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Abstract

Abstract

A two-dimensional analysis of rainfall runoff fromithin the distributary flow areas of the Lee
Moore Wash Basin was conducted using the FLO-2Ddfloouting model (FLO-2D FRM).
Direct runoff was computed with the FLO-2D FRM te SCS Curve Number (CN) Procedure.
The CN procedure was incorporated into the FLO-ZRMFby the writers of the FLO-2D
program specifically for this project following PamCounty Regional Flood Control District
methodology for computing runoff. FLO-2D modelsrevealibrated to HEC-HMS models by
varying input and modeling parameters includingdggize, roughness coefficients, and
roughness adjustment equation options. The 100-8€@our and 24-hour storms were modeled
and indicate approximately 50% of the study aremnsacted by 100-year flooding. The two-
dimensional modeling predicted a 100-year peakhdigge of over 20,000 cfs within the Lee
Moore Wash channel where it crosses the Union iedRdilroad Bridge. Peak discharges were
recorded elsewhere at approximately 1,900 otheatilmas within distributary flow areas and
along watercourses such as the Gunnery Range \Bgshmore Wash, Fagan Wash, Cuprite
Wash, Flato Wash, and Petty Ranch Wash. In addibanodeling the 100-year event, the 10-
and 25-year, 3-hour storms were modeled to helipekeke significant flow corridors.

JE Fuller Hydrology and Geomorphology, Inc.
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1 Introduction

1.1 Purpose

The Lee Moore Wash Basin Management Study (LMWBI4S) flood control planning study
of the Lee Moore Wash Basin. The Pima County Reiélood Control District (PCRFCD)
has identified the Lee Moore Wash Basin as a afiicea with the potential for extensive future
development. The LMWBMS originally included tasts model the entire watershed with
HEC-HMS to determine runoff volumes. This hydratomodeling would then be followed by
HEC-RAS hydraulic modeling to compute flow hydrasli However, during the hydrologic and
geomorphic analyses, it was determined that aivelgtlarge portion of the study area is
characterized by distributary flow. The distribytdlow patterns caused standard watershed
delineation and one-dimensional hydraulic modelmfge ineffective.

The purpose of this current study is to provide-thrmensional flow analysis with the FLO-2D
flood routing model (FLO-2D FRM) at a level of détaufficient for a basin-wide planning
study. This report discusses the two-dimensiotak fanalysis conducted as a part of the
LMWBMS.

1.2 Study Area

The Lee Moore Wash Basin drains an area of appiateiyn 213 square-miles and is located
entirely within Pima County. The basin covers paftthe incorporated limits of both the Town
of Sahuarita and the City of Tucson. Portions led basin are a part of the Santa Rita
Experimental Range and Wildlife area (administeogdthe University of Arizona College of
Agriculture) to the southwest and Coronado NatioRatest to the southeast (United States
Forest Service). The Lee Moore Wash basin drainhé Santa Cruz River and is generally
bounded by OId Vail Connection Road to the nortiteristate 10 to the northeast, Santa Rita
Road to the south, State Route 83 to the eastiten@anta Cruz River to the west. The Lee
Moore Wash basin includes multiple smaller basifsclv drain to washes including the
Gunnery Range, Lee Moore, Fagan, Petty Ranch,,FdatbFranco Washes. Figure 1 shows the
study area.

Drainage in the basin is generally towards the vaest northwest, draining to the Santa Cruz
River. The flow patterns vary within the basinbtitary flow occurs in the upper watershed,
distributary flow occurs within the lower piedmomtnd incised tributary flow occurs near the
Santa Cruz River. Vegetation within the basinygsidal of Sonoran Desert vegetation and is
currently in good condition in most of the undeyeld areas.

The majority of the watershed is undeveloped andmiostly natural conditions with the
exceptions of roads, fences, grazing, stock tamkd, utilities. However, much of the northern
and western periphery and some areas within thelleidre developed and are continuing to
develop, primarily with residential structures.

The limits of the FLO-2D modeling are the drainageas south of the Flato Wash, from the
upper watershed down-basin (northwest) to the Le®rkl Wash, see Figure 2 This area is
approximately 136 square miles.

JE Fuller Hydrology and Geomorphology, Inc.
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Figure 1 - LMWBMS project location map
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Figure 2 - FLO-2D model area
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1.3 Two-Dimensional Flow Analysis Scope

JE Fuller Hydrology and Geomorphology, Inc. (JEFpared this report while under contract
with Stantec Consulting, Inc. (Stantec). This replmcuments the study and results associated
with Change Order 1 of Pima County contract nunilieb9-S-138098-0606. The fulfillment of
the scope is summarized in the following paragraphs

Task 1required JEF to calibrate a FLO-2D model with HE@$imodeling.
Section 5discusses the calibration and detailed analysisusd in Appendix E. Further
verification of results is discussed in Sectiomd &ppendix G.

Task 2required JEF to develop a single FLO-2D model ef tMWBMS for the area south of
the Flato Wash, extending to the upper limit of Wegershed and down to the Lee Moore We
This model would not be highly detailed but would bsed to determine areas where more
detailed modeling would be effective.

Section 2provides an overview antippendix D discusses the model in detail.

Task 3included the development of models of greater tatal smaller study area than Task 2.

Section 6discusses detailed models.
Task 4was a coordination task, requiring JEF to coordingith the FLO-2D FRM developer,
PCRFCD, and Stantec to incorporate Soil ConsemaBervice (SCS) Curve Number (CN)
methodology into the FLO-2D FRM as well as to asghiat proper assumptions were made in
developing the specific FLO-2D models.

Task 4 was ongoing throughout the project.
Task 5required JEF to prepare flood inundation and vé&jatiaps based upon the results of the
FLO-2D modeling.

Flood inundation were prepared in coordination with Stantec. THhemee been provided

separate from this report by Stantec.

Velocity, and depth mapsare included with this report as Exhibit 1.
Task 6was the preparation of this summary report.

This report satisfies Task 6.

JE Fuller Hydrology and Geomorphology, Inc.
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2 Modeling Overview

2.1 General

The FLO-2D analysis was an iterative process wimegblved modeling the area multiple times

and with multiple methods to determine the mostraypate results based upon calibration and
engineering judgment. This section summarizesptioeess followed to generate the ultimate
results. Individual steps are discussed in d&ttal in the report as necessary.

2.2 Overview
The following graphic illustrates the 100-year everodeling and map preparation steps.

(" )

Use of SCS CN verified

400 ft grid modeled, flow patterns determined

200 ft grid modeled and calibrated to HMS methodglo

(. J/

(Study area subdivided into 7 sub-models with hydaphgs from upstream sub-models input downstrTam

( )

Preliminary flood and discharge maps developedsanitted to PCRFCD

(. J/

Models refined to model 3- and 24-hour (100-yryste with rainfall depth varied between models)

- J/

( Results compared to HMS models )

Final flood and discharge maps prepared

L /

Figure 3 - 100-year event FLO-2D model and inundation map development steps

The following list further outlines the steps falled to develop the final flood and discharge

maps provided to the PCRFCD.

1. The SCS Curve number procedure was used withirFti@@-2D FRM to compute direct
runoff. The computations made by the FLO-2D FRM &s grid developer program were
verified before fully committing to model developne

2. The 100-year, 24-hour storm was modeled with aelascale (relatively low grid resolution)
model that had a grid size of 400 feet based upenUSGS DEM and was developed to

JE Fuller Hydrology and Geomorphology, Inc.
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determine general flow patterns and computatioapébilities.

3. A 100-year, 24-hour model with a 200-foot wide guattern was developed using the USGS
DEM. Inflow from the Stantec HEC-HMS model and FRO flow split models were added
to direct runoff computed within the FLO-2D FRM nigithe SCS CN Procedure. The 100-
year, 24-hour rainfall depth of 4.37 was foundha tentroid of the study area and comes
from NOAA Atlas 14 using the upper bound of the 968&tfidence interval. The rainfall
distribution followed the SCS Type | curve.

4. Three of the Stantec delineated sub-basins weeetsdl to use in a calibration analysis. The
sub-basins were modeled with the FLO-2D FRM to meitge the effects of varying certain
input parameters. The 100-year, 24-hour stormthv@snly storm modeled.

5. The results of the calibration routine were incogbed into the 200-foot grid USGS DEM
model. The preliminary results were discussed Bitimtec and the PCRFCD.

6. The portion of the study area within topographiverage provided by PAG (2005) was
analyzed in further detail with 100-foot grid maslelThis area was eliminated from the 200-
foot grid model yielding a 200-foot USGS DEM moddiich terminates along a straight line
running east and west just within the PAG coverafjeis model was labeled Model 0.

7. Based upon the flow patterns from the 200-foot gniodel, the PAG topographic coverage
was subdivided into 6 models with 100-foot widedgri These models receive inflow from
Model 0 as well as from the Stantec HMS models thedFLO2D flow split model “J4”.
The rainfall depth of 4.37 inches was used in altlgls.

The study area was modeled as two-dimensional évept where channels and berms were
found to be hydraulically important. Thereforeyemal areas were modeled with channels
and berms within the FLO-2D models, generally witthie incised regions of the model area
and where berms have been built.

8. Preliminary flood maps and peak discharge maps weweloped based upon the detailed
100-foot grid with the 100-year, 24-hour storm.e$& maps were provided to the PCRFCD
for review and comment. The most significant comimgas that many areas appeared to
have underestimated peak discharges.

9. The cause of the underestimated peak dischargefowad to be primarily due to the use of
the 24-hour storm. Therefore, the 3-hour storm alss modeled
Another cause of the underestimated dischargesdeBsmined to be the use of a single
rainfall depth over the study area. Consequebtiyh the 3-hour and 24-hour models were
modeled with unique rainfall depths for each of 1¥®-foot grid models and the 200-foot
grid model.

10. Several areas were analyzed with HEC-HMS to compdts to the FLO-2D modeling.

11. A delineation was made of areas where 100-ydan8-peak discharges are not appropri
The 100-year, 24-hour peak discharge is reportddiatineated in these areas.

12.Final flood maps were prepared based upon theeagtedischarge from the 100-year, 3-hour
and 24-hour storms and the above delineation.

13.10- and 25-yr models prepared with the 10-year efl@odplain delineated.

JE Fuller Hydrology and Geomorphology, Inc.
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3 SCS Curve Number Methodology

3.1 General

This section discusses the application of the SG&&Number (CN) methodology as it relates
to the FLO-2D models along with the methods usedpat the various SCS CN parameters into
the models.

3.2 General Description of SCS Curve Number Methodo  logy

The FLO-2D FRM can compute infiltration (loss) anohoff (excess) based upon rainfall and

infiltration data (curve number). Within FLO-2Da&h grid element is assigned a single CN, an
average for the area represented by the grid ekemEme CN can be computed outside of the
FLO-2D software suite and input via a number ofhrods, or can be computed with the FLO-

2D Grid Developer System (GDS), the procedure uisetlis project. The GDS computes the

CN following relationships presented within the Ri@ounty Hydrology Procedure and requires
the input of three ESRI format shapefiles;

A shapefile which identifies the hydrologic soilogp (A, B, C, or D or a combination
thereof) along with the hydrologic cover (desertgbr, herbaceous, etc.).

A shapefile delineating the cover density.
A shapefile delineating the impervious areas alweit the percent impervious.

The total loss is computed based upon the raidégth. The initial abstraction can be computed
via the generic procedure for each grid elememtssigned globally. Rainfall data is entered via
a depth versus time distribution table. All otR&O-2D procedures are standard.

3.3 Verification of Methodology

As this is the first use of the SCS CN methodolegthin the FLO-2D FRM, the various
computations were checked for errors by JEF. K wexified that the GDS computes a curve
number as would be calculated by hand following @i@Gounty methodology. The functional
relationships of cover density versus curve nungffiemulas developed that calculate CN from
vegetative cover density and type) derived by th€®©-2D developers were verified with
matching results and the computation of the CNhey&@DS matched several hand calculations.
Over 100 combinations of soil type, cover densityd impervious percentage were computed
externally and with FLO-2D without significant dgffences in the results.

JEF reviewed the results of simplified FLO-2D madie determine if the FLO-2D FRM would
compute infiltration depths matching those compuigcdHEC-1 or by hand. Following initial
review of the model by JEF and discussion with eewision of the FLO-2D FRM by the FLO-
2D developers, it was found that FLO-2D is reliaipleegards to the computation of infiltration
depth for a specific curve number and rainfall dept

JE Fuller Hydrology and Geomorphology, Inc.
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4 Manning’s Roughness Discussion

4.1 General

FLO-2D is unique in how the roughness coefficiethandled within the calculations. This
section discusses how roughness values are useta2D to help explain the calibration
procedure and the seemingly low floodplain rougbreeefficients used in the final models.

4.2  Floodplain Roughness

The floodplain roughness is handled through a ste@mpocess and is defined by the:
Floodplain Roughness Coefficient Entered on the FPLAIN.DAT file and unique forcha
grid element, this is the basic description of fogss for flow depthever 3.0 feet This
coefficient can be altered automatically by apglyanLimiting Froude Number.

Limiting Froude Number. Globally assigned as FROUDL on CONT.DAT file.hi§
automated adjustment to the floodplain roughnesficent can be used to prevent flow
from exceeding a specific Froude Number by indiglu adjusting the floodplain
roughness for each element and each time step.-ZEL@ill report on the adjustments
in the FPLAIN.RGH and CHAN.RGH output files whiclarc be reviewed and used in
determining appropriate roughness coefficients.

Shallow Roughness Coefficient Assigned globally as SHALLOWN on CONT.DAT file.
The minimum value is 0.1 and model will defaulthés if lower values are entered.

Depth Varied Roughness Global coefficient with default status of ontlman be turned off
(AMANN=-99 on CONT.DAT file). Used in order “to iprove the timing of the floodwave
progression through the grid system” (FLO-2D Inplanual, 43).

The FLO-2D FRM applies a Manning’s roughness coffit to each grid element for each time
step per the following:

Table 1 - Grid element roughness rules

Grid flow depth range (ft)  Roughness defined by Applied roughness value

0.0<d<0.2 Shallow Roughness n=SHALLOWN

0.2<d<0.5 Shallow Roughness n=SHALLOWN/2

0.5<d<3 Depth Varied Roughness n=n,*1.5%e *+¥

3<d Floodplain Roughness n=n, (the FPLAIN.DAT value)

Adapted from page 43 of FLO-2D Data Input Manual

JE Fuller Hydrology and Geomorphology, Inc.
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4.2.1 Example Application

Figure 4 gives a graphical representation of hasvrttodel defines roughness on the floodplain.
In this example:

The shallow roughness value is 0.10.
The depth varied roughness equation turned on.
The floodplain roughness value is 0.030.

Per the rules in Table 1, the resulting roughnedsevat 1.0 feet is approximately 1.3 times the
floodplain roughness value (0.039) and the roughreakie at 0.6 feet is approximately 1.4 times
the floodplain roughness value (0.042).

Floodplain roughness used
at depth > 3 ft.

Figure 4 - Representation of depth varied floodplain roughness

One can see that an issue faced when using thisodwbgy is that if the floodplain roughness
is set high enough relative to the shallow roughnedue, the model will compute an increase in
the roughness value from 0.5 feet to a depth josve 0.5 feet. In the case of the floodplain
roughness being 0.045 and SHALLOWN of 0.1, the hmegs at 0.5 ft is 0.050
(SHALLOWN/2) but the roughness at 0.6 ft is 0.068 the depth varied roughness equation.
This may or may not be a problem depending uporgithen hydraulics and the limited time
flow depths are in this range.

4.3 Channel Roughness

The channel roughness value is treated separataty the floodplain roughness with similar
methods. A limiting Froude Number can be assigoe@dach channel element. Additionally, a
depth variable roughness equation is used by FLO-PBe equation varies the roughness from
the assigned roughness value at bank full flowotnes greater value based upon a user defined
coefficient (0 < r2 < 1.2). The greater the vatighe coefficient, the greater the variation in
roughness. Figure 5 is a graphical representatidhe roughness equation relationship with a
base (bank full) roughness value of 0.035 and & bhahdepth of 4 feet.

JE Fuller Hydrology and Geomorphology, Inc.
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Figure 5 - Representation of depth varied channel roughness

One problem noted by this user with the depth dacieannel roughness equation occurs when
channel cross sections are cut which are much déege the flow depth. Consider the situation
of a cross section cut that has banks 8 feet athmv#ow line but a maximum water surface of 3
feet. The model will assume that bank full desti® ifeet and therefore the roughness value at 3
feet of flow depth may be exceedingly high. Thisiation occurs in many of the constructed
channel areas and highly incised areas. Fordaisan, the depth variable equation coefficient is
set on the low side of the range of values, betvie2mand 0.4.

JE Fuller Hydrology and Geomorphology, Inc.
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5 Calibration

5.1 General

This section discusses the calibration procedurdégh wummary results and conclusions.
Detailed discussion is included within Appendix Bdahas been previously presented to the
PCRFCD. Note that calibration was performed fer 100-year, 24-hour model.

5.2 Calibrated Variables
In order to calibrate the model, the input variabieost appropriate to adjust include;

Floodplain roughness coefficient.
Shallow flow roughness coefficient.
The use of depth variable roughness.

Other factors which may affect peak discharge sueface detention depth (the minimum depth
of flow before FLO-2D routes runoff), grid size,dafimiting Froude Number. While it is
desired to calibrate the FLO-2D model to HEC-HM®agadure models, it is not realistic to
expect a FLO-2D model of this scale to generatelte®xactly as would be predicted with
HEC-HMS. One of the primary issues with calibrgtime model is the fact that the FLO-2D
FRM is a physical process model which incorpor#tescoupled effects of flow hydraulics and
hydrograph generation. Therefore, adjusting arpatar such as roughness in order to obtain a
desired peak discharge can have an effect on #dukgbed flow hydraulics.

Several calibration models have been developed ombasins within Petty Ranch, Cuprite,

and Franco Washes. There are 5 basic Petty Ramcelsnwhich model the same area

differently. Similarly, there are 4 basic Cupréed 5 basic Franco models. Within the above
models, individual variables were isolated yieldowgr 100 sub-models. The variables changed
were:

The floodplain roughness coefficient, fran01 to 0.04

The use of the depth variable roughness equationy off.

The shallow flow roughness coefficieft10 to 0.25

The grid element siz&5 and 200 feefor Petty Ranch and Fran@®p feetfor Cuprite.

Peak discharges computed by HEC-HMS for these aveeas compared to those computed by
FLO-2D. For all FLO-2D models, the elevation datas obtained from the available PAG
DEM/DTM data and the limiting Froude Number was &e0.85. Figure 6 shows the model
limits relative to the study area. Table 2 sumaesithe basic geometry of the model limits.

JE Fuller Hydrology and Geomorphology, Inc.
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Figure 6 - Calibration model limits

Table 2 - Calibration model geometry

Model Area Length Ave. Width Ratio Elev. Ave. Slope
(sq mi) (ft) (ft) L:w Change (ft/ft)
(ft)
Petty Ranch 5.388 32,100 4,680 6.9 260 0.008
Franco 3.697 28,900 3,570 8.1 390 0.013
Cuprite 1.468 23,500 1,740 13.5 840 0.036

JE Fuller Hydrology and Geomorphology, Inc.
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5.3 Calibration Model Observations

Detailed results from the calibration procedureiactuded within Appendix E. Review of the
calibration model results leads to mixed conclusionSomewhat predictable results can be
obtained when altering certain variables, whileraily other variables will not yield predictable
results. The reason for this is that the variabkeslinked, for example changing the floodplain
roughness alters the flow depth. If the flow deistlieduced via a lower floodplain roughness
coefficient, then the model may use the shallonghmess coefficient. Likewise, if the depth
varied roughness equation is used, the roughness gifid element may change many times
during a model run.

In general, the FLO-2D FRM predicted peak dischargss than what HEC-HMS predicted
while predicting time of peak values slightly gexathan what HEC-HMS predicted. The
reasons for this are arguable. The HEC-HMS modglires simplified input calibrated to
watersheds modeled elsewhere which may not fultpaat for the local watershed geometry
and hydraulic response. Furthermore, the FLO-2Riehmay overestimate attenuation as the
detail of the primary flow paths is lost in the d®pment of the grid. This may be rectified if
the channel option is used, but this adds greatiyé¢ level of detail required when developing
the models. Table 3 summarizes the recommendaliassd upon the calibration with HEC-
HMS.

Table 3 - Summary of FLO-2D to HEC-HMS calibration recommendations

Variable Recommendation
Depth varied roughness Turn on (leave on as default is on)
equation
Grid element size Use smallest size reasonable.
Floodplain roughness Use 0.030 to 0.035. May use 0.040 for smaller grid sizes. Use a smaller
coefficient value when larger grid sizes are used. Avoid values less than 0.030
unless justifiable and within primary flow corridors.
Shallow roughness Use appropriate value in conjunction with the terrain and the floodplain
coefficient coefficient used. 0.010 may be most applicable for Lee Moore Wash
study area.

The final recommendation based upon the calibrgtimtedure is the threshold flood mapping
depth discussed within Appendix E. It should béedahat the depth discussed is an average
depth over a grid element and does not accouninfoe localized flow depths. This explains
why using a depth as great as 0.5 feet placesldhpercent of the study area within the mapped
flood limits, an arguably low number considering gheet flow documented within the area. A
depth of 0.03 feet places about 90 percent of thdysarea within the flood limits. A more
reasonable value is a depth of around 0.2 feet vaasl the guideline in delineating flood
inundation for this project.

JE Fuller Hydrology and Geomorphology, Inc.



Lee Moore Wash Basin Management Study Two-Dimensional Flow Analysis Report 14
Detailed 100-year Event Models

6 Detailed 100-year Event Models

6.1 General

This section documents the detailed 100-year eke-2D models prepared for this project.
These models were used to prepare the flood iniomdataps (submitted by Stantec separately).

6.2 Model Geometry

The study area was sub-divided into 7 sub-modetedace individual model size and runtime.
The model limits are shown on Figure 7.

«—
«— A ol
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~
~

Figure 7 - Detailed sub-model boundaries
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Model 0 uses the elevation data from USGS DEM awleh200-foot grid. The remainder of the
study area was sub-divided into 6 models, all i@l®-foot grid spacing using PAG elevation
data.

Note that it was necessary to subdivide the mosléh@re are over 311,000 grid elements on two
different elevation models. In addition, exterhgtirographs with large volumes were added to
the model (V023,470 ac-ft), direct runoff was computed, over 6&p0d elements were
modeled with channel sections, and over 30 gridnelgs were modeled with levees. Finally,
the shape of the basin causes over 21,600 cfs 8wDQ ac-ft of runoff to pass through the
space of 200 feet of width at the ultimate outffmmnt. All of the above increase runtime and
would have exceeded available computational ressiiitmodeled in one model.

6.3 Precipitation Depth and Distribution

The 100-year 3-hour and 24-hour storms were modsltgdthe rainfall distribution and depth
entered on the RAIN.DAT FLO-2D file. Rainfall dataas obtained from NOAA Atlas 14 using
the upper bound of the 90 percent confidence iatgthe upper bound data was used based on
direction from the PCRFCD). The 3-hour storm falem the most intense portion of the SCS
Type Il curve using a distribution provided by tRERFCD and verified by JEF. The 24-hour
storm was modeled with the temporal distribution rainfall obtained from SCS Type |
coordinates. For both distributions, the rainfa#igins at 12 hours as the Stantec HEC-HMS
models have a start time of 12:00. The followialglé summarizes the 100-year 3-hour and 24-
hour rainfall depths used in the 7 models.

Table 4 - 100-year precipitation depths

Model Area Centroid 100-year depth (upper bound of
90% confidence interval)
(sq mi) Longitude Latitude 3-hour 24-hour
0 33.21 31.880 110.802 3.74 4.83
1 10.88 31.930 110.900 3.23 4.19
2 11.15 31.928 110.831 3.35 4.40
3 13.95 31.939 110.788 3.45 4.50
4 26.16 31.975 110.763 3.42 4.45
5 26.69 31.993 110.856 3.24 421
6 14.29 31.995 110.918 2.87 3.76
Total 136.33
Weighted 3.39 4.40

6.4 Roughness Values

The floodplain roughness coefficient was assigngdgbographic location (based upon the
calibration);0.030within piedmont areas ar@0400n hillslope areas. The shallow roughness
coefficient was set t6.10and the limiting Froude Number (floodplain) was tee€).85

It is noted that the above floodplain roughnesdfments may be interpreted as low considering
the terrain. However, recall the rules discusséithinv Table 1 and note that this roughness
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coefficient applies to flow depths over 3 feet. viRey of the flow depths reported by FLO-2D
indicates that the vast majority of time steps oauith flow depth less than 0.5 feet, causing the
model to use the shallow roughness coefficient.

A good indication that any roughness coefficientajgpropriate is analysis of the Froude
Number. This can be accomplished with the FLO-ZRMFvia limiting the Froude Number,
thereby forcing FLO-2D to adjust the assigned fldath roughness values up to limit the
Froude Number to some maximum value. Therefopreminary model was executed with an
extremely low global floodplain roughness coeffiti®f 0.010, the limiting Froude Number set
to 0.55, and depth variable roughness turned one résulting adjusted floodplain coefficient
values (reported by FLO-2D within the FPLAIN.RGHejiwere typically less than 0.035 on the
piedmont and less than 0.050 on the hillslopestedtity, flow on the hillslopes is likely critical
with a Froude Number near 1. Tests were perfororedhe piedmont areas and the Froude
Number is realistically between 0.3 and 0.8, dependpon location. This test supports the
values used for floodplain roughness coefficients.

6.5 SCS Curve Number Inputs

Stantec originally developed SCS CN shapefilesute in the HEC-HMS model. These files
were obtained by JEF. Where the FLO-2D model amei@nded outside of the original
delineation by Stantec, the parameters were assiggeJEF following procedures used by
Stantec. The methods employed by Stantec assitpeelalydrologic cover based upon land use
(development type and density) and other paramet€aver density was set to 20 percent at
elevations below 4,000 feet and 30 percent abd@04feet.

6.6 Inflow and Outflow Locations

Models 1 through 4 receive inflow hydrographs frbfodel O and route this flow downstream
along with runoff generated from rainfall on thedeted surface. Model 4 also receives runoff
hydrographs from HEC-HMS modeling and the J4 flgulitsmodel. Along with modeling
rainfall runoff, Model 5 receives inflow hydrograplirom Models 2, 3, and 4. Model 6 adds
local runoff to inflow hydrographs from Models 1dab. See Appendix F for further details
including flow routing diagrams.

The FLO-2D FRM will model the hydraulics of outfloséements but does not model the rainfall
falling on these elements. There is consequentgeacell overlap between models to account
for all of the rainfall volume within the study are Outflow hydrographs are recorded by FLO-
2D in OUTNQ.DAT for floodplain elements and withihY CHAN.DAT for channel elements.
These hydrographs were entered into the INFLOW.Didd. An automated script was
developed by JEF to build the INFLOW.DAT files.

Outflow from the model area is recorded along Satau&®oad, from Model 1. Breakout flow
from Model 5 is recorded along Wilmot Road and &eamecorded this as inflow into the HEC-
HMS model. Finally, outflow from Model 6, at thenldn Pacific Railroad Bridge over the Lee
Moore Wash, is recorded as inflow into Stantec’s$iModel.

Breakout flow was found to occur within Model 6 radpa berm as labeled on Figure 7. Runoff
at this location drains west and then north to texetne Lee Moore Wash. This breakout was
not modeled on the large-scale model and is nat/slom Pima County GIS flow lines but it was
however modeled within the detailed models.
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7 100-year Event Results and Verification

7.1 General
This section discusses the 100-year event resultsa analysis to verify the results.

7.2 Detailed Model Results

The peak discharges and volumes entering and gxitie study area are summarized in the
following table. See the flood inundation mapsrfare discharge information.

Table 5 - 100-year event summary results

Peak Discharge Time of Peak* Volume
(cfs) (hr) (ac-ft)

3-hr 24-hr 3-hr 24-hr 3-hr 24-hr
Inflow
Rainfall 24,625 32,012
Total inflow hydrograph 2,489 3,472
Inflow from Stantec J9 9,840 5,770 3.3 11.4 1,750 2,471
Inflow from Stantec J11 3,150 1,840 2.8 11.3 519 746
Inflow from Stantec CU-J1 1,240 690 25 10.9 149 219
Inflow from J4 flow split 540 230 3.8 12.2 71 37
Rainfall and inflow sum 27,114 35,485
Loss volume
Infiltration and Interception 10,401 11,216
Storage 2,666 2,666
Total loss 13,066 13,882
Outflow
Total outflow 14,126 21,655
Outflow 1 21,910 20,210 7.8 17.2 12,109 18,765
Outflow 2 2,940 2,120 5.6 14.0 1,045 1,369
Outflow 3 1,450 1,420 6.1 15.9 732 1,148
Outflow 4 430 410 5.6 15.6 240 373

* Reported time of peak values represent time from the beginning of rainfall.

Approximately 1,900 flow recording cross sectionsrev coded into the FLO-2D models.
Shapefiles representing the extents of these haga prepared and included within this report
for use by the PCRFCD. The provided cross sectiecgrd peak discharge, flow volume, time
of peak, and other information for the 100-yeaaBd 24-hour storms. The flood inundation
maps also show these cross sections where thedpadiarge recorded exceeds 100 cfs. See the
table within Appendix C for more detail regardimgstshapefile.
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7.3 Discharge Verification

Several areas within the FLO-2D study area haven loedineated using normal watershed
delineation methods with runoff computed by HEC-HMEhese verification area sub-basins are
the most tributary of the study area to assure tthetrunoff computed within FLO-2D is local
and not significantly impacted by upstream flowitspl The intent was to provide comparative
values for discharge, time of peak, and runoff wwduto analyze the appropriateness of those
values predicted by FLO-2D. The locations of the-basins are shown on Figure 8.

The analysis generated results similar to the litn procedure discussed within Section 5:
FLO-2D consistently predicts lower peak dischargdues than HEC-HMS. Runoff ratios
between the methods from the 19 sub-basins arersiroWable 6. Graphical representation of
the predicted peak discharge versus drainage aeeshawn on Figure 9 and Figure 10. Further
detailed results can be found within Appendix G.

Table 6 - Ratios of FLO-2D to HEC-HMS runoff values, 100-year event

Test Area Area Discharge ratio* Time to peak ratio* Volume ratio*
(sg mi) 3-hour 24-hour 3-hour 24-hour 3-hour 24-hour

2-5 0.056 0.75 0.81 0.99 1.02 0.96 1.01
2-2C 0.067 0.67 0.70 0.99 1.00 0.97 1.06
2-4A 0.074 0.60 0.83 1.08 2.18 1.82 1.98
2-4C 0.088 0.83 1.04 0.84 1.01 1.03 111
2-4B 0.113 0.67 0.73 1.08 2.17 151 1.50
5-3 0.116 0.63 0.76 1.16 1.01 1.00 1.05
2-3A 0.219 1.25 1.43 0.94 0.99 0.87 0.91
2-2A 0.489 0.67 0.75 1.02 1.01 0.55 1.27
4-2 0.511 0.85 0.86 1.10 1.01 0.85 0.89
4-3 0.590 0.99 0.93 1.04 1.02 0.94 0.97
5-2 0.643 0.95 0.84 1.07 1.03 0.80 0.87
7-2 0.668 0.80 0.85 1.14 1.03 0.90 0.96
4-1 0.800 1.76 0.97 1.06 1.01 0.88 0.91
1-1 0.813 1.07 0.81 1.03 1.02 0.75 0.78
6-1 0.936 0.61 0.71 1.14 1.03 0.87 0.91
2-2B 0.970 0.61 0.69 1.14 1.06 0.55 1.28
7-1 1.034 0.82 0.82 0.97 1.02 0.83 0.89
J2-2 1.459 0.58 0.66 1.12 1.05 0.81 0.87
5-1 1.625 1.09 1.09 1.02 1.00 0.86 0.90
J4-4 1.725 0.81 0.82 1.14 1.03 0.79 0.85
2-3A&B 1.747 0.67 0.77 1.05 1.03 0.83 0.90
1-2 2.869 1.09 1.12 0.98 1.00 0.92 0.97
3-1 7.760 0.78 0.93 0.97 1.03 0.82 0.89
Average 1.103 0.85 0.87 1.05 1.12 0.92 1.03

* Values equal FLO-2D result / HEC-HMS result.
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Figure 8 - Verification sub-basin location map
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HMS 3-hr \
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.

\ FLO-2D 24-hr

Figure 9 - Comparison of 100-yr discharge vs. drainage area, FLO-2D and HEC-HMS, DA < 1sq mi
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HMS 3-hr \
FLO-2D 3-hr \

<+— FLO-2D 24-hr
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Figure 10 - Comparison of 100-yr discharge vs. drainage area, FLO-2D and HEC-HMS, DA > 1sq mi
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7.4 1988 HEC-1 Model

The 1988 Pima County Department of Transportatiom &lood Control District report
“Hydrologic Investigation for the Lee Moore Wash shed, Pima County, Arizona”
documented a HEC-1 model of the same study ardee HEC-1 model computed peak, 100-
year, 24-hour discharge values comparable to tfrose this study as shown in the following
table. See Figure 9 for locations of the point$able 7. Also see Plate 2 for corresponding key
concentration points.

Table 7 - Comparison of discharges between FLO-2D model and 1988 HEC-1 model

Point Corresponding Watercourse 1988 FLO-2D FLO-2D FLO-2D
ID Plate 2 Key HEC-1 Peak Q Peak Q Cross
Concentration Model 100-yr, 100-yr,  Section
Point Q- 3-hr 24-hr
100,24 (cfs) (cfs)
(cfs)

1 Breakou1  OumneryRangeaboveleeMoore 5. 4630 4480 6121
Wash

. n/a Lee Moore Wash below Gunnery 5,207 n/a n/a n/a
Range Wash

3 SC13 Sycamore Canyon above Lee 7793 7,260 6220 6168
Moore Wash

4. LM1 Lee Moore Wash below Sycamore 12,554 7.080 6.150 6-052
Canyon Wash

-5- FA5 Fagan above Lee Moore Wash 7,817 9,230 7,390 6-062

-6- LM5 Lee Moore Wash below Fagan 19,814 12,830 10,850  6-018
Wash

-7- Ccu4 Cuprite above Lee Moore Wash 3,171 8,900 6,750 6-081

8 PR4 Petty Ranch above Lee Moore 1,103 1,780 1,070 6-141
Wash

9 LMS Lee Moore Wash below Gunnery n/a 20,860 18,980 6-019
and Fagan

10- LM9 Lee Moore Wash below Petty 19,711 21,910 20210  6-001

Ranch Wash

The discrepancies at Point ID 1, 4, and 6 are fsogmitly due to the modeling along the Gunnery
Range Wash: the FLO-2D model routes flow from Guyrieange Wash west, crossing a
location where the berm does not provide contaiimand combines this breakout flow
downstream of the Fagan Wash, back into the Leerd®dash while this breakout was not
accounted for in the HEC-1 model (see the diffefeaw path delineations on Figure 9). The
discrepancy at Point ID 7 may be due to modelinday splits upstream within the FLO-2D
model not done within the HEC-1 model.
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Figure 11 - Location map for comparison of discharges between FLO-2D model and 1988 HEC-1 model
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8 Delineation of 100-year Event Floodplain

8.1 General

This section briefly documents the delineation bé t100-year event floodplain and the
determination of the dominant discharge to repowtnf the 100-year, 3- and 24-hour event
models at different locations.

8.2  3-hour versus 24-hour Discharge

The vast majority of the study area has peak driggsawhich are greater during the 3-hour
storm simulation, even at the most downstream erithe dissimilarity between the peak
discharges in the major threads is not significamhost cases (note the similarities between the
discharges at the outflow points) and the 3- anti@4 storm models place similar quantities of
land within flood inundation areas. However, loaas were found where the 3-hour discharge
may be unrealistic. Therefore, it was decidedefmort and delineate to the greater of the 3-hour
and 24-hour storms up to a certain threshold. hi®dnd, it was decided that a drainage area of
10 square miles is a reasonable cutoff as it i&kelylthat the 3-hour storm will be the dominant
storm in areas greater than this.

To facilitate this methodology, a calculation wasrfprmed to estimate the generic runoff
volume from 10 square miles. Any location whergotume is recorded in excess of this is
assumed to have more than 10 square miles ofampdirainage area. Based on an assumption
of an average curve number of 85.2 and averagey@@0-3-hour rainfall depth of 3.39 inches,
the threshold volume is 1,000 acre feet of runétbw recording cross sections with this volume
were highlighted and a final delineation was magéadnd which included all of the highlighted
cross sections and others based upon judgment.ddliveation (Figure 12) basically includes
the Flato and the Cuprite Washes as well as thsad@ortions of the Gunnery Range and Lee
Moore Washes. All reported peak discharges withis area are based upon the 24-hour model.

8.3 Floodplain Delineation

Detailed flood mapping was done only within the PA@verage, within the limits of Models 1
through 6. The flood inundation maps were delie@dty hand based upon the peak discharges
predicted by FLO-2D using the automated mappindstod FLO-2D Mapper as a guide. In
general, delineation was done in areas where pegkatges of over 100 cfs were recorded.
Other areas were delineated where judgment indlagtber the FLO-2D runoff estimate may be
low or no cross section was present but runoff mapver 100 cfs. Normal depth cross sections
were modeled in many locations to fine tune thedidimits. The final delineation indicates
approximately 48 square miles of the study areah{wiPAG coverage) is prone to 100-year
flood inundation.
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Figure 12 - Map of area where the 100-year, 24-hour discharge is dominant
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9 10-year and 25-year Event Models

9.1 General

During the course of the overall planning studywds decided that a technical approach to
delineating flow corridors was necessary. For temson, the 10- and 25-year events (3-hour
duration) were modeled with the 10-year event flaioh selected as a guide for flow corridor
delineation (performed separately by Stantec).

9.2 Model Input

The 100-year, 3-hour simulation models were revigedeflect the 10- and 25-year rainfall
depths. Hydrographs for the Flato and Cuprite Washkere provided by Stantec. The Franco
Wash J4 flow split was not modeled as its influenoethe overall floodplain is minimal. No
other revisions, calibrations, or verifications e@erformed.

9.3 Results

Table 8 summarizes runoff. 10-year event flooditinihave been delineated where 10-year
discharge exceeds 100 cfs (provided in shapefitendd and shown on Plate 2). The flow
recording cross section shapefiles document thad®-25-year runoff values.

Table 8 - 10-year and 25-year event summary results

Peak Discharge Time of Peak* Volume
(cfs) (hr) (ac-ft)
10-yr 25-yr 10-yr 25-yr 10-yr 25-yr

Inflow

Rainfall 15,839 19,119
Total inflow hydrograph 1,225 1,645
Inflow from Stantec J9 4,740 6,460 3.5 3.4 898 1,199
Inflow from Stantec J11 1,460 1,990 3.0 29 256 348
Inflow from Stantec CU-J1 560 790 2.6 25 71 98
Rainfall and inflow sum 17,064 20,764
Loss volume

Infiltration and Interception 8.833 9,528
Storage 2,649 2,662
Totalloss 11482 12,190
Outflow

Total outflow 5,461 8,404
Outflow 1 4,450 8,990 10.3 9.9 4,767 7,299
Outflow 2 980 1,480 6.8 6.1 427 604
Outflow 3 270 550 11.5 9.1 196 376
Outflow 4 80 200 11.7 8.5 53 125

* Reported time of peak values represent time from the beginning of rainfall.
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10 Summary, Conclusions, and Recommendations

This report has provided the documentation andtsefiom a two-dimensional flow analysis of
the Lee Moore Wash using the FLO-2D FRM. In sunymar

Detailed FLO-2D models were prepared based on @i9® PAG DTM and DEM data

with flood limits delineated to 2-foot contour in¢al topography.

The 100-year, 3-hour and 24-hour general stormseweodeled with the greatest
discharge reported on the flood inundation mapsdpetxin major flow corridors, where

the 24-hour discharge is reported).

Rainfall data was from the upper bound of the 9@¥fidence interval.

100-year flood limits were delineated and are regméed on the accompanying flood
maps and are also included in the attached digial

10-year flood limits were delineated and includedhie attached digital files.

FLO-2D models were calibrated to HEC-HMS modelshwitreasonable constraints.
Results from the modeling have been verified aesdviocations against HEC-HMS
modeling.

The FLO-2D modeling indicates that approximatelg-dralf of the study area is prone to
flood inundation during the 100-year event.

10.1 Accuracy of Results

The various comparisons of FLO-2D and HEC-HMS medeadlicate that the FLO-2D FRM, on
average, predicts discharges that are approxima&ly lower than those predicted by HEC-
HMS. The HEC-HMS model is an accepted methodolbgy, HEC-HMS results should not be
considered the “correct” results but rather a baselalue to compare other methods to. Much
of the reduction in peak discharge by FLO-2D mayabeounted for by modeling storage and
attenuation that is not fully accounted for with GHEEMS. The computation of time of
concentration for the HEC-HMS model is an issue clwhimay alter the results as this
computation requires user assumptions and judgamahtis based on calibration to watersheds
outside of the study area. Considering the braadesof this project, the FLO-2D results are
valid and useful for this planning study.

That said, when using the FLO-2D predicted peakhdigges, time of peak, or other data, it is
important to understand that the results may be desservative than those generated by other
methods (although not necessarily less accuraitgcorrect). Considering the modernity of this
methodology and that the discharges generatedi®wtilndy may guide future regulatory action,
PCRFCD may want to consider the appropriateneiseafesults and the potential for a factor of
safety of say 1.10 to 1.15 for the peak dischargesithermore, because FLO-2D consistently
predicted a higher time of peak, a factor of safepy be applicable when combining FLO-2D
generated hydrographs with HEC-HMS hydrographs.

A factor of safety may be most appropriate witimmadler drainage areas. Larger drainage areas,
specifically where major watercourses join, maymeed this considering that the FLO-2D study
area assumed a stalled storm over the entire baitiaut aerial reduction.

It should be stressed that the 3-hour storm isldag of a duration for many smaller drainage
areas and individual studies must account for tmoff from a shorter duration, more intense
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storm Smaller areas studied with the Pima County P@rblprogram (or similar method) will
certainly have predicted peak discharges excedtosg presented within this study.

Finally, a comment on the use of the flood inunmtatmaps. These maps were prepared for
planning and management purposes from a broad gesdpective._Use of the flood inundation
maps in setting floor elevations or determiningrnfindividual parcel is in or out of a flood plain
is cautioned and may not be recommend&dot or project-specific drainage analysis ikiely

be necessary depending upon the given situation.

10.2 Unmodeled Breakout Flow

Outflow from the model area was recorded along S8atauRoad at locations labeled Outflow 3
and Outflow 4 and this flow was not modeled doweestn of Sahuarita Road. In reality, some
portion of this flow will continue north to rejoithhe Lee Moore Wash channel flows, potentially
adding another 10% or more to the peak discharderuhe railroad bridge. However, this flow
that breaks out enters into the Santa Cruz Riedflain and much of this area has already
been mapped as FEMA floodplain. Furthermore, gmra of this overall project, Stantec is
analyzing the effects of a potential breakout frhra Santa Cruz River which will generate a
discharge within the Lee Moore Wash channel in sxa# what can be generated from the Lee
Moore Wash basin. These details were discussedebatJEF, Stantec, and PCRFCD with the
conclusion being that modeling this area would l&tld useful information to the overall project
at this time. Further analysis of the breakout rbayof use if either it is found that the Santa
Cruz River breakout is not as severe as originatincluded or if structural measures are
employed upstream to contain the Santa Cruz Rineakiout flow.

10.3 Summary Map

Plate 2 is included to summarize the results offb®-2D modeling. This plate shows the 10-
and 100-year flood limits along with some signifitdlow paths. In addition, the 10-, 25-, and
100-year peak discharge data have been summatizesiexal key points of interest.
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B Northern Flow Splits Analyses

Prior to the development of the extensive FLO-2Ddelmg discussed throughout the report,
JEF prepared three flow split analyses for Starttecassist with the HEC-HMS model
development. The analyses were conducted whilerurwhtract with Stantec and were a part of
Task B of Pima County contract number 16-59-S-1880806. The HEC-HMS models were
developed by Stantec. Through the course of theerelzed delineation, Stantec identified
several areas where it was not readily clear aghich direction to route a hydrograph from a
concentration point. JEF developed FLO-2D modeithese areas with the purpose of defining
which direction(s) to route hydrographs. The ressaf the FLO-2D modeling have already been
shared with Stantec and incorporated within the HHMLS model. JEF also produced shapefiles
representing the flooded area and shared thesefibapvith Stantec for use in the floodplain
mapping. The FLO-2D methodology and results areluded within this report for
documentation and continuity purposes.

B.1  Modeling Methodology
The FLO-2D FRM, version 2006, was used to model #plits.

Terrain data was obtained from the Pima AssociatfoBovernments (PAG) in the form
of Digital Elevation Model (DEM) data in text filomrmat. The DEMs typically have
ground data on an 8-foot grid. The FLO-2D Grid Bleper System (GDS) was used to
interpolate the elevation points.

Hydrographs were obtained from Stantec and inpub ithe models within the
INFLOW.DAT file. In order to avoid over concenti@t of inflow, several of the
hydrographs were evenly divided amongst multipld glements. A hydrograph divided
amongst n grid elements had the discharge divigatfbr each ordinate.

Shapefiles were developed representing the Manirgighness coefficient within the
modeled area. The GDS was used to assign themesglvalues based upon location of
the grid in relation to the roughness shapefiles.

The grid size varied between the models and waglladependent upon the modeled
area and discharge. An attempt was made to keepumber of grid elements below
15,000 to minimize computational time.

Floodplain cross sections were encoded to recagéak discharge and hydrograph at
various locations, but most importantly at the misivnstream boundary of the model.
Hydrographs from the HYCROSS.OUT file representfin split hydrographs.

B.2  Flow Split Locations and Extent

The location and extent of the 3 flow split modate shown on Figures B-1 and B-2 and on
Plate 1. The models generally cover areas where tilavels west from an area of tributary to
distributary flow patterns. The models are nanwdHe concentration point, labeled by Stantec
(in preliminary models, these may have changede3invehich is upstream of the flow split. The
J2 model is within the Franco Wash basin and dooatsnthe flow split between the Franco
Wash to the north and a Franco Wash tributary ¢ostbuth. The J4 model represents a split
which occurs within the Franco Wash tributary, vgestn of the J2 model. The north flow split
drains to the Franco Wash tributary while the saylit drains to a Flato Wash tributary within
the J12 model area. The J12 model is the largestgards to geographic area and represents
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flow splits between the Flato, Cuprite, and Petan&h Washes. The southern flow splits enter
into the larger two-dimensional flow area discusa&tin the report.

Note that the more detailed, 100-foot grid modeldude this J12 flow split area with direct
runoff on the surface computed with FLO-2D. Theiglen to do this followed preliminary
analyses which determined that modeling the J1i2 sgbarate of the remainder of the FLO-2D
model area artificially contained runoff to the tiorrunoff which splits into the Cuprite Wash.

Figure B - 1 - Location map for northern flow split analyses
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Figure B - 2 - Location map for northern flow split analyses with Stantec sub-basins
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B.3 Results

The various flow split models are summarized in fibdowing subsections in the order they
were prepared. Further details can be found ote Plawhich shows the flow depths, flow
recording cross section locations, and inflow hgdaph locations. The FLO-2D input files,
output files, and FLO-2D Mapper generated shapeéite found within the attached digital files.

B.3.1 J4
Table B.1 — Summary of J4 Model

Grid element spacing (ft) 16

Number of elements 11,839

Inflow hydrograph peak discharge (cfs), 3-hr / 24-hr 1,601 1,280
Inflow hydrograph volume (ac-ft) , 3-hr / 24-hr 361 592
Outflow volume from grid (ac-ft) , 3-hr / 24-hr 356 586
Volume of floodplain storage (ac-ft) , 3-hr / 24-hr 5 6
Number of floodplain cross sections coded 6

Number of flow splits recorded 2

Flow split labels

J4-South, J4-North

Table B.2 — Summary of J4 Flow Splits

Flow Split  Corresponding Sub-basin Q 3-hr Q 24-hr V 3-hr V 24-hr

Label Cross Section Split Drains (cfs) (cfs) (ac-ft) (ac-ft)
Into

Ja-South  CS4 '(;'uet"]i‘;"tief EL1s 359 229 48 37

J4-North CS5 Upland FR11 1,248 1,055 308 550

B.3.2 J2

Table B.3 — Summary of J2 Model

Grid element spacing (ft) 65

Number of elements 24,215

Inflow hydrograph peak discharge (cfs), 3-hr / 24-hr 3,230 2,710

Inflow hydrograph volume (ac-ft) , 3-hr / 24-hr 1,031 1,704

Outflow volume from grid (ac-ft) , 3-hr / 24-hr 886 146

Volume of floodplain storage (ac-ft) , 3-hr / 24-hr 145 1,558

Number of floodplain cross sections coded 11

Number of flow splits recorded 3

Flow split labels

J2-South, J2-Mid, J2-North
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Table B.4 — Summary of J2 Flow Splits

Flow Split  Corresponding Sub-basin Q 3-hr Q 24-hr V 3-hr V 24-hr
Label Cross Section Split Drains (cfs) (cfs) (ac-ft) (ac-ft)
Into
J2-North  CS1 (F)gtlfg” of 914 819 267 454
J2-Mid CS?2 Sgtlf‘;‘” of 642 609 230 424
32-South  CS4 outfatlof 0 0
B.3.3 J12
Table B.5 — Summary of J12 Model
Grid element spacing (ft) 150
Number of elements 15,907
Inflow hydrograph peak discharge (cfs) 1,260
Inflow hydrograph volume (ac-ft) 4644.2
Outflow volume from grid (ac-ft) 3955.3
Volume of floodplain storage (ac-ft) 688.9
Number of floodplain cross sections coded 28
Number of flow splits recorded 5
Flow split labels Cuprite, PR-S, PR-N,
FL-S, FL-N
Table B.6 — Summary of J12 Flow Splits
Flow Split Corresponding Sub-basin Split Q 24-hr V 24-hr
Label Cross Section Drains Into (cfs) (ac-ft)
Outfall of
Cuprite Cs1 Unlabeled 2,383 1,519
Cuprite
PR-S CS2 Upland PR 2 1,372 987
PR-N CS3 Upland PR 1 42 30
FL-S CS4 Upland FL 18 132 100
FL-M CS5 Upland FL 17 899 826
FL-N CS6 Mid FL 17 707 504
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Several shapefiles are included: 10-year floodt&mi0O0-year flood limits, flow recording cross

sections, inflow locations, and outflow location&/hile most are self explanatory, the flow
recording cross sections shapefile fields are kbetamn the following table.
Example | Description

Field
CS_LABEL
Q_PEAK

DEP_100

VEL_100

REGULATORY
Q_100_03
RND_100_03
Q_100_24
RND_100_24
TP_100_03
TP_100_24
VOL_100_03
VOL_100_24
Q_RATIO
T_RATIO
VOL_RATIO
DEP_100_03
DEP_100_24
VEL_100_03
VEL_100_24
Q_010
Q_025
TP_010
TP_025
VOL_010
VOL_025
MAXSTORM
FORCE_24HR
SHOW
FLO_DIR

6-087
1,230

10.86

7.79

YES
1222
1230
988
990
15.79
28.35
609
964.14
1.24
0.56
0.63
10.86
9.82
7.79
7.04
310
488
22.14
16.76
254.24
377.59
3 Hour
NO
YES

Cross section label, including model number and CS number from model

Maximum 100-year discharge based upon 100-yr, 3- and 24-hour models.
24-hour discharge shown in major flow corridors per "FORCE_24HR" field.

Maximum 100-year flow depth based upon 100-yr, 3- and 24-hour models.
24-hour depth shown in major flow corridors per "FORCE_24HR" field.

Maximum 100-year flow velocity based upon 100-yr, 3- and 24-hour
models. 24-hour shown in major flow corridors per "FORCE_24HR" field.

Yes if "Q_PEAK" is 100 cfs or more.

Recorded peak discharge during 100-yr, 3-hour storm

"Q_100_03" rounded up.

Recorded peak discharge during 100-yr, 24-hour storm

"Q_100_24" rounded up.

Recorded time of peak during 100-yr, 3-hour storm (rain starts at t=12)
Recorded time of peak during 100-yr, 12-hour storm (rain starts at t=12)
Recorded runoff volume during 100-yr, 3-hour storm

Recorded runoff volume during 100-yr, 24-hour storm

Ratio of Q100.3 t0 Q100-24

Ratio of T1pg.3 t0 T1gp.25 (T=TP-12)

Ratio of Volumejgo.3 to Volumegg.oe

100-yr, 3-hour flow depth obtained from analysis external of FLO-2D.
100-yr, 24-hour flow depth obtained from analysis external of FLO-2D.
100-yr, 3-hour flow velocity obtained from analysis external of FLO-2D.
100-yr, 24-hour flow velocity obtained from analysis external of FLO-2D.
Recorded peak discharge during 10-yr, 3-hour storm

Recorded peak discharge during 25-yr, 3-hour storm

Recorded time of peak during 10-yr, 3-hour storm (rain starts at t=12)
Recorded time of peak during 25-yr, 3-hour storm (rain starts at t=12)
Recorded runoff volume during 10-yr, 3-hour storm

Recorded runoff volume during 25-yr, 3-hour storm

Details which discharge, Q1go.3 Or Q100.24, iS greater

Describes whether the 100-yr, 24-hour peak discharge is forced to show
Describes whether the cross section is shown on the flood maps

Direction flow recorded, 1=N, 2=E, 3=S, 4=W, 5=NE, 6=SE, 7=SW, 8=NW
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D Large-Scale Model

This section discusses the development of andtseisam the large-scale (lower grid resolution)
FLO-2D model. The model is generally south of Fteto Wash. The results of this model were
used to develop the ultimate, more detailed modBecause the more detailed models discussed
within this report supersede the large-scale modbts large-scale model input and output is
omitted from this report to avoid confusion.

D.1 Elevation Data

Elevation data used in the large-scale model wéairtdd from United States Geological Survey
(USGS) Digital Elevation Model (DEM) data. DEM dabn a 10 meter grid was obtained for
the nine 1:24,000 scale quadrangle maps coveragnibdel area. USGS DEM data was used
instead of PAG DEM/DTM data for the following reaso

The PAG data does not cover the entire study area.

A single square mile of DEM data from PAG conta@pproximately 500,000 elevation
points, requiring extensive computational resouroesr the entire 126 square mile
model area.

The resolution of the FLO-2D model is coarse; 8&fB&AG DEM data would not be
necessary on grids exceed exceeding 3 acres in size

FLO-2D GDS can import the DEM data directly, bug thorizontal projection of the DEM data
does not match the state plane projection usedifg Eounty. Furthermore, the DEM data
contains metric elevation points. For these resstire DEM files were projected with ArcView
software and the elevation points were scaled gp@ately before importing into the GDS. The
resulting elevation points are on the state plardinate system with elevations in feet.

D.2  Grid Development

The FLO-2D GDS was used to develop the grid. Altmg north and east side of the model
area, the grid was cut to align with the waterstheliheated by Stantec for the Cuprite and Flato
basins. The grid was limited along the south &edwest by an apparent watershed divide. The
most downstream limit of the FLO-2D model grid ieteast side of Old Nogales Highway,
where the Lee Moore Wash crosses under the railbo@ge. This location was assigned as
outflow from the model. Additional outflow was &gsed along Sahuarita Road, west of the
Gunnery Range Wash, where a flow split upstreanhisflocation causes a sizeable volume of
water to exit the basin.

Along the west side of the study area, north ofuaaka Road, there currently exist berms that
contains runoff to the basin. These berms arédleisin the PAG topography but not on the
USGS DEM. An analysis performed entirely on USG$advould likely not account for these
berms and flow would not be contained to the ba3inerefore, the grid has been defined in this
area based on PAG topographic data. Grid elemewnateons in this area have been adjusted
manually to provide positive drainage in the dowaetn direction. It should be noted that the
western edge of the model does not accurately ntbddiydraulics.

The grid element size used in initial modeling @ 4eet, requiring approximately 22,000 grid
elements for the model area and approximately aoe of run time. The final model is a 200-
foot grid model with almost 90,000 grid elementsl ansubstantially longer run time. The 400-
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foot grid model is used in calibration routines aoddetermine general trends before fully
developing the 200-foot grid model.

The GDS was used to import the DEM data and intatpoelevation points. Some grid

elements required manual adjustment of elevatipecifically in the highest elevations with

significant relief within a single grid element dodwhere incised flow paths run diagonal to the
orthogonal grid system. Grid element elevationsevaaljusted to provide positive relief in the
downstream direction and to avoid ponding of rumffing the simulation.

The FLO-2D model was developed with floodplain datdy, no channels were specifically
modeled. Attempts were made to model some of dhgeft watercourses within the incised,
downstream areas. However, the course resolufigheomodel did not couple well with the
detail associated with modeling the channels. Heumore, detailed modeling within these
incised areas (and the additional effort requireddd so) is better left to the more detailed
models based upon the PAG elevation data.

D.3 Inflow From J-12 Model

Three hydrographs were added to this model aswnffom the J-12 flow split model. The
hydrographs from J12 cross sections 1, 2, and & wgaut into the plan position within this
model relative to their placement within the J12delo

D.4  Precipitation

The 100-year, 24-hour storm was modeled followhg$CS Type | distribution with a single
rainfall depth of 4.37 inches.
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E.1l HEC-HMS Calibration Models

The HEC-HMS parameters are summarized in TablelE Note that some of the parameters
differ from the HEC-HMS model submitted for thisojgct for comparative purposes. The CN
has been rounded and impervious area has been 8ehtthe HEC-HMS model to isolate this
variable.

Table E - 1 — Summary of HEC-HMS Input Parameters

Sub-basin Area CN Rainfall Q-100, 24- q Time of
(sq mi) Depth (in) hour (cfs) (cfs/sg-mi) Peak’ (hr)
PR1 2.809 84 4.15 626 223 245
PR2 1.479 84 4.15 326 220 24.6
PR3 1.100 87 4.15 334 304 24.7
Combined PR 5.388 84.6 4.15 1,134 210 24.9
Cul 0.654 87 4.37 395 604 225
Ccuz2 0.814 83 4.37 377 463 22.7
Combined CU 1.468 84.8 4.37 594 405 23.0
FR6 2.124 88 4.30 762 359 235
FR7 1.163 88 4.30 438 377 234
FR8 0.410 88 4.30 174 424 23.1
Combined FR 3.697 88 4.30 1,258 340 24.1

Note 1 — Rainfall begins at hour 12.0

E.2  Calibration Model Results
The following are observations regarding the ustnefdepth varied roughness equation.

For most models with the DVR turned on, the timgyeék increases as the floodplain
roughness increases. When the DVR is turned uff,relationship is not consistent and
sometimes a decreasing time of peak is associatéid an increasing floodplain
roughness.

Turning the DVR off almost always causes the maeaolgredict a greater discharge and a
shorter time of peak.

The curve of floodplain roughness versus prediptak discharge is more uniform when
the DVR is turned on.

Based on the observations, it is recommended taheselepth varied roughness equation as it
generates more consistent results.

The following are observations regarding the effaftgrid size.

For both the Petty Ranch and Franco models, traigbeel peak discharge increases with
increased grid size when the lowest floodplain fowesgs coefficients (<0.030) are used.
For both of the models, the use of a larger grig svill cause the model to predict a
reduced peak discharge for floodplain roughnessegabf 0.030 to 0.040.
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For the Petty Ranch model, a larger grid size chasgreater time of peak prediction
with the lower floodplain roughness values. Higheodplain roughness values caused
the model to predict a shorter time of peak faargér grid size.

For the Franco model, increasing grid size incredise time of peak for all models.

Increasing the grid element size may change the flath length and/or path. A model with
smaller grid elements can more accurately modenattion on floodplain areas along with
allowing flow to pass quicker in primary flow pathsA larger grid element size may have a
similar effect as increasing the roughness coefiici Based on these observations, it is
recommended to consider a lower floodplain rougbrvedue with larger grid sizeFor models
with a larger grid size (200 feet or more), a flplaih roughness of 0.030 may be more
appropriate than 0.040. These observations fujjtreify using the smallest grid size within
reason as larger grids generated reduced peakadigsh

The most consistent and predictable calibration feasd in altering the floodplain roughness
value.

In general, the lower the floodplain roughness @althe greater the predicted peak
discharge. When the value of floodplain roughriesset to 0.010, the model predicts a
peak discharge of approximately 3 times the vahedipted by HEC-HMS.

Floodplain roughness values of 0.030 and 0.035end generate the most consistent
results. A value of 0.030 generated a peak digeharost in line with the HEC-HMS
value.

Floodplain roughness values of 0.040 generateddessistent results and many times
generated a peak discharge substantially lesstieaHEC-HMS peak discharge.

Based on these results and the grid size discysaidiwodplain roughness value of 0.030 to
0.035 may be most appropriat&Vhile this may seem low for a floodplain roughseslue, it
must be pointed out that the shallow roughnessevislwsed for flow depths below 0.5 feet and
then the depth varied roughness causes a smoaititiva to the floodplain roughness value
which is applicable to depths of greater than 3. fd@dne vast majority of the floodplain will have
flow depths much less than 3 feet and thereforemgdliy remain within the shallow flow region.

The effects of the shallow roughness coefficieetrast entirely consistent.

In general, the lower the shallow roughness caefii¢ the greater the predicted peak
discharge. This was not always the case whenldloéglain roughness was set to less
than 0.030 but was generally the case for higloediblain roughness values.

The most consistent results tend to appear whefildbéplain roughness is set to 0.030
or 0.035 and the shallow roughness is less thah 0.2

The use of a shallow roughness coefficient of @@%erated inconsistent results.

The use of a shallow roughness coefficient of Cah@ floodplain roughness coefficients of
0.030 or 0.035 generates the closest results tH#@&HMS model.
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The following figures and tables summarize the R2I-models. Note that the time of peak
values reference models with rainfall beginning@uir 12.

Table E - 2— Input Summary for Model PR-1

Grid size (ft) 85 Shallow n 0.10
Number of grid elements 20,800 Limiting Froude # 0.85
Number of outflow grid elements 10 Model Label PR-1
Modeled area (sq mi) w/o 5.388
outflow
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Figure E - 1 — Comparison of floodplain roughness to predicted peak discharge for Model PR-1
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Figure E - 2 — Comparison of floodplain roughness to predicted time of peak for model PR-1
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Table E - 3— Input Summary for Model PR-2

Grid size (ft) 200 Shallow n 0.10
Number of grid elements 3,762 Limiting Froude # 0.85
Number of outflow grid elements 7 Model Label PR-2
Modeled area (sq mi) w/o
outflow 5.388
4,000 -+
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Figure E - 3 — Comparison of floodplain roughness to predicted peak discharge for Model PR-2
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Figure E - 4 — Comparison of floodplain roughness to predicted time of peak for model PR-2
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Table E - 4— Input Summary for Model PR-3

Grid size (ft) 200 Shallow n 0.15
Number of grid elements 3,762 Limiting Froude # 0.85
Number of outflow grid elements 7 Model Label PR-3
Modeled area (sq mi) w/o
outflow 5.388
4,000
3,500 l\ — -=— — DVR Equation 'on'
3,000 - S~ =  =HMS
2 s
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0] S~
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© AN
< N
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[a) e o e
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roughness

Figure E - 5 — Comparison of floodplain roughness to predicted peak discharge for Model PR-3
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Figure E - 6 — Comparison of floodplain roughness to predicted time of peak for model PR-3
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Table E - 5- Input Summary for Model PR-4

Grid size (ft) 200 Shallow n 0.20
Number of grid elements 3,762 Limiting Froude # 0.85
Number of outflow grid elements 7 Model Label PR-4
Modeled area (sq mi) w/o
outflow 5.388
4,000
3,500 l\ — -= — DVR Equation ‘on'
3,000 - e = * =HMS
2 T
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() SO
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@ ~
= - -
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a T e e
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roughness

Figure E - 7 — Comparison of floodplain roughness to predicted peak discharge for Model PR-4
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Figure E - 8 — Comparison of floodplain roughness to predicted time of peak for model PR-4
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Table E - 6— Input Summary for Model PR-5

Grid size (ft) 200 Shallow n 0.25
Number of grid elements 3,762 Limiting Froude # 0.85
Number of outflow grid elements 7 Model Label PR-5
Modeled area (sq mi) w/o
outflow 5.388
4,000
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Figure E - 9 — Comparison of floodplain roughness to predicted peak discharge for Model PR-5
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Figure E - 10 — Comparison of floodplain roughness to predicted time of peak for model PR-5
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Table E - 7— Input Summary for Model CU-1

Grid size (ft) 85 Shallow n 0.10
Number of grid elements 5,664 Limiting Froude # 0.85
Number of outflow grid elements 5 Model Label Cu-1
Modeled area (sq mi) w/o
outflow 1.467

2,000 - _

1,800 - —e—DVR Equation 'off

— -8 — DVR Equation 'on'
1,600 -

= + =HMS
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Figure E - 11 — Comparison of floodplain roughness to predicted peak discharge for Model CU-1
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Figure E - 12 — Comparison of floodplain roughness to predicted time of peak for model CU-1
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Table E - 8- Input Summary for Model CU-2

Grid size (ft) 85 Shallow n 0.15
Number of grid elements 5,664 Limiting Froude # 0.85
Number of outflow grid elements 5 Model Label CuU-2
Modeled area (sq mi) w/o
outflow 1.467
2,000 -
1,800 - — -= — DVR Equation ‘on'
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—~ [ 8
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Figure E - 13 — Comparison of floodplain roughness to predicted peak discharge for Model CU-2
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Figure E - 14 — Comparison of floodplain roughness to predicted time of peak for model CU-2
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Table E - 9— Input Summary for Model CU-3

Grid size (ft) 85 Shallow n 0.20
Number of grid elements 5,664 Limiting Froude # 0.85
Number of outflow grid elements 5 Model Label CuU-3
Modeled area (sq mi) w/o
outflow 1.467

2,000 m,

A
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1,600 - AN = + =HMS
—~ N

N
ﬁ 1,400 - N
qév 1,200 - \\
S 1,000 - >N
5 R
A 800 - \r,,,—/—*\\
.- — - —— _ _ _ -
400 T T T T T 1
0.010 0.015 0.020 0.025 0.030 0.035 0.040
roughness

Figure E - 15 — Comparison of floodplain roughness to predicted peak discharge for Model CU-3
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Figure E - 16 — Comparison of floodplain roughness to predicted time of peak for model CU-3
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Table E - 10— Input Summary for Model CU-4

Grid size (ft) 85 Shallow n 0.25
Number of grid elements 5,664 Limiting Froude # 0.85
Number of outflow grid elements 5 Model Label Cu-4
Modeled area (sq mi) w/o
outflow 1.467
2,000 '
1,800 - \\\ — -= — DVR Equation ‘on'
1,600 1~ = + =HMS
_ N
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Figure E - 17 — Comparison of floodplain roughness to predicted peak discharge for Model CU-4
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Figure E - 18 — Comparison of floodplain roughness to predicted time of peak for model CU-4
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Table E - 11— Input Summary for Model FR-1

Grid size (ft) 85 Shallow n 0.10
Number of grid elements 14,278 Limiting Froude # 0.85
Number of outflow grid elements 5 Model Label FR-1
Modeled area (sq mi) w/o
outflow 3.699
1,500 - —e— DVR Equation 'off
1.400 | — -= — DVR Equation ‘on'
1,300 - = HMS
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Figure E - 19 — Comparison of floodplain roughness to predicted peak discharge for Model FR-1
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Figure E - 20 — Comparison of floodplain roughness to predicted time of peak for model FR-1
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Table E - 12— Input Summary for Model FR-2

Grid size (ft) 200 Shallow n 0.10
Number of grid elements 2,580 Limiting Froude # 0.85
Number of outflow grid elements 3 Model Label FR-2
Modeled area (sq mi) w/o
outflow 3.697

2,500 —e— DVR Equation 'off

2,300 — -=— — DVR Equation 'on'

2,100 - + =HMS
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Figure E - 21 — Comparison of floodplain roughness to predicted peak discharge for Model FR-2
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Figure E - 22 — Comparison of floodplain roughness to predicted time of peak for model FR-2
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Table E - 13— Input Summary for Model FR-3

Grid size (ft) 200 Shallow n 0.15
Number of grid elements 2,580 Limiting Froude # 0.85
Number of outflow grid elements 3 Model Label FR-3

Modeled area (sq mi) w/o
outflow 3.697

2,500 —e— DVR Equation 'off
2,300 — -= — DVR Equation ‘on'
- i ] - HMS
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Figure E - 23 — Comparison of floodplain roughness to predicted peak discharge for Model FR-3
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Figure E - 24 — Comparison of floodplain roughness to predicted time of peak for model FR-3
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Table E - 14— Input Summary for Model FR-4

Grid size (ft) 200
Number of grid elements 2,580
Number of outflow grid elements 3
Modeled area (sq mi) w/o

outflow 3.697

Shallow n
Limiting Froude #
Model Label

0.20
0.85
FR-4
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Figure E - 25 — Comparison of floodplain roughness to predicted peak discharge for Model FR-4
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Figure E - 26 — Comparison of floodplain roughness to predicted time of peak for model FR-4
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Table E - 15— Input Summary for Model FR-5

Grid size (ft) 200 Shallow n 0.25
Number of grid elements 2,580 Limiting Froude # 0.85
Number of outflow grid elements 3 Model Label FR-5
Modeled area (sq mi) w/o
outflow 3.697

2,500 "~ —
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Figure E - 27 — Comparison of floodplain roughness to predicted peak discharge for Model FR-5
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Figure E - 28 — Comparison of floodplain roughness to predicted time of peak for model FR-5

The results from the individual models have beemldoed to show the effects of changing the

shallow flow roughness value and the grid size.e Tdllowing figures compare the predicted
peak discharge and time of peak to the appliedahaloughness coefficients for floodplain
roughness values of 0.020 and greater. These ¢@mupa only include those models with the

depth varied roughness turned on.
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Figure E - 29 — Comparison of shallow roughness to predicted peak discharge for Petty Ranch Models

—=a— Floodplain n = 0.020
—sx— Floodplain n = 0.035

Floodplain n = 0.025
—e— Floodplain n = 0.040

-+

Floodplain n = 0.030
= HEC-HMS

28

27

25 I

24 -

Time of peak (hr)

23

22

0.1

0.15 0.2

Shallow Roughness

0.25

Figure E - 30 — Comparison of shallow roughness to predicted time of peak for Petty Ranch Models
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Figure E - 31 — Comparison of shallow roughness to predicted peak discharge for Franco Models
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Figure E - 32 — Comparison of shallow roughness to predicted time of peak for Franco Models
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The following figures compare grid size to predicpeak discharge and time of peak.
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Figure E - 33 — Comparison of shallow roughness to predicted peak discharge for Cuprite Models
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Figure E - 34 — Comparison of shallow roughness to predicted time of peak for Cuprite Models
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Figure E - 35 — Comparison of grid size to predicted peak discharge for Petty Ranch Models
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Figure E - 36 — Comparison of grid size to predicted time of peak for Petty Ranch Models
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Figure E - 37 — Comparison of grid size to predicted peak discharge for Franco Models
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Figure E - 38 — Comparison of grid size to predicted time of peak for Franco Models
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Figures E - 39 through E - 46 show scatter plotmmaring floodplain roughness or shallow

roughness to the ratio of the FLO-2D/HEC-HMS outpthe time of peak ratio accounts for the

time from the beginning of the rainfall, hour 12ydaomits the first 12 hours. Figure E - 39

compares the discharge ratio to the floodplain noegs for all models (regardless of grid size or
shallow roughness) with depth varied roughnessetlioff. Figure E - 40 compares the time of
peak ratio for all models with depth varied rougtsiturned off. Figure E - 41 and Figure E - 42
provide similar comparisons for models with thettiegaried roughness turned on.

Figure E - 43 through Figure E - 46 provide comgams of the shallow roughness to the
discharge or time of peak ratios for all modelsardtess of grid size or floodplain roughness.
Note that the data is less complete in the figghesving the depth varied roughness turned off
figures because it was determined early on in thiération process that the depth varied
roughness equation should be used for more consigsults.
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Figure E - 39 — Comparison of floodplain roughness to FLO-2D/HMS discharge ratio, DVR off
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Figure E - 40 — Comparison of floodplain roughness to FLO-2D/HMS time to peak ratio, DVR off
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Figure E - 41 — Comparison of floodplain roughness to FLO-2D/HMS discharge ratio, DVR on
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Figure E - 42 — Comparison of floodplain roughness to FLO-2D/HMS time to peak ratio, DVR on
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Figure E - 43 — Comparison of shallow roughness to FLO-2D/HMS discharge ratio, DVR off
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Figure E - 44 — Comparison of shallow roughness to FLO-2D/HMS time to peak ratio, DVR off
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Figure E - 45 — Comparison of shallow roughness to FLO-2D/HMS discharge ratio, DVR on
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Table E - 16— Summary of calibration model results

Sub-model Shallow = Floodplain Depth Q-100, 24-  Ratio of Time of Ratio of FLO-2D Tp to

Roughness roughness varied hour FLO-2D Q peak HMS Tp
roughness (cfs) to HMS Q (hr) (adjusted to hour 12)
Cui- A 0.100 0.010 off 1396 2.40 22.9 0.99
CUl- B 0.100 0.020 off 589 0.99 23.1 1.01
Cui- C 0.100 0.025 off 548 0.92 23.2 1.02
Cui- D 0.100 0.030 off 564 0.95 23.1 1.01
CUl- E 0.100 0.035 off 530 0.89 23.4 1.04
CUuil- F 0.100 0.040 off 525 0.88 23.5 1.05
CUl- G 0.100 0.010 on 686 1.20 23.0 1.00
CUl- H 0.100 0.020 on 579 0.97 23.2 1.02
Cul- | 0.100 0.025 on 532 0.90 23.3 1.03
Cui- J 0.100 0.030 on 526 0.89 23.4 1.04
Cul- K 0.100 0.035 on 516 0.87 23.5 1.05
CUl- L 0.100 0.040 on 506 0.85 23.6 1.05
Cuz2- A 0.150 0.010 on 1481 2.49 23.3 1.03
Cu2- B 0.150 0.020 on 591 0.99 23.2 1.02
Ccuz2- C 0.150 0.025 on 639 1.08 23.8 1.07
Cu2- D 0.150 0.030 on 533 0.90 23.5 1.05
CU2- E 0.150 0.035 on 509 0.86 235 1.05
Cuz2- F 0.150 0.040 on 487 0.82 23.7 1.06
Cu3s- A 0.200 0.010 on 1992 3.35 23.1 1.01
CU3- B 0.200 0.020 on 722 1.22 24.3 1.12
Cu3- C 0.200 0.025 on 834 1.40 23.8 1.07
Cu3- D 0.200 0.030 on 528 0.89 23.6 1.05
CU3- E 0.200 0.035 on 511 0.86 23.7 1.06
CU3- F 0.200 0.040 on 468 0.79 23.7 1.06
Cu4- A 0.250 0.010 on 1945 3.27 23.9 1.08
CU4- B 0.250 0.020 on 697 1.17 24.0 1.09
Cu4- C 0.250 0.025 on 892 1.50 23.7 1.06
Cu4- D 0.250 0.030 on 792 1.33 23.8 1.07
CU4- E 0.250 0.035 on 486 0.82 23.8 1.07
CU4- F 0.250 0.040 on 449 0.76 23.9 1.08
FR1- A 0.100 0.010 off 1011 0.80 23.9 0.98
FR1- B 0.100 0.035 off 973 0.77 24.2 1.01
FR1- C 0.100 0.010 on 1034 0.82 23.9 0.98
FR1- D 0.100 0.020 on 1005 0.80 24.1 1.00
FR1- E 0.100 0.025 on 981 0.78 24.2 1.01
FR1- F 0.100 0.030 on 954 0.76 24.4 1.02
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Table E - 16— Summary of calibration model res{dtmtinued)

Sub-model Shallow | Floodplain Depth Q-100, 24-  Ratio of Time of Ratio of FLO-2D Tp to

Roughness roughness varied hour FLO-2D Q peak HMS Tp
roughness (cfs) to HMS Q (hr) (adjusted to hour 12)
FR1- G 0.100 0.035 on 920 0.73 24.6 1.04
FR1- H 0.100 0.040 on 894 0.71 24.9 1.07
FR2- A 0.100 0.010 off 1625 1.29 28.7 1.38
FR2- B 0.100 0.020 off 1735 1.38 24.6 1.04
FR2- C 0.100 0.025 off 1074 0.85 24.6 1.04
FR2- D 0.100 0.030 off 1330 1.06 24.8 1.06
FR2- E 0.100 0.035 off 896 0.71 25.0 1.07
FR2- F 0.100 0.040 off 802 0.64 25.3 1.10
FR2- G 0.100 0.010 on 1268 1.01 24.0 0.99
FR2- H 0.100 0.020 on 1633 1.30 24.7 1.05
FR2 - | 0.100 0.025 on 1024 0.81 24.7 1.05
FR2- J 0.100 0.030 on 837 0.67 25.2 1.09
FR2- K 0.100 0.035 on 894 0.71 25.0 1.07
FR2- L 0.100 0.040 on 767 0.61 25.7 1.13
FR3- A 0.150 0.010 off 2169 1.72 27.8 131
FR3- B 0.150 0.020 off 1007 0.80 28.7 1.38
FR3- C 0.150 0.025 off 902 0.72 26.0 1.16
FR3- D 0.150 0.030 off 1291 1.03 26.0 1.16
FR3- E 0.150 0.035 off 869 0.69 25.9 1.15
FR3- F 0.150 0.040 off 1222 0.97 25.7 1.13
FR3- G 0.150 0.010 on 1766 1.40 27.3 1.26
FR3- H 0.150 0.020 on 1025 0.81 25.3 1.10
FR3- | 0.150 0.025 on 1351 1.07 25.7 1.13
FR3- J 0.150 0.030 on 1328 1.06 26.2 1.17
FR3- K 0.150 0.035 on 988 0.79 26.1 1.17
FR3- L 0.150 0.040 on 825 0.66 25.9 1.15
FR4- A 0.200 0.010 on 1915 1.52 26.7 1.21
FR4- B 0.200 0.020 on 988 0.79 26.2 1.17
FR4- C 0.200 0.025 on 905 0.72 27.2 1.26
FR4- D 0.200 0.030 on 963 0.77 26.6 1.21
FR4- E 0.200 0.035 on 822 0.65 26.5 1.20
FR4- F 0.200 0.040 on 605 0.48 26.6 1.21
FR5- A 0.250 0.010 on 2,593 2.06 28.5 1.36
FR5- B 0.250 0.020 on 1,446 1.15 26.9 1.23
FR5- C 0.250 0.025 on 1,563 1.24 27.5 1.28
FR5- D 0.250 0.030 on 1,310 1.04 27.8 1.31
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Table E - 16— Summary of calibration model res{dtmtinued)

Sub-model Shallow | Floodplain Depth Q-100, 24-  Ratio of Time of Ratio of FLO-2D Tp to

Roughness roughness varied hour FLO-2D Q peak HMS Tp
roughness (cfs) to HMS Q (hr) (adjusted to hour 12)
FR5- E 0.250 0.035 on 1,182 0.94 27.7 1.30
FR5- F 0.250 0.040 on 546 0.43 28.6 1.37
PR1- A 0.100 0.015 off 1458 1.29 26.4 1.12
PR1- B 0.100 0.035 off 1044 0.92 24.3 0.95
PR1- C 0.100 0.005 on 2842 2,51 26.8 1.15
PR1- D 0.100 0.010 on 1552 1.37 23.0 0.85
PR1- E 0.100 0.020 on 1102 0.97 24.0 0.93
PR1- F 0.100 0.025 on 1055 0.93 24.2 0.95
PR1- G 0.100 0.030 on 1013 0.89 24.5 0.97
PR1- H 0.100 0.035 on 974 0.86 24.8 0.99
PR1- | 0.100 0.040 on 943 0.83 25.1 1.02
PR2- A 0.100 0.010 on 3423 3.02 24.6 0.98
PR2- B 0.100 0.020 on 1564 1.38 23.8 0.91
PR2- C 0.100 0.025 on 1137 1.00 23.9 0.92
PR2- D 0.100 0.030 on 846 0.75 25.8 1.07
PR2- E 0.100 0.035 on 815 0.72 26.2 1.10
PR2- F 0.100 0.040 on 794 0.70 26.1 1.09
PR3- A 0.150 0.010 on 3523 3.11 23.4 0.88
PR3- B 0.150 0.020 on 2109 1.86 24.4 0.96
PR3- C 0.150 0.025 on 1035 0.91 23.4 0.88
PR3- D 0.150 0.030 on 736 0.65 24.3 0.95
PR3- E 0.150 0.035 on 733 0.65 26.4 1.12
PR3- F 0.150 0.040 on 697 0.61 27.0 1.16
PR4- A 0.200 0.010 on 3480 3.07 24.8 0.99
PR4- B 0.200 0.020 on 2783 2.45 26.6 1.13
PR4- C 0.200 0.025 on 1640 1.45 24.8 0.99
PR4- D 0.200 0.030 on 1514 1.34 24.8 0.99
PR4- E 0.200 0.035 on 926 0.82 24.5 0.97
PR4- F 0.200 0.040 on 663 0.58 24.7 0.98
PR5- A 0.250 0.010 on 3495 3.08 25.2 1.02
PR5- B 0.250 0.020 on 2266 2.00 25.5 1.05
PR5- C 0.250 0.025 on 1682 1.48 25.2 1.02
PR5- D 0.250 0.030 on 1494 1.32 24.9 1.00
PR5- E 0.250 0.035 on 1176 1.04 25.0 1.01
PR5- F 0.250 0.040 on 856 0.75 25.2 1.02
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E.3 Large-Scale Model Variations

Several variations of the large-scale model havenbeeveloped following the calibration
routine. The purpose of this exercise is to qinattie effects of changing assorted variables.

Table E - 17 summarizes the variable input for tlets of the entire basin on a 400-foot grid.
A total of 377 flow recording cross sections weune for each model with the average discharge
for these sections recorded in Table E - 17.

Table E - 17 - Summary of 400-foot Grid Input Parameters

Model Floodplain roughness Shallow DVR .Average
Piedmont areas  Hillslope areas roughness D|3s7c7hacrrgc§asgor

Sections

A 0.035 0.053 0.10 off 1,052

B 0.035 0.053 0.15 off 952

C 0.035 0.053 0.20 off 910

D 0.035 0.053 0.25 off 931

E 0.035 0.053 0.10 on 1,064

F 0.035 0.053 0.15 on 918

G 0.035 0.053 0.20 on 833

H 0.035 0.053 0.25 on 807

I 0.030 0.040 0.10 on 1,075

J 0.030 0.040 0.15 on 930

The peak discharges at several key locations haea bompared. Figure E - 47 shows the
locations of these flow recording cross sectioi$ie peak discharges recorded at these cross
sections, for models E through J, have been listd@ble E - 18. Note that the trends shown for
models E through H are similar to those for modetarough D.
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Figure E - 47 - Location map of comparative flow recording cross sections

(numbers shown are cross section numbers)
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Table E - 18 - Peak Discharges from 400-foot Large-Scale Model Variations
Cross Model / Shallow roughness value
Section E F G H | 3
0.10 0.15 0.20 0.25 0.10 0.15
1 14,832 11,892 10,168 9,004 14,791 11,805
2 962 985 1,003 1,027 989 1,007
5 7,337 5,807 4,967 4,364 7,163 5,728
6 7,807 6,227 5,294 4,771 7,806 6,312
7 2,606 2,197 2,000 1,726 2,621 2,242
8 5,024 4,000 4,514 4,304 4,974 3,923
14 4,278 3,575 3,202 3,043 4,112 3,525
41 1,022 827 747 648 1,033 850
45 849 651 544 615 844 651
77 15,371 12,810 10,928 9,645 15,341 12,724
79 188 158 153 152 189 158
80 1,472 1,237 1,120 1,072 1,502 1,250
216 2,275 1,715 1,465 1,251 2,247 1,689
282 3,238 3,705 4,064 4,009 3,437 4,241

The results summarized above indicate that charthmghallow roughness coefficient can have
a considerable impact, especially on the most dowas cross sections. A change from 0.10 to
0.15 has the effect of decreasing the dischargfgedbwest cross section by over 2,500 cfs or 16
percent. The results also indicate that lowerimgyftoodplain roughness coefficient from 0.035

on the piedmont to 0.030 and from 0.053 on theslbitles to 0.040 has a less significant impact
on the predicted peak discharge values.

A couple of observations should be pointed outrstFicross sections 2 and 282 both predict
greater discharges with increasing shallow roughnesntrary to the trend observed in the other
cross sections. Second, if the depth varied roesghis turned off, the peak discharge in cross
section 282 is 3,526 cfs in Model A and over 6,6f30in Model D.

A 200-foot grid model was also developed. The peiskharges (at key locations) and flow
depths were compared between the 200-foot grid 40@foot grid models. With shallow

roughness of 0.10 and floodplain roughness of 0.680the piedmont and 0.040 on the
hillslopes, the ultimate discharge at the outfélthee model is 16,531 cfs for the 200-foot grid
model and 15,371 cfs for the 400-foot grid modEhe following table compares the flow depths
predicted by the 200-foot and 400-foot grid modakth the above mentioned roughness values.
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Table E - 19 - Comparison of Predicted Flow Depths — 200-foot and 400-foot Grids

Threshold 400-ft grid model 200-ft grid model

Depth (f9 Percent above Area (sq mi) Percent above Area (sq mi)
threshold above threshold threshold above threshold

0.03 94.9% 119.6 87.9% 1115

0.2 55.5% 70.0 48.9% 62.0

0.5 9.5% 12.0 9.5% 12.0

1 2.6% 3.3 2.3% 2.9

2 0.9% 1.2 0.8% 1.0

The above table is useful in determining a thregliejpth for delineating the flood limits.
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F Verification of Volume Conservation
This appendix is included to account for the floslume within the study area.
F.1  Routing Diagram

The following diagrams show how the 7 sub-models emnnected along with inflow and
outflow points and volumes for the 3-hour storm #mel 24-hour storm.

Figure F - 1 - FLO-2D 100-year, 3-hour Sub-model routing diagram
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Figure F - 2 - FLO-2D 100-year, 24-hour Sub-model routing diagram

The following table summarizes the inflow, outfloand rainfall for each of the models.
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Table F - 1 - Volume summaries for FLO-2D sub-models

Model Name 0 Model Name 1
Geometry Geometry
Grid element spacing (ft) 200 Grid element spacing (ft) 100
Elevation data source USGS DEM Elevation data source PAG
Number of elements - total 23,430 Number of elements - total 30,440
Number of elements - outflow 285 Number of elements - outflow 111
Number of elements net 23,145 Number of elements net 30,329
Area (sq mi) net 33.21 Area (sq mi) net 10.88
Average CN 86.3 Average CN 83.8
Rainfall and runoff (in) 3-hr 24-hr Rainfall and runoff (in) 3-hr 24-hr
a Precipitation depth* 3.74 4.83 a Precipitation depth* 3.23 4.19
Infiltration and 1.38 1.47 Infiltration and 1.54 1.67
b Interception* b  Interception*
¢ Runoff (a-b) 2.36 3.36 ¢ Runoff (a-b) 1.69 2.52
Inflow volume (ac-ft) 3-hr 24-hr Inflow volume (ac-ft) 3-hr 24-hr
d Rainfall* 6,624 8,554 d Rainfall* 1,874 2,431
e Total inflow hydrograph* 0 0 e Total inflow hydrograph* 1,789 2,719
f Rainfall and inflow (d+e) 6,624 8,554 el Inflow from Model O 1,789 2,719
f Rainfall and inflow (d+e) 3,663 5,150
Loss volume (ac-ft) 3-hr  24-hr Loss volume (ac-ft) 3-hr  24-hr
Infiltration and Infiltration and
g Interception* 2,441 2,602 g Interception* 889 965
h Storage* 631 630 h  Storage* 230 230
i  Total loss (g+h) 3,073 3,232 [ Total loss (g+h) 1,119 1,195
Outflow volume (ac-ft) 3-hr 24-hr Outflow volume (ac-ft) 3-hr 24-hr
j  Total outflow* 3,551 5,322 j  Total outflow* 2,544 3,955
j1  Outflow to Model 1** 1,789 2,719 j1  Outflow to Model 5 1,572 2,434
j2  Outflow to Model 2** 690 1,017 j2  Outflow 3** 732 1,148
j3 Outflow to Model 3** 1,010 1,515 j3  Outflow 4*** 240 373
j4 Outflow to Model 4** 70 103

Note * - Values recorded directly by FLO-2D
SUMMARY.DAT file

Note ** - Values are those recorded by
downstream model, some volume error occurs
due to rounding errors

Note * - Values recorded directly by FLO-2D
SUMMARY.DAT file

Note ** - Recorded by CS 1-001

Note *** - Recorded by CS 1-002
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Model Name 2 Model Name 3
Geometry Geometry
Grid element spacing (ft) 100 Grid element spacing (ft) 100
Elevation data source PAG Elevation data source PAG
Number of elements - total 31,184 Number of elements - total 38,970
Number of elements - outflow 100 Number of elements - outflow 82
Number of elements net 31,084 Number of elements net 38,888
Area (sq mi) net 11.15 Area (sq mi) net 13.95
Average CN 85.1 Average CN 84.4
Rainfall and runoff (in) 3-hr 24-hr Rainfall and runoff (in) 3-hr 24-hr
a Precipitation depth* 3.35 4.40 a Precipitation depth* 3.45 4.50
Infiltration and 1.45 1.57 Infiltration and 1.52 1.64
b Interception* b Interception*
¢ Runoff (a-b) 1.90 2.83 ¢ Runoff (a-b) 1.93 2.86
Inflow volume (ac-ft) 3-hr 24-hr Inflow volume (ac-ft) 3-hr 24-hr
d Rainfall* 1,992 2,617 d Rainfall* 2,567 3,348
e Total inflow hydrograph* 690 1,017 e Total inflow hydrograph* 1,010 1,515
el Inflow from Model O 690 1,017 el Inflow from Model O 1,010 1,515
¢ Rainfall and inflow (d+e) 2,682 3,634 f Rainfall and inflow (d+e) 3,576 4,862
Loss volume (ac-ft) 3-hr  24-hr
Loss volume (ac-ft) Fhr 24-hr Infiltration and
Infiltration and g Interception* 1,128 1,219
g Interception* 863 933 h  Storage* 268 267
h Storage 213 213 i Total loss (g+h) 1,396 1,486
[ Total loss (g+h) 1,076 1,145
Outflow volume (ac-ft 3-hr 24-hr
Outflow volume (ac-ft) 3-hr 24-hr . *( ) 2181 3.376
i Total outflow* 1606 2489 | 1 Towloutflow el aare
' ’ jlL Outflow to Model 5 ,181 37
i1 Outflow to Model 5 1,606 2,489 ‘

Note * - Values recorded directly by FLO-2D

SUMMARY.DAT file

Note * - Values recorded directly by FLO-2D
SUMMARY.DAT file
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Model Name 4 Model Name 5
Geometry Geometry
Grid element spacing (ft) 100 Grid element spacing (ft) 100
Elevation data source PAG Elevation data source PAG
Number of elements - total 73,102 Number of elements - total 74,768
Number of elements - outflow 178 Number of elements - outflow 357
Number of elements net 55,965 Number of elements net 74,411
Area (sq mi) net 26.16 Area (sq mi) net 26.69
Average CN 84.9 Average CN 85.4
Rainfall and runoff (in) 3-hr 24-hr Rainfall and runoff (in) 3-hr 24-hr
a Precipitation depth* 3.42 4.45 a Precipitation depth* 3.24 4.21
Infiltration and 1.47 1.59 Infiltration and 1.41 1.52
b Interception* b Interception*
¢ Runoff (a-b) 1.95 2.86 ¢ Runoff (a-b) 1.83 2.69
Inflow volume (ac-ft) 3-hr 24-hr Inflow volume (ac-ft) 3-hr 24-hr
d Rainfall* 4,771 6,208 d Rainfall* 4,612 5,993
e Total inflow hydrograph* 2,290 3,575 e Total inflow hydrograph* 8,635 12,936
el Inflow from Model O 70 103 el Inflow from Model 2 1,606 2,489
e2 Inflow from Stantec J9 1,750 2,471 e2 Inflow from Model 3 2,181 3,376
e3 Inflow from Stantec J11 519 746 e3 Inflow from Model 4 4,810 7,069
Inflow from Stantec CU- 149 219 f Rainfall and inflow (d+e) 13,247 18,929
e4 J1
e5 Inflow from J4 flow split 71 37
f Rainfall and inflow (d+e) 7,361 9,783
Loss volume (ac-ft) 3-hr  24-hr Loss volume (ac-ft) 3-hr 24-hr
Infiltration and Infiltration and
g Interception* 2,049 2,213 g Interception* 1,999 2,159
h  Storage* 502 501 h  Storage* 516 516
[ Total loss (g+h) 2551 2,714 [ Total loss (g+h) 2515 2,675
Outflow volume (ac-ft) 3-hr  24-hr Outflow volume (ac-ft) 3-hr 24-hr
j Total outflow* 4,810 7,069 j Total outflow* 10,731 | 16,253
j1 Outflow to Model 5 4,810 7,069 j1 Outflow to Model 6 9,686 | 14,884
j2 Outflow 2** 1,045 | 1,369

Note * - Values recorded directly by FLO-2D

SUMMARY.DAT file

Note * - Values recorded directly by FLO-2D
SUMMARY.DAT file

Note ** - Recorded by CS 5-199
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Model Name Model Name Combination
Geometry Geometry
Grid element spacing (ft) 100 Grid element spacing (ft) n/a
Elevation data source PAG Elevation data source n/a
Number of elements - total 39,853 Number of elements - total 294,788
Number of elements - outflow 4 Number of elements - outflow 1,117
Number of elements net 39,849 Number of elements net 293,671
Area (sq mi) net 14.29 Area (sq mi) net 136
Average CN 85.1 Average CN 85.2
Rainfall and runoff (in) 3-hr 24-hr
a Precipitation depth* 2.87 3.76 Inflow volume (ac-ft) 3-hr  24-hr
Infiltration and 1.37 1.50 d Rainfall* 24,625 30,012
Interception* Total inflow hydrograph 2,489 3,472
¢ Runoff (a-b) 1.50 2.26 e (el+e2+e3+ed)
el Inflow from Stantec J9 1,750 2,471
Inflow volume (ac-ft) 3-hr  24-hr Inflow from Stantec J11 519 746
d Rainfall* 2,185 2,862 e2
e  Totalinflow hydrograph* 11,250 17,318 Inflow from Stantec CU- 149 219
el Inflow from Model 1 1572 2,434 e3 J1
e2 Inflow from Model 5 9,686 14,884 Inflow from J4 flow split 71 37
f Rainfall and inflow (d+e) 13,435 20,180 ed
Rainfall and inflow (d+e) 27,114 35,485
Loss volume (ac-ft) 3-hr 24-hr f
Infiltration and
g Interception* 1,032 1,126 Loss volume (ac-ft) 3-hr 24-hr
h  Storage* 306 309 Infiltration and
i Total loss (g+h) 1,338 1,435 g Interception* 10,401 11,216
h  Storage* 2,666 2,666
. Outflow volume (ac-ft) 3-hr 24-hr : Total loss (g+h) 13,066 13,882
j  Total outflow* 12,046 18,743
j1_Outflow 1** 12,109 18,765 Outflow volume (ac-ft) 3-hr  24-hr

Note * - Values recorded directly by FLO-2D
SUMMARY.DAT file

Note ** - Recorded by CS 6-001

i Total outflow

14,126 21,655

j1  Outflow 1 12,109 18,765
j2  Outflow 2 1,045 1,369
j3 Outflow 3 732 1,148
j4 Outflow 4 240 373

JE Fuller Hydrology and Geomorphology, Inc.



Lee Moore Wash Basin Management Study Two-Dimensional Flow Analysis Report

G-1

Appendix G

Appendix G - Comparison of FLO-2D and HEC-HMS Results
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Table G - 1 - Verification of sub-basin characteristics

Model Test Area CN Precip. Sheet  Shallow  Chan. T-lag
Number Area (sq mi) (in) flow flow flow (min)

p100-3  L(fy L)  L(f)

p100-24 S (fUft)y S (fuft) v (fps)
1 11 0813 8857 Z:;g %fg t?jf 93810 22
2 12 2869  87.69 2:;‘31 %‘?f ggg 133"3?5 38
3 22A 0489  86.14 j:ig 0%836 g'%i% 12210 34
Cem e w3 B8 mE
5 22 1459  NIA j:if w’/: w’/: w’/: N/A
6 22C 0067  83.00 2:4318 01.%03 g%% 213%5 23
7 237 0219 8633 oo ol 0 508 27
8 23088 1747 8610 oo 20 590 18905
o e om mm 3R EEoW
10 248 0113 7900 oot 0 AN S 38
T .
s e o mw 35 g o s
13 31 7760 8952 el 01.%% t‘fg 2‘;?20 50
14 41 0800 8826 j:g 01_?—3 %fgg 11?0 19
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Appendix G

Table G - 1 - Verification of sub-basin characteristics (continued)

Model Test Area CN Precip. Sheet  Shallow  Chan. T-lag
Number Area (sq mi) (in) flow flow flow (min)
p100-3 L (ft) L (ft) L (ft)
pl00-24 S (ft/ft) S (ft/ft) v (fps)

15 42 0511 8566 e %0 00 7220 13
16 43 0590  88.72 j:gi %(_);? 015% 92@0 16
17 44 1725 8626 e w’/: w’/: w’/: N/A
18 51 1625  87.31 2:22 01303 g%% 32720 31
19 52 0643  80.68 j:jg 013% %?g 1%%:’0 24
20 53 0116  80.19 j:gg 01303 %92 17;30 19
21 61 0936 8370 oo o0 N 840 17
22 71 1034 8508 o0 oo o 20 g
23 72 0668 8770 - oo> 0% e 21
24 Slantec 14300  NiA A A A N/A
s T ww woou
T wow M
27 Stantes 11050 NiA A A A N/A
A wow
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Appendix G

Table G - 2 - Verification of sub-basin FLO-2D results

Model Test Area CS Label Storm Q T \% q* Q-ratio T-ratio
Number (cfs) (hr)  (ac-ft)  (cfs/sg mi)

! 11 0-068 2343hoouurr 1576241 1ldi182 18231 2619147 3.1 0.18
: 120067 LRl joes 1040 s 730 20 0
3 22n 230 N Ol doss e a8 0
! 228 2100 L S wia 1w e 16 0B
° 22 20 il e s 20 s M 022
6 2-2C 2-108 234;?h00uurr gg 11(5.8216 160 ?1(132 2.1 0.18
! 2-3A 2-074 234;-hhoouurr ggg 1ld§105 gg 1962820 18 0.18
: 2308 2075 UL o fias a6 s 1S OB
0 A 53 il ot mre a7 s M4 O
10 28 522 iUl 5w w0 s M8 00
1 2-4C 2282 20 i6s6 12 68 L7 05
= 25 227l %8 a8 aee 19 018
13 31 300 il e 1i00 134 so M6 02
14 4l I T £ 42 018

* Assumes the FLO-2D drainage area is equal to that delineated for HEC-HMS
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Appendix G
Table G - 2 - Verification of sub-basin FLO-2D results (continued)
Model Test Area CS Label Storm Q T \% q* Q-ratio T-ratio
Number (cfs) (hr)  (ac-ft)  (cfs/sg mi)
15 w2 s e was 2 ma 25 018
16 43 SRS T T w e 26 018
7 a4 323 e 1086 201 EA 22 020
18 >1 G ey e ) 21 020
19 52 4-011 234;-hhoouurr Zég 1269554 ;12 1416057 2.4 0.19
20 53 3-152 234;?h00uurr 16314 116?233 12 1512565 2.2 0.19
21 6-1 4-174 234;-hhoouurr ?12;1 1162192 18205 1409199 2.0 0.19
22 1 4-124 234;?h00uurr 1409179 116?541 19410 Zgi 2.1 0.18
23 -2 4-130 234;-hhoouurr igi 1269580 17007 1634957 2.2 0.20
2 TNT ONA how NA NA NA nwa NA A
5 A5G0 MA hew NA wA NA na NA NA
2 T NA hew wA wA wA na NA NA
7 W% ONA hew wA wA wA na VA NA
2 W VA hew nA wA wA na NA L NA

* Assumes the FLO-2D drainage area is equal to that delineated for HEC-HMS
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Appendix G
Table G - 3 - Verification of sub-basin HEC-HMS results
Model Test Area Storm Q T \ q Q-ratio  T-ratio
Number (cfs)  (hr)  (ac-ft)  (cfs/sqmi)
' o 23; hoouur r 1t‘>69077 116§137 Eg 1895777 2.3 0.18
2 12 234:—hhoouur r i;;lg 126.1570 g;; 1635046 2.0 0.21
3 2-2A 234;-hhoouur r ggg 126.0482 E—'/ag 1517375 2.0 0.20
‘ 228 how a1 058 14 s 18 02
5 J2-2 232_hhoouurr 1745273 120_ .1570 ;gg 213 s o1
° 2-2C 2?:;-hhoouur r ig 116.8235 S 1529874 2.2 0.18
! 2-3A 2321--hhoouurr iii 116?225 gi 163;142 2.1 0.19
8 2-3A&B 2?Z-hhooqu 1738855 126.5803 232 ZZS s s
° 20 hew a0 a2 s s 19 0
10 2-48 2?ZPhooqu ?1431 126.1570 193 ggg 1.9 0.21
H 24c 234;-h hoouJ r 14083 116§137 171 151475-,0 21 0.18
12 25 234:—h hoouur r g; 116 .9225 g 15179]_6 2.1 0.19
2 31 ihow a0 1067 196 61 19 022
14 41 23A:_hhoou Jr 1655158 110.'7157 19379 1881998 03 017
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Appendix G
Table G - 3 - Verification of sub-basin HEC-HMS results (continued)
Model Test Area Storm Q T \% q Q-ratio T-ratio
Number (cfs) (hr) (ac-ft) (cfs/sq mi)
15 42 234‘:-thOuJ r 1402738 116%78 gi 2812180 25 0.17
16 4-3 T e 25 Ol
17 44 sihew 1207 1025 208 700 2.2 0.18
18 >1 b ihes o 1636740 21 019
19 52 rhow 4 1025 s sL 21 09
20 e Z?Z-h hoouur r 281(;1 11(;3078 1(5) 1689405 2.1 0.17
21 6-1 234h hoouur r 1655559 116 .7058 19327 1760606 2.4 0.17
22 -1 Z?Z-h hoouur r 1620570 126 .0303 1(5)2 1528079 2.1 AR
23 -2 234h hoouur r 1510791 116 .8137 17181 1776523 2.3 0.18
20 SETE ew  Sm2 aino 2an 4 128 020
5 T ihew s aia0  7a sy 1F 08
26 e - 149 0.3
2 T e 2z 1300 1o 2 M8 0
8 CMET hew  we aie0 sz s 1B 022
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Appendix H

Appendix H - Plates and Exhibits
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Appendix H

Plate 1 - Northern Flow Splits

Plate 2 - FLO-2D Predicted 10-year and 100-year Flood Limits with Significant Flow Paths and
Concentration Points

Exhibit 1 - Velocity and Depth Maps
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