=FLOW-WEIR D=02JAN19%4 E=15MIN F=RID100-24FE
387 KK His-H4 CNAME H3g
388 KM ROUTE INFLOW FROM RID CONCENTRATED AT H3S TO H4 {CHANNEL A)
389 KO 0 0 0.0 o] 22
390 RS 1 FLOW 0.¢ 6.0
191 RC 0.1 0.1 0.110193.17 0.905 0.0
392 RX 0.0 250.0 500.0 750.0 1000.0 1333.3 16é66.5 2000.0
393 RY 10.0 7.5 5.0 2.5 ¢.0 3.3 6.6 10.0
394 KK 31
395 KM THE FOLLOWING PARRMETERS WERE PROVIDED FOR THIS BASIN
%6 KM L=1.%3 Lca=0.97 $=26.40 ¥n=0.200 LAG=196
387 ' KM 5-GRAPH TYPE=AGRICULTURE
isa KO 0 0 0.0 1 22
390 BA 1.0788
400 KM ENTELLUS CHANGED THE IA TO 1.0 INCHES
401 KM ENTELLUS CHANGED THE DTHETA TOQ 0.19
402 LG 1.0 0.19 4.018 0.456 0.852
403 ur ¢.0 20.3 20.3 26.01 42.62 75.47 110.82 116.22 130,81 156.48
404 Ul 170.4% 170.49 170.49 170.49 143.97 142.08 i58.6 11il1.16 110.82 106.73
408 Ul 79.11 T1.61 59.1 60.85 49.19 37.72 32,79 29.13 25,07 23.42
408 Ul 18.53 18.53 16.79 11.52 11.52 1%1.52 il.52 7.81 2.54 2.54
407 Ul 2.54 2.54 2.54 2.54 2.54 2.5%4 2.54 2.54 2.54 2.54
408 Ul 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 0.0
409 KK H4 CNAME H4-H5
410 KM COMBINE ROUTED HYDROGRAPH FROM H3S WITH RUNOFF FROM 31 @ H4
411 KO 0 o 0.0 0 22
412 HC 2
413 KK H4-HS CNAME H4
414 K ROUTE HYDRPGRAPH FROM H4 TO H5 (CHANNEL B)
415 Ko 0 o] 0.0 0 22
418 RS 5 FLOW 0.0 0.0
417 RC 0.1 0.02 0.1 5382.76 0.0059 0.0
418 RX 0.0 1000.¢ 1006.0 1010.0 1050.,0 1054.0 10860.0 2060.0
419 RY 10.0 0.0 0.0 1.0 1.0 0.-¢ G.0 10.0

1 HEC-1 INPUT

PAGE 10
LINE

420
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421 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
422 KM L=1.92 Lca=0.96 5=20.85 Kn=0.200 LAG=204
423 KM $-GRAPH TYPE=AGRICULTURE
424 KO 0 0 0.0 1 22
425 BA 1.0022
426 KM ENTELLUS CHANGED THE IA TO 1.0 INCHES
4327 KM ENTELLUS CHANGED THE DTHETA TO 0.1%
428 .G 1.0 0.19 3,958 0.425 0.66
429 uI 0.0 18.12 18.12 20.59 38.04 57.93 94,1 108&.05 107.28 138.7
430 UI 144.3% 152.18 152.18 152.18 142.03 126.81 135.44 126.81 95.11 102.81
431 U1 87.2 69.17 61.58 52.32 54.94 42.82 33.73 292.26 26.57 22.38
432 Ul 21.91 1le.54 16.54 16.54 10.58 10.28 10.28 10.28 10.28 2.91
433 ur 2.26 2.26 2.26 Z.26 2.26 2.26 2,26 2.26 2.26 2.26
434 Ul 2.26 2.26 2.26 2.26 2.26 £.26 2.26 2.26 2.26 2.326
435 Ul 2.26 0.0
436 KR H5 CNAME H5-HE
437 KM COMBINE ROUTED HYDRCOGRAPH FROM H4 WITH RUNOFF FROM 43 @ H5
438 KO 0 0 o.0 0 22
433 HC 2
440 KK H5-H6 CNAME HS
441 KM ROUTE HYDRPGRAPH FROM HS TO H6 (CHANNEL B)
442 KQ o 0 0.0 ¢ 22
443 RS 3 FLOW 0.0 0.0
444 RC ¢.1 0.02 0.1 2887.9%2 0.0045 0.0
445 RX 0.0 1¢00.0 1006.0 1010.0 1050.0 1054.0 1060.0 2060.0
446 RY 10.0 0.0 0.0 1.0 1.0 0.0 0.0 10.0
447 KK 54
448 KM THE FOLLOWING PRRAMETERS WERE PROVIDED FOR THIS BASIN
449 KM L=1.20 Leca=0.60 8=12.35 Kn=0.200 LaG=167
450 KM 8-GRAFH TYPE=AGRICULTURE
451 KO o] o ¢.0 1 22
452 BA 0,.3861
453 KM ENTELLUS CHANGED THE IA TO 1.¢ INCHES
454 KM ENTELLUS CHANGED THE DTHETA TO 0.19
455 LG 1.0 0.19 4.0 0.447 0.0
456 UI ¢.0 5.07 9.07 17.07 30.66 52.22 50.2 67.4 Fa4.77 76.18
457 UI 76.18 69.41 63.49 68.13 47.62 51.29 35.97 31.2 25.88 25.91
458 UI 17.01 14.65 12.06 11.2 8.36 8.28 6.51 5.15 5.15 5.15
459 Ur 2.36 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13
460 U1 1.13 1.13 1.13 1.13 1.13 1.13 1.13 0.0
461 KK He CNAME HE-H7
462 KM COMBINE ROUTED HYDROGRAPH FROM HS5 WITH RUNCFF FROM 54 @ HE
463 KO 0 0 0.0 0 22
464 HC 2

1 HEC-1 INPUT

PAGE 11
LINE ID....... 1...... I [ I L P 5.0 [N Fewreian - S |- 10
465 KK He-H7 CNAME H&
466 KM STORAGE RCUTE FRCM H6 TO H7 THROUGH SPRR TRESTLE
467 KO 0 ¢ ¢.0 o 22
468 RS 1 ELEV £96.0 0.0
469 sV 0.9 0.45 30.43 148.25 335.08 336.08 336,08 336.08 336.08 336.08
470 SV 336.08 2336.08 336.08 336,08 336.08 336.08 336.08 336.08 336.08 336.08
471 SE 8s50.0 892.0 £894.0 896.0 898.0¢ 898.0 888.0 898.0 B898.0 898.0
472 SE 858.0 898.0 £98.0 898.0 898.0¢ §98.0 898.0 898.0 B898.0 898.0
473 sQ 0.0 185.0 720.0 1025.0 10%5.¢ 1150.0 1355.0 1800.0 18B00.0 1800.0
474 5@ 1800.0 180¢.0 1800.0 1800.0 1800.0 180C.0 1800.0 1800.0 1800.0 1800.0
475 SBE 890.0 891.07 8%3.47 895.47 B895.57 £95.67 835.77 895.87 895.87 895.87
476 SE 895.87 895.87 8%5.87 895.87 895.87 895.87 835.67 895.87 895.87 895.87
477 KK 62
478 XM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
479 KM L=0.98 Lca=0.49 8=21.54 Kn=0.200 LAG=122
480 KM §-GRAPH TYPE=AGRICULTURE
481 KO Q 0 0.0 1 22
482 BA  0,5717
483 KM ENTELLUS CHANGED THE IA TO 1.0 INCHES
484 KM ENTELLUS CHAMGED THE DTHETA TO 0.19
485 LG 1.0 0.19 4,203 0.444 0.473
488 uI 0.0 17.28 22.83 47.68 $7.83 104.21 138.24 145.18 145.18 124.21
487 Ul 130.72 91.16 89.45 63.88 49.84 45.53 30.22 24.% 20.7¢ 15.78
488 Ul 14.37 9.81 9.81 8.08 2.16 2.1la 2.16 2.16 2.16 2.16

489 U1 2.18 2.16 2.16 2.16 2.16 2.18 2.16 0.0
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490
491
492
493
494

495
496
497
498
499
500
501

502
503
504
505
506
507
508

LINE

50%
510
511
512
513
514
515
516
517
518
515

521

522
523
524
525

547
548
549
=4:1v]

551
552
553
554
5565
556
587
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KK
KM
W
KO
HC

KK
KM
KM
KM
XM
BA
ZR
KX
KO
RS
RC

RX
RY

ID

BEEER

BA
LG
ur
Ul
Ul
Ul
Ul
ul

KK

KO
HC

KK

KO
RS
RC
RX
RY

BEEZER

BA
La
ur
Ur
uI
uI

ul
Ul

KK

KO
HC

KK

KQ
RS
RC
RX
RY
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H7

COMBINE STORAGE HYDROGRAPH FROM H6 WITH RUNOFF FROM 62 @ H7
A=RBW B=H7 C=FLOW E=15MIN F=100V24H-EX

0 0 0.0 Q 22

2

RIDI

AR kAR E AR Tk kAN AR K R AR AR A A AN T A AR T A I AR AN A kAT Rk A A kAR AR AR AR R AR AT kb kA Ak
** SUB-WATERSHED I KK ERKRERAK IR RN AL R kR kR Ak d A kR b hdkdehkxak kb hh Nk hedhdhdk
kA KAk kA Ak Rk AR ARk Ak kAR Ak AR AN AR AR TR I AA AR A bk x bk kb dhd ek kkrkhhk

FALSE BASIN TO SIMULATE INFLCW FRCM RID

0.0001
=QI A=RID RID B=2439% LAT STRUCT C=FLOW-WEIR D=02JAN1994 E=15MIN F=RID100-24E

I25-13 CNAME 125
ROUTE INFLOW FROM RID CONCENTRATED AT I28 TO I3 (CHANNEL A)
0 0 0.0 0 22
1 FLOMW 0.0 0.0
0.1 0.1 0.1 8174.00 0.005 0.0
0.0 250.0 500.0 750.0 1600.0 1333.3 1666.6 2000.0
10.0 7.5 5.0 2.5 ¢.0 3.3 6.6 10.0
HEC-1 INPUT
...... AP S S T Y FI T T Tt PO DS : DN IO N
. 32
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=1.84 Leca=0.92 5=24.34 Kn=0.200 LAG=192
5-GRAPH TYPE-AGRICULTURE
0 0 0.0 1 22
0.895%
0.493 0.249 4.0 0.515 1.146

0.0 i7.21 17.21 23.11 36.91 48.18 57.57 $4.68 11%.26 132,99
144.55 144,55 144.55 139.73 120.46 127.21 121.42 90,35 98.1 77.05
65.71 54.78 48.6 3.0 32.85 2g9.42 27.69 21.26 21.2¢6 1l6.6
15.71 15 71 10.39 9.77 9.77 &.717 B8.55 2.15 2.15 2.15
2.15 2.15 2.15 2.15 2.18 2.18 2.15 2.15 2.15 2.15
2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 0.0

13 CNAME I3-I4
COMBINE ROUTED HYDROGRAPH FROM 128 WITH RUNOFF FROM 32 @ I3

0 0 0.0 0 22
2
I3-I4  CNaAME I3
RCUTE HYDRPGRAPH FROM I3 TC I4 {CHANNEL B}
0 0 0.0 0 22
10 FLOW 0.0 ¢.0
0.1 0.02 0.110387.48 0.0042 0.0
0.0 1009.0 1006.0 101¢.0 1050.0 1054.0 1060.€ 2060.0
10.0 0.0 0.0 1.0 1.0 0.0 0.0 10.0
44
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=1.97 Leca=0.98 8=22.43 Kn=0.200 LAG=205
§-GRAPH TYPE=AGRICULTURE
0 4] 0.0 1 22
1.0069
0.474 0.25 4.136 0.485 5.217
¢.0 18,11 18.1% 20.7 38.04 57.4 93.3 108.09 106.09 139.54
142.37 152,15 152.15 152.15 143.7 126.8 133.98 130.92 95.1 101.27
90.64 69,78 §3.13 52.71 54.03  45.67 34,4  29.26  27.49  22.38
22.38 16.93 16.54 16.54 11,59 10.28 10.28 10.28  10¢.28 4.4

2.26 2.28 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

14 CNAME 14-I5
COMBINE ROUTED HYDROGRAPH FROM I3 WITH RUNOFF FROM 44 @ I4

0 Q 0.0 0 22
2
I4-15 CNAME 14
ROUTE HYDRPGRAPH FROM I4 TO IS5 (CHANNEL A)
] Q 0.0 ] 22
4 FLOW 0.0 0.9
0.1 0.1 0.1 2589.37 0.0035 0.0
0.0 250.0 500.90 750.0 1000.0 1333.3 16686.6 2000.0
10.0 1.5 5.0 2.5 Q.0 3.3 6.6 10.0
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1 HEC-1 INPUT
PAGE 13
LINE ID. ..., oo, .. 2. . ... 4. ... S [ S Tevinans - F, 9...... 10
558 KK 55
559 KM  THE FOLLOWING PARAMETERS WERE PROVIDED FQR THIS BASIN
560 KM  L=0.97 Lca=0.48 5=12.83 Kn=0.200 LAG=133
561 KM  S-GRAPH TYPE=AGRICULTURE
562 KO [ 0 0.0 1 22
563 BA ©.2627
564 LG 0.5 0.25 4.128 0.446 0.0
565 uI 0.0 7.29 8.39 17.8% 34.8  41.96 53.41 61.2 61.2 59.84
566 uI 5:1.0 54.32 38.38  38.38 27,91 21.37 21.37 13.58 11.77 9.0
567 452 7.84 6.65 5.51 4.14 4.14 31.58 0.91 0.91 0.91 0.91
568 Ul 0.91 0.91 0.91 0.91 ¢.91 0.91 0.91 0.91 0.91 0.91
569 Ul 0.0
570 KK IS CNAME I5-I6
571 KM  COMBINE ROUTED HYDROGRAPH FROM I4 WITH RUNOFF FRCM 55 @ I5
572 KO 0 0 0.0 0 22
573 HC 2
574 KK 15-1I6 CNAME I5
575 KM  STORAGE ROUTE FROM I5 TO 16 THROUGH SPRR TRESTLE
576 KO 0 0 0.0 ] 22
577 RS 1 ELEV  892.0 0.0
578 sV 0.0 0.1 25.1 134.92 273.66 273.66 273.66 273.66 273.66 2731.66
579 SV 273.66 273,86 273.66 273.66 273.66 273.66 273.66 273.66 273.66 273.66
580 SE 892.0 B94.0 896.0 898.0  $00.0 900.0  900.0  S00.0  900.0 900.0
581 SE  900.0 900.0  900.0 900.0  §00.0 900.0  900.0  $00.0 900.0 900.0
582 sQ 0.0 60,0 150.0  221.0  400.0  830.0 1134.0 1488.0 1892.0 18%2.0
583 5Q 1892.0 1892,0 1892.0 1892.0 1892.0 1892,0 1892.0 1892.0 1892.0 1892.0
584 SE B92.00 634.08 6£95.18 895.88 896.08 B896.28 B896.38 8§96.48 G§96.58 8§96.58
585 SE B96.58 896,58 896.58 8965.58 896.58 896,58 B896.58 $96.58 896.58 §96.58
586 KK 63
587 KM  THE FOLLOWING PARAMETERS WERE PROVIDED ¥OR THIS BASIN
588 KM  L=0.95 Leca=0.47 $=20.27 Kn=0.200 LAG=120
589 KM  3-GRAPH TYPE=AGRICULTURE
590 KO 0 0 ¢.0 1 22
591 BA 0.4994
592 16 0.396 0.25 4.192 0.398 20.751
593 ur 0.0 15,35 20.75 44.48 B7.02 96.69 122.47 128.92 128.92 107.43
594 UI 111.73 82,37 73.51 54.08 44.91  35.7% 25.69 20.36 16.98 14.01
595 Ul 11.04 a.71 8.71 4,64 1.92 1.92 1.92 1.92 1.92 1.92
596 Ul 1.92 1.92 1.92 1.92 1.92 1.92 0.0
597 KK 16
598 XM  COMBINE STORAGE HYDROGRAPH FROM I5 WITH RUNOFF FROM 63 @ I6
599 ZW  A=RBW B=16 C=FLOW E=15MIN F=100Y¥24H-EX
600 XO 0 0 0.0 0 22
601 HC 2
1 HEC-1 INPUT
PAGE 14
LINE ID....... i..... - kN I DA - S, [P N - I 10
602 KK  RIDJ
603 M LA E R R R R R LR S T R L R e R R R R R T R R R L LR R AT
604 KM *® S'U'B_NATERSHED J LR R E T R IR LR R R R R T R R T T T RN RS SRR E S ERS SR A SRR SRR LY 2]
&05 KM LR RE R R A R h R R R R R R R R e R R E T R RN R
606 KM  FALSE BASIN TO SIMULATE INFLOW FROM RID
607 BA 0.0001
608 %R =QI A=RID RID B=27599 LAT STRUCT C=FLOW-WEIR D=02JAN1994 E=15MIN F=RID100-24E
609 KK J38-J4  CNAME J3s
610 KM  ROUTE INFLOW FROM RID CONCENTRATED AT J35 TO J4 (CHANNEL A)
611 KO 0 0 0.0 0 22
612 RS 1 FLOW 0.0 0.0
613 RC 0.1 0.1 0.1 8056.46  0.007 0.0
614 RX 0.0  250.0 S00.0 750.0 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
616 KK 33
617 KM  THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
618 KM  L=1,84 Lca=0.92 §=29.30 Xn=0,200 LAG=185
619 KM  S-GRAPH TYPE=AGRICULTURE

620 jate] 0 o} 0.0 1 22




i3
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621
622
623
624
625
626
627
628

629
630
631
632

633
634
635
636
637
638
639

640
641
642
643
644
645
646
647
648
€49
€50

LINE

651
652
653

654
655
656
657

658
659
660
61
662
€63
664

665

667
668
669
670
671
672
673
674

675
678
677
678

679
680
681
682
683
684
685
686
687
688
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KK

KO
RS
RC
RX
RY

KK

KO
HC

KX

KC
HC

1.0024
0.497 0.249 3.962 .44 0.529
0.0 15.98 19.98 28.99 46.91 85.21 117.85 108.17
167.856 167.85 167.85 149.2 139.88 152.37 115.61 10B.%9%
67.5 57.35 62.189 40.17 34.82 32.28 24. 96 24.68
18.04 11.34 11.34 11.34 11.34 7.21 2.5 2.5
2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
2.5 2.5 2.5 2.5 2.5 2.5 0.0
J4 CNAME J4-J5 .
COMBINE ROUTED HYDROGRAPH FROM J35 WITH RUNOFF FROM 33 @ J4
0 0 0.0 0 22
2
J4-J5 CNAME J4
ROUTE HYDRPGRAPH FROM J4 TO JS (CHANNEL A}
0 0 0.0 o] 22
5 FLOW 0.0 ¢.0
0.1 0.1 0.1 5307.06 0.0077 0.0
0.0 250.0 500.0 75¢.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
45A
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=1.97 Loa=0.59 5=25.14 Kn=0.200 LAG=201
5-GRAPH TYPE=AGRICULTURE
0 0 0.0 1 2z
1.0027
0.496 0.25 3.992 0.441 0,243
0.0 18.4 18.4 22.16 38.863 61.78 96.59 109.53
152.55 154.54 154.54 154,54 139.98 128.78 137.41 120.73
76.17 70.24 §7.78 51.92 58.19 35.12 iz.2 29.72
19.64 6.8 16.8 14,01 10.44 10.44 10.44 10.44
HEC-1 INPUT
vaeaeloolaon 2. I 4....... TP 6....... R 8
2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
2.3
J5A CHNAME J5A-5B
COMBINE ROUTED HYDROGRAPH FROM J4 WITH RUNOFF FROM 457 @ JS5A
0 0 0.0 ¢ a2
2
J5A-5B CNAME J5A
RQUTE HYDRPGRAPH FROM JS5A TO JSB (CHANNEL A)
0 0 0.0 0 22
6 FLOW 0.0 0.0
0.1 0.1 0.1 2736.25 0.0015 0.0
0.0 250.0 500.0 750.0 1000.0 1333.3 1666.6 20800.0
10.0 7.5 5.0 2.5 ¢.0 3.3 6.6 10.0
45B
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
L=0.52 Lea=0.26 S=8.59 Kn=0.200 LAG=89
5-GRAPH TYPE=AGRICULTURE
v} o] 0.0 1 22
0.1397
D.35% .25 3.969 0.417 29.714
0.0 5.79 11.9 30.23 38.5 48.58 48.11 41.75
18.91 15.22 9.82 7.25 5.39 4.12 3.29 2.3
0.72 6.72 0.72 0.72 0.72 0.72 0.72 ¢.0
J5B CNAME JS5B-J6
COMBINE RCUTED HYDROGRAPH FROM JS5A WITH RUNOFF FROM 45B @ JGB
¢ ¢l c.0 o 22
2
J5B-J5& CNAME J5B
STORAGE RCUTE FRCM J5B TC Jé THROUGH SPRR TRESTLE
¢ ¢ 0.0 0 22
1 ELEV 892.0 0.0
0.0 20.33 91.45 223.99 2231.9% 223.59 223,99 223.99
223,99 223.9% 223.%9 223,99 223.9% 223.89 223,99 223.99
892.0 8%94.0 896 .0 838.0 838.0 898 .0 89g.¢ £858.0
§898.0 898.0 898.0 898.0 888.0 898.0 898.0 698.0
0.0 150.0 230.0 308.0 825.0 1144.¢ 1970.0 1970.0
1970.0 1%70.0 1270.0 1970¢.0 1970.0 1870.0 1970.0 1570.0

155.0
103.55
19.1
2.5
2.5

112.5¢
56.5%
24.14
6.53

34.63
0.72

223.99
223.99
898.0
898.0
197G.¢
1970.0

152.26
77.29
18.24

2.5
2.5

138.24
105.05
22.73
2.3

28.1
0.72

223,99
223,99
898.0
898.0
197¢.¢
197¢.0
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689 SE  892.0 893.68 895.08 895.48 895.68 895.88 896.08 BS56.08 896.08 8956.08
. 690 SE 896.08 8%6.08 896.08 896.08 896.08 B89%6.08 896.08 896.08 8%6.08 896.08
691 KK 64
692 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN
693 KM L=0.89 Lea=0.45 8=17.94 Kn=0.200 LAG=117
694 KM S-GRAPH TYPE=AGRICULTURE
695 KO Q 0 0.0 1 22
696 BA 0.4148
697 LG 0.49%1 0.248 4.357 Q.445 1.184
698 ur 0.0 13.07 18.28 40.72 73.95 $0.13 101.51 109.82 106.16 92,07
699 ul 8g.g2 73.07 54.21 42 .35 39.02 24.27 20.3 16.315 12.61 11.73
1 HEC-1 INPUT
PAGE 16
LINE ID . vuvns 1....... 2o K I, 4.0, S [ T, 8....... 9o 10
700 U1 7.42 7.42 6.49 1.63 1.63 1.63 1.63 1.83 1.63 1.63
701 Ul 1.63 1.63 1.63 1.63 1.63 0.0
702 KK Jé
703 KM COMBINE STORAGE HYDROGRAPH FROM J5B WITH RUNCFF FROM 64 @ J6
704 Zw A=RBW B=J§ C=FLOW E=15MIN F=100Y¥24H-EX
705 KO 0 0 0.0 o] 22
706 HC 2
TF07 Z72
1
. SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT
LINE {V} ROUTING (---») DIVERSION OR PUMP FLOW
NO. {.}) CONNECTOR {<---) RETURN COF DIVERTED OR PUMPED FLOW
g0 68

v
v
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633 . . J4-J5

. €40 . . . . B . . 455

654 JSA. ... L.

v

. . . . - . v

658 . . . . - . JEA-5B
665 45B
675 . . . . - . J5B. . .ol

v

. . . . . . v

879 . . . . - . J5B-J6
691 . . . . - . . 64
702 . . . . - . Je. il s

1
RUNOFF SUMMARY
FPLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAX IMUM
TIME OF
OPERATION STATION FLOW PEAK AREAR STAGE
MAX STAGE
+ 6-HOUR 24 -HOUR 12 -HOUR

HYDROGRAFH AT

2 + 68 499. 12.5¢ 46. 12. 4. 0.41
. ROUTED TC

+ El1~E2 343. 12.50 45. 11. 4. 0.41

HYDROGRAPH AT

+ 59 150. 12.75 3. &. 3. 0.25
2 CCMBINED AT

+ B2 489. 12.75 76. 20. 7. 0.66
HYDROGRAFH AT

+ RIDF 264. 15.50 154. 51, 17. 0.00
ROUTED TO

+ F15-F2 232. 16.75 178. 51. 17. 0.00

HYDRQGRAPH AT
+ 27 62. 13.75 25. 6. 2- 0.24

2 COMBINED AT
+ F2 238, 16.75 185. 58. 19. 0.24

ROUTED TO
+ F2-F3 233. 18.00 182. 58. 19. 0.24

HYDROGRAPH AT
+ 29 176. la.25 94. 25. 8. 1.00

2 COMBINED AT
+ F3 287, 18.00 220. 82. 27. 1.24

ROUTED TO
+ F3-F4 254 . 18.75 218. 82. 27. 1.24

HYDROGRAPH AT
+ 41 220. 14.25 12¢0. 32. 11. 1.2¢

2 COMBINED AT

+ F4 346.  15.50 279. 114. 8. 2.44
. ROUTED TO




Pilot Study Area Modeled w/100-Year 24-Hour Storm
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F4-F5B 327. 16.25 277. 114. 38. 2.44
HYDROGRAPH AT
5Z2B 171. 13.25 51. 13. 4. 0.50
2 COMBINED AT
FSB 335. 16.00 280, 1286, 42. 2.94
ROUTED TO
FSBF&B 136, 16.00 280. 126. 42. 2.94
HYDROGRAFPH AT
60B 160. 13.50 60 . 16. 5. 0.57
2 COMBINED AT
F&B isg, 16.00 ail. 141. 47. 3.51
HYDROGRAPHE AT
52A 65, 14.25 34. 9. 3. 0.31
ROUTED TO
FEAF6A 56, 14.25 34. g. 3. 0.31

HYDROGRAPH AT
&0A

2 COMBINED AT
Feh

HYDROGRAPH AT
RIDG

ROUTED TO
G38-G4

HYDROGRAPH AT
28

2 COMBINED AT
G4

ROUTED TOQ
G4-G5

HYDROGRAPH AT
30

2 COMBINED AT
G5

ROUTED TO
G5-G6

HYDROGRAPH AT
42

2 COMBINED AT
Gé

RCUTED TO
G&-G7

HYDROGRAPH AT
53

2 COMBINED AT
G7

ROUTED TO
G7-G8

HYDROGRAPH AT
61

2 COMBINED AT
e]]

HYDROGRAPH AT
RIDH

ROUTED TO
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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
ROUTED TC
+ H4-H5 271, 16.75 i91. 56 . 23. 1.08

HYDROGRAPH AT

2 COMBINED AT

+ H5 373. 16.25 258. 921. al. 2.08
ROUTED TQ

+ HE-Hé& i64d. 16.75 256. 91. 31. 2.08
HYDROGRAPH AT

+ 54 69 14.25 36 9 3 Q.39
2 COMBINED AT

+ H6 385. 16.75% 276 . 9g. 34. 2.47
ROUTED TO

+ H6-H7 382. 16.75 275. 99. 34. 2.47

HYDROGRAPH AT

2 COMBINED AT

+ H7 394. 16.50 306. 113. 3. 3.04
HYDROGRAPH AT
+ RIDI 434. 13.75 27. 7. 2. 0.00
ROUTED TO
+ I25-13 60. 14.25 7. 2. 1. ¢.00
' HYDROGRAFH AT
+ 32 141. 14.75 86. 24. 8, 0.50
2 COMBINED AT
+ i3 is2 14.25 23 26 9 0.90
ROUTED TO
+ 13-4 130. 17.60 83. 26. 9. 0.90

HYDROGRAPH AT
+ 44 162. 15.00 104. 3L. io. 1.01

2 COMBINED AT

ROUTED TO
+ I4-I5 206. 17.75 155. 56. 19. 1.80

HYDRCGRAFH AT

2 COMBINED AT
+ 15 210. 17.50 169. 63. 21. 2.17

ROUTED TO
+ I5-18 180. 18.50 154. 63. 21. 2.17

HYDROGRAPH AT

2 COMBINED AT

HYDROGRAFH AT
+ RIDJ 209. 14.00 44, 11. 4. 0.00

ROUTED TO

+ J3Ig-J4 61. 15.25 35. 11. 4. 0.00
. HYDROGRAFH AT
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33 174, 14.75 102. 28, 9. 1.00
2 COMBINED AT
J4 233. 14.7%5 136. 39. 13. 1.90
ROUTEL TO
J4-J5 217. 16.00 131. 39. . 13. 1.00
HYDROGRAPH AT
454 159. 15.00 99. 28. 9. 1.00
2 COMBINED AT
J5A 353, 16.00 220, &7. 22. 2.01
ROUTED TO
J5A-5B 340. 16.75 217. 66 . ZZ. 2.01
HYDROGRAPH AT
45B €7. 13.25 24. 7. 2. 0.14
2 COMBINED AT
JSB 344. 16.75 223. 73. 25. Z.14
ROUTED TO
J5B-J6 203. 18.75 189. 73. 25. 2.14
HYDROGRAPH AT
&4 113. 13.75 46. 12. 4, 0.41
2 COMBINED AT
Jé 204. 18.75 193. 84. 28. 2.56

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