
FINAL DRAFT 
 

Dayton Valley Area Drainage Master Plan 
Technical Support Data Notebook 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

August 
2019 

prepared for 

Lyon County | Storey County |  

Carson Water Subconservancy District 

 

 
 

 
8400 S Kyrene Rd, STE 201 

Tempe, AZ 85284 

www.jefuller.com 



FINAL DRAFT 
 

i 
 

 

Table of Contents 

1 Introduction .......................................................................................................................................... 1 

1.1 Project Purpose ............................................................................................................................. 1 

1.2 Project Location ............................................................................................................................ 1 

1.3 Previous Studies ............................................................................................................................ 3 

1.3.1 Subdivision Drainage Reports ............................................................................................... 3 

1.3.2 Flood Insurance Studies ........................................................................................................ 3 

1.3.3 U.S. Army Corps of Engineers Alluvial Fan Mapping ............................................................. 6 

1.4 Historical Flow Path Assessment .................................................................................................. 9 

1.4.1 Aerial Photography ............................................................................................................... 9 

1.4.2 Summary ............................................................................................................................... 9 

2 Piedmont Landforms ........................................................................................................................... 13 

2.1 Flowpath Uncertainty ................................................................................................................. 13 

3 Hydrologic and Hydraulic Modeling .................................................................................................... 15 

3.1 Method Description .................................................................................................................... 15 

3.2 Model Development ................................................................................................................... 15 

3.2.1 Spatial Reference System .................................................................................................... 15 

3.2.2 Model Domains ................................................................................................................... 15 

3.2.3 Grid Size .............................................................................................................................. 17 

3.2.4 Grid Element Elevations ...................................................................................................... 17 

3.2.5 Model Inflow/Outflow ........................................................................................................ 20 

3.2.6 Precipitation Development ................................................................................................. 22 

3.2.7 Infiltration Development .................................................................................................... 23 

3.2.8 DǊƛŘ 9ƭŜƳŜƴǘ wƻǳƎƘƴŜǎǎ όaŀƴƴƛƴƎΩǎ ƴ ±ŀƭǳŜǎύ .................................................................. 27 

3.2.9 Model Control Parameters ................................................................................................. 29 

3.2.10 Hydraulic Structures ............................................................................................................ 29 

3.3 Buildings (as Flow Obstructions) ................................................................................................. 32 

3.4 Model Results ............................................................................................................................. 32 

3.4.1 Floodplain Cross-Sections ................................................................................................... 32 

3.4.2 Depth and Discharge Results .............................................................................................. 39 

3.4.3 Animations .......................................................................................................................... 39 

3.5 Verification of Results ................................................................................................................. 46 

3.5.1 Comparison with USGS Regression Equations .................................................................... 46 



FINAL DRAFT 
 

ii 
 

3.5.2 Meeting with County Employees ........................................................................................ 46 

3.5.3 Historical Flooding Documentation .................................................................................... 46 

3.5.4 Gold Canyon Creek HEC-RAS Modeling .............................................................................. 54 

3.6 Summary ..................................................................................................................................... 57 

4 Flow Path Uncertainty Analyses ......................................................................................................... 58 

4.1 Model Development ................................................................................................................... 58 

4.2 Composite Results ....................................................................................................................... 59 

4.2.1 How the Composite Result Data is Used in this Study ........................................................ 68 

5 Sedimentation Analyses ...................................................................................................................... 69 

5.1 Sediment Sampling and Transport Analyses ............................................................................... 69 

5.1.1 Sediment Sampling ............................................................................................................. 69 

5.1.2 Sediment Transport Analyses ............................................................................................. 73 

5.2 Results ......................................................................................................................................... 74 

6 Flood Hazard Classification ................................................................................................................. 85 

6.1 Purpose ....................................................................................................................................... 85 

6.2 Flooding Hazards to Pedestrians ................................................................................................. 85 

6.3 Flooding Hazards to Passenger Vehicles ..................................................................................... 88 

6.4 Flooding Hazards to Structures ................................................................................................... 95 

6.5 Building Inundation Assessment ................................................................................................. 99 

6.5.1 Methodology ....................................................................................................................... 99 

6.5.2 Base Conditions ................................................................................................................... 99 

6.6 HAZUS Analyses ........................................................................................................................ 101 

6.6.1 Methodology and Purpose................................................................................................ 101 

6.6.2 Base Conditions ................................................................................................................. 102 

6.7 Summary ................................................................................................................................... 102 

7 Regional Flood Mitigation Alternatives ............................................................................................ 103 

7.1 Introduction .............................................................................................................................. 103 

7.2 Detention Basin/Channel/Culvert Concept Design Characteristics .......................................... 103 

7.3 Gold Canyon .............................................................................................................................. 108 

7.4 Cardelli Ditch ............................................................................................................................. 108 

7.5 Basin System Flood Mitigation Conceptual 15% Design Plans ................................................. 110 

7.5.1 Future Design .................................................................................................................... 110 

7.6 Benefits Summary ..................................................................................................................... 111 

7.6.1 Six Mile Canyon 25-Year Basin Alternative ....................................................................... 113 



FINAL DRAFT 
 

iii 
 

8 ADMP Summary and Recommendations .......................................................................................... 115 

8.1 Project Phasing .......................................................................................................................... 115 

8.1.1 Initial Prioritization and Design Level ................................................................................ 123 

8.1.2 Alternatives Not Recommended ....................................................................................... 125 

8.2 Potential Funding Sources ........................................................................................................ 125 

8.3 DVADMP Limitations ................................................................................................................. 126 

9 References ........................................................................................................................................ 127 

 

List of Figures 

Figure 1-1. Study area vicinity map ............................................................................................................... 2 

Figure 1-2. Effective FEMA Floodplains ........................................................................................................ 5 

Figure 1-3. Distribution of relative risk rankings by watershed, from Floyd (2017) ..................................... 7 

Figure 1-4. USACE alluvial fan risk ranking .................................................................................................... 8 

Figure 1-5. 1948 aerial photography .......................................................................................................... 10 

Figure 1-6. 2017 aerial photography .......................................................................................................... 11 

Figure 1-7.  Main flowpath comparison (1948-2017) ................................................................................. 12 

Figure 3-1. Modeling domains used in the Dayton Valley ADMP ............................................................... 16 

Figure 3-2. Limits of topographic mapping data ......................................................................................... 19 

Figure 3-3. Hydrograph flow transfer between FLO-2D models ................................................................. 21 

Figure 3-4. Comparison of 6- and 24-hour hyetographs used in the DVADMP .......................................... 23 

Figure 3-5. Hydrologic Soil Group (HSG) classification for soils Dayton Valley ADMP, from NRCS (2018) . 24 

Figure 3-6. Spatial distribution of curve numbers used in the FLO-2D modeling ....................................... 26 

Figure 3-7. Surface classification used to assign grid element roughness in the FLO-2D model ............... 28 

Figure 3-8. Locations of all modeled hydraulic structures (storm drains and culverts) ............................. 30 

Figure 3-9. Floodplain cross-section locations ............................................................................................ 33 

Figure 3-10. Existing conditions 25-year, 24-hour flow depth results ........................................................ 40 

Figure 3-11. Existing conditions 100-year, 6-hour flow depth results ........................................................ 41 

Figure 3-12. Existing conditions 100-year, 24-hour flow depth results ...................................................... 42 

Figure 3-13. Existing conditions 25-year, 24-hour discharge results .......................................................... 43 

Figure 3-14. Existing conditions 100-year, 6-hour discharge results .......................................................... 44 

Figure 3-15. Existing conditions 100-year, 24-hour discharge results ........................................................ 45 

Figure 3-16. Drainage basins used for comparison of FLO-2D results to the USGS 100-year regression 

equations .................................................................................................................................................... 47 

Figure 3-17. Comparison of FLO-2D results with the relations between 100-year peak discharge and 

drainage area and plot of maximum peak discharge of record and drainage area for gaged sites in the 

Eastern Sierras Region 5, adapted from USGS (1997). ............................................................................... 48 

Figure 3-18. Example of broad, shallow flow and sedimentation .............................................................. 49 

Figure 3-19. Another example of broad, shallow flow ............................................................................... 50 

Figure 3-20. Culvert outlet flow from the Sheep Camp detention basin ................................................... 51 

Figure 3-21. Example of shallow street flooding ........................................................................................ 52 

Figure 3-22. Gold Canyon Creek culvert at Pike Street ............................................................................... 53 



FINAL DRAFT 
 

iv 
 

Figure 3-ноΦ tƛƪŜ {ǘǊŜŜǘ όмнΩ Ȅ рΩύ ōƻȄ ŎǳƭǾŜǊǘ όbƻǘŜΥ ǇƛǇŜ ŎǊƻǎǎƛƴƎ ǘƘǊƻǳƎƘ ŎǳƭǾŜǊǘ ƻǇening) .................. 55 

Figure 3-24. HEC-RAS cross-sections for Gold Canyon Creek modeling ..................................................... 56 

Figure 4-1. Flowpath Uncertainty virtual levee locations ........................................................................... 60 

Figure 4-2. Flowpath Uncertainty example ................................................................................................ 61 

Figure 4-3. Flowpath Uncertainty combined maximum flow depth results (25-Year, 24-Hour) ................ 62 

Figure 4-4. Flowpath Uncertainty combined maximum flow depth results (100-Year, 6-Hour) ................ 63 

Figure 4-5. Flowpath Uncertainty combined maximum flow depth results (100-Year, 24-Hour) .............. 64 

Figure 4-6. Flowpath Uncertainty combined maximum discharge results (25-Year, 24-Hour) .................. 65 

Figure 4-7. Flowpath Uncertainty combined maximum discharge results (100-Year, 6-Hour) .................. 66 

Figure 4-8. Flowpath Uncertainty combined maximum discharge results (100-Year, 24-Hour) ................ 67 

Figure 5-1. Example of sediment deposition at culvert .............................................................................. 69 

Figure 5-2. Sediment sampling locations labeled with ID ........................................................................... 70 

Figure 5-3. Gradation curves for the twenty-two sediment samples ......................................................... 71 

Figure 5-4. Total accumulated sediment transport capacity by the Zeller-Fullerton methodology for the 

100-year, 24-hour event ............................................................................................................................. 75 

Figure 5-5. Total accumulated sediment transport capacity by the Yang methodology for the 100-year, 

24-hour event ............................................................................................................................................. 76 

Figure 5-6. Major fan landforms where sediment profiles were calculated .............................................. 78 

Figure 5-7. Cumulative sediment transport and change in slope comparison for Six Mile Canyon for the 

100-year 24-hour event .............................................................................................................................. 79 

Figure 5-8.  USLE/MUSLE Sub-Basins .......................................................................................................... 82 

Figure 6-1. Depth-Velocity flood danger level relationship for children, from USBR (1988) ..................... 86 

Figure 6-2. Flooding hazards to children based on the 100-year, 24-hour FLO-2D results (entire focus 

area) ............................................................................................................................................................ 87 

Figure 6-3. Depth-Velocity flood danger level relationship for passenger vehicles, from USBR (1988) .... 88 

Figure 6-4. Flooding hazards to vehicles raster based on the 100-year, 24-hour FLO-2D results (entire 

focus area) .................................................................................................................................................. 90 

Figure 6-5. Hazardous wash crossings during a 100-year 24-hour event ................................................... 91 

Figure 6-6. Hazardous wash crossings during a 100-year 6-hour event ..................................................... 92 

Figure 6-7. Hazardous wash crossings during a 25-year 24-hour event ..................................................... 93 

Figure 6-8. Summarized very high and high hazardous crossings across all events ................................... 94 

Figure 6-9. Depth-Velocity flood danger level relationship for structures built on foundations, from USBR 

(1988) .......................................................................................................................................................... 95 

Figure 6-10. Flooding hazards to buildings raster based on the 100-year, 24-hour FLO-2D results (entire 

focus area) .................................................................................................................................................. 97 

Figure 6-11. USBR building flooding hazard classification based on the 100-year, 24-hour FLO-2D results 

(Mark Twain area) ....................................................................................................................................... 98 

Figure 6-12. Building inundation assessment based on the 100-year, 24-hour FLO-2D results (Mark Twain 

area) .......................................................................................................................................................... 100 

Figure 7-1. Development process for the regional flood mitigation alternatives for the Dayton Valley 

ADMP ........................................................................................................................................................ 103 

Figure 7-2.  Mitigation Systems ................................................................................................................ 106 

Figure 7-3.  Proposed mitigation structures with 3D terrain .................................................................... 107 

Figure 7-4.  Identified areas of offsite impacts to the Cardelli Ditch ........................................................ 109 

Figure 7-5.  Example 15% design plan sheet ............................................................................................. 111 



FINAL DRAFT 
 

v 
 

Figure 7-6.  Impacts of the Six Mile Canyon 25-year basin alternative .................................................... 114 

Figure 8-1.  Mitigation Alternative impact areas ...................................................................................... 116 

Figure 8-2.  FPXSEC locations for data in Tables 8-3 and 8-4 .................................................................... 122 

Figure 8-3.  Plot to aid in visually comparing multiple benefit statistics .................................................. 124 

 

List of Tables 
Table 1-1. Communities within the study area ............................................................................................. 1 

Table 1-2. Collected subdivision drainage reports........................................................................................ 3 

Table 1-3. Flood Insurance Studies ............................................................................................................... 4 

Table 1-4. FEMA flood zones within the study area ..................................................................................... 4 

Table 3-1. FLO-2D model domain areas and number of grid elements ...................................................... 17 

Table 3-2. LiDAR flight parameters, reproduced from DAS (2018b)........................................................... 18 

Table 3-3. Maximum NOAA14 point rainfall estimates (in inches) by recurrence interval and model 

domain ........................................................................................................................................................ 22 

Table 3-4. Runoff curve numbers for arid and semiarid rangelands, from NRCS (2004) ........................... 25 

Table 3-5. Final runoff curve numbers used in the FLO-2D modeling ........................................................ 25 

Table 3-6. {ǳǊŦŀŎŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŀƴŘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ aŀƴƴƛƴƎΩǎ ƴ ǾŀƭǳŜ .................................................... 27 

Table 3-тΦ Cǳƭƭ Ŧƭƻǿ ǾŜǊǎǳǎ ά5έ ƭƛƴŜ ǇƛǇŜ ŎŀǇŀŎƛǘȅ ǳǎŜŘ ƛƴ ǘƘŜ C[h-2D modeling ....................................... 32 

Table 3-8. Peak flow and volume results from the FLO-2D floodplain cross-sections ............................... 34 

Table 3-9. Comparison with 100-year USGS regression equation .............................................................. 48 

Table 3-10. HEC-RAS comparison with FLO-2D ........................................................................................... 55 

Table 5-1. Major characteristics of the sediment in the within the lower watershed ............................... 72 

Table 5-2. Comparison of sediment transport (Yang) and sediment yield (MUSLE) results ...................... 81 

Table 5-3. Sediment design volumes .......................................................................................................... 84 

Table 6-1. Buildings flooding hazard classification results (base conditions) ............................................. 96 

Table 6-2. Buildings that are impacted by various depths (base conditions) ............................................. 99 

Table 6-3. Summary of flood damage estimates (base conditions) ......................................................... 102 

Table 7-1.  Summary of design characteristics for the regional basins .................................................... 104 

Table 7-2.  Mitigation system nomenclature ............................................................................................ 105 

Table 7-3.  Summary of depth analyses for the two proposed conditions scenarios ............................... 112 

Table 7-4.  Summary of flood damage estimates and potential benefit for the two proposed conditions 

scenarios ................................................................................................................................................... 112 

Table 8-1.  Relative benefit comparison by system .................................................................................. 117 

Table 8-2.  Comparison of buildings removed from flooding hazards ...................................................... 118 

Table 8-3.  Design storm volume reduction benefit comparison ............................................................. 119 

Table 8-4.  Design storm peak flow reduction benefit comparison .......................................................... 120 

Table 8-5.  Acreage removed from the flooding hazard ........................................................................... 121 

Table 8-6.  Initial prioritization and design level matrix for all ADMP alternatives .................................. 124 

Table 8-7.  Initial prioritization and design level matrix for the Mark Twain System ............................... 125 

Table 8-8.  Potential grant funding sources .............................................................................................. 126 

 

 

 



FINAL DRAFT 
 

vi 
 

Appendices 

Appendix A ς JE Fuller Hydrology Memorandum (dated August 14, 2018) 

Appendix B ς Digital Aerial Solutions, LLC LiDAR Reports 

Appendix C ς Digital Data Submittal 

Appendix D ς Concept Design Sheets, Construction Cost Estimates, and Life-Cycle Cost Estimates 



FINAL DRAFT 

 

1 Dayton Valley Area Drainage Master Plan 

1 INTRODUCTION 

1.1 PROJECT PURPOSE 
The Dayton Valley Area Drainage Master Plan (DVADMP) was developed to meet three primary 

objectives:  First ς evaluate and identify flooding and sedimentation hazards within the project area by 

the implementation of a work plan which includes data collection, review of previous studies, 

information gathering from public agencies and local residents, hydrologic and hydraulic modeling, 

geomorphic assessments, and field surveys.  Second ς develop a series of alternatives to either partially 

or wholly mitigate the hazards identified in the first objective.  Third ς provide stakeholder coordination 

and public outreach of the project through a series of public meetings to inform of the existing hazards 

and to present the mitigation alternatives.   

Each major task of the project is presented herein with a description of the technical approach, analysis 

results, interpretation of results, and applicability to the overall project purpose.  The results of this 

study can be used as a planning tool and as input to the design of potential future drainage 

infrastructure and flood mitigation measures that are appropriate for the physical environment for both 

existing and future development.   

1.2 PROJECT LOCATION 
The DVADMP study area is 68 square miles and is located on the southeastern slopes of the Virginia and 

Flowery Ranges, approximately 15 miles east of Carson City (Figure 1-1).  Most of the study area spans 

Lyon and Storey Counties, with a small portion of the upper-watershed extending into Washoe County.  

The percent study area by county is: Storey County (60%), Lyon County (38%), and Washoe County (2%).  

The primary focus area of the DVADMP is the lower watershed area downstream of the mountains, also 

shown on Figure 1-1.   

There are several unincorporated communities within the study area which are listed in Table 1-1 and 

shown in Figure 1-1.   

Table 1-1. Communities within the study area 

Unincorporated Community County 

Virginia City (County Seat) Storey 

Gold Hill Storey 

Dayton Lyon 

Silver City Lyon 
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2 Dayton Valley Area Drainage Master Plan 

 

Figure 1-1. Study area vicinity map 
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3 Dayton Valley Area Drainage Master Plan 

 

 

1.3 PREVIOUS STUDIES 
An early phase of the study included research and collection of previous reports and studies relevant to 

the ADMP area.  These included drainage reports for local subdivisions, flood insurance studies (FIS), 

and geologic reports.  A summary of the different types of reports are summarized in the following 

sections. 

1.3.1 Subdivision Drainage Reports 
Several drainage reports and drainage studies were collected from the county agencies and included 

information that was used directly in the development of the existing conditions hydraulic model 

(Section 3).  The documents provided information on the location and design for drainage facilities 

within the individual subdivisions.  All the collected drainage reports are included in the digital appendix 

(Appendix C).  Table 1-2 lists the collected documents.   

Table 1-2. Collected subdivision drainage reports 

Title Author Date Subdivision 

Drainage Reports and Drainage Studies 

Revised Final Drainage 
Study for Riverpark Dunes 
II 

TEC Civil Engineering 
Consultants 

August 2005 Riverpark Dunes II 

Final Drainage Analysis 
for Traditions Phase 1, 
Unit 1, 2, 3 Revision 

Capital Engineering September 2005 Traditions Phase 1 

Final Hydrologic Drainage 
Study for Riverpark Phase 
3, Units 16-18 Residential 
Development 

Manhard Consulting June 2016 Riverpark Phase 3 

Technical Drainage Study 
for the Gold Country 
Estates Tentative 
Subdivision ς Map Phase 
2A 

Lumos & Associates, Inc. October 2016 Gold Country Estates 

1.3.2 Flood Insurance Studies 
Federal Emergency Management Agency (FEMA) Flood Insurance Studies (FIS) for Lyon and Storey 

Counties were collected and reviewed for historical flooding records and regulatory discharge estimates 

for watercourses in the study area.  Table 1-3 lists the collected studies and derived information.  

Although the goal of this study is ƴƻǘ ǘƻ άƳŀǘŎƘέ ǘƘŜ CL{ ŘƛǎŎƘŀǊƎŜ ŜǎǘƛƳŀǘŜǎΣ ǘƘŜȅ Řƻ ǇǊƻǾƛŘŜ ŀ ōŀǎŜ-

level comparison for the hydraulic model results (see Section 3.4  The consistency of discharges between 

years in Table 1-3 suggests that there has been no revision to the hydrology for FEMA regulatory studies 

since at least 1998. 
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4 Dayton Valley Area Drainage Master Plan 

Table 1-3. Flood Insurance Studies 

Study Date County 
DVADMP 

Watercourses 

10-year 
Discharge                

(cfs) 

50-year 
Discharge                

(cfs) 

100-year 
Discharge                

(cfs) 

July 1993 Storey No - - - 

January 1998 Lyon 
Gold Canyon Creek 1,100 2,100 2,300 

Six Mile Canyon 142 1,284 3,792 

February 2000 Lyon 
Gold Canyon Creek 1,100 2,100 2,300 

Six Mile Canyon 142 1,284 3,792 

January 2009 Lyon 
Gold Canyon Creek 1,100 2,100 2,300 

Six Mile Canyon 142 1,284 3,792 

January 2009 
Storey                              

(current effective) 
No - - - 

January 2016 
Lyon                                   

(current effective) 

Gold Canyon Creek 1,100 2,100 2,300 

Six Mile Canyon 142 1,284 3,792 

 

1.3.2.1 Effective FEMA Floodplain Mapping 
As of the date of this study, Six Mile Canyon, Gold Canyon Creek, and the Carson River are the only 

watercourses in the study area with FEMA regulatory floodplains (Figure 1-2).  Table 1-4 lists the 

descriptions for each flood zone within the study area.  Like FIS data, FEMA floodplain mapping provides 

a base-level comparison of flood risk for the hydraulic modeling results from this study.   

 

Table 1-4. FEMA flood zones within the study area 

Flood Zone Definition Flooding Type 
Recurrence 

Interval 

A No base flood elevation is provided Riverine 1% chance 

AE Base flood elevation (BFE) is provided Riverine 1% chance 

AE with Floodway BFE and Floodway is provided Riverine 1% chance 

AO 1, 4 Depth 1 foot, Velocity 4 feet/second  Alluvial Fan 1% chance 

AO 1, 5 Depth 1 feet, Velocity 5 feet/second  Alluvial Fan 1% chance 

AO 2, 7 Depth 2 feet, Velocity 7 feet/second  Alluvial Fan 1% chance 

AO 3, 7 Depth 3 feet, Velocity 7 feet/second  Alluvial Fan 1% chance 

AO 3, 8 Depth 3 feet, Velocity 8 feet/second  Alluvial Fan 1% chance 

X Flooding outside the SFHA Riverine, Alluvial Fan 0.2% chance 
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Figure 1-2. Effective FEMA Floodplains 
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1.3.3 U.S. Army Corps of Engineers Alluvial Fan Mapping 
In December 2017 the U.S. Army Corps of Engineers (USACE), Sacramento District, published a study 

titled Alluvial Fan Mapping for the Carson River Watershed Methodology (Floyd, 2017) which included 

the DVADMP study area.  The purpose of the mapping study was to classify the relative risk of alluvial 

fan landforms within the Carson River Watershed.  Alluvial fan landforms were identified and assigned a 

risk ranking based on the following categories: 

�x Appearance of active or inactive 

�x Existence of disturbances 

�x Presence of infrastructure 

Within each category, a series of risk factors were examined.  For example, the Active/Inactive category 

included four risk factors: 

o Soil Development 

o Alluvium 

o Unconfined Flow 

o Incised Channels 

The risk factors were assigned a relative score and summed to derive an overall hazard ranking by 

watershed.  Figure 1-3 from the report depicts the distribution of relative risk rankings by watershed.  

Figure 1-4 shows the identified alluvial fan landforms within the DVADMP study area and their assigned 

risk.   
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Figure 1-3. Distribution of relative risk rankings by watershed, from Floyd (2017) 
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Figure 1-4. USACE alluvial fan risk ranking 
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1.4 HISTORICAL FLOW PATH ASSESSMENT 
Understanding the historical evolution of a geomorphic system is critical to understanding present-day 

processes and predicting future trends.  Natural systems can take hundreds of thousands of years to 

develop, and their morphology is a direct reflection of this long-development period.  Anthropogenic 

changes to a natural system often result in abrupt changes that can be managed for a brief period, but 

quite often the disturbed system will trend back to its natural condition, despite efforts to change and 

maintain it.   

A historical flow path assessment was conducted for the DVADMP study area to assess the natural 

flowpaths of the study watercourses with the goal that understanding the natural flowpaths will aid in 

understanding the current flooding patterns and potential future flooding trends.   

1.4.1 Aerial Photography 
Historical aerial photography from 1948 (earliest year available) was collected and semi-rectified using 

ArcGIS software tools.  The natural flow paths for the project watercourses were identified and 

delineated from the photography.  Figure 1-5 shows the 1948 aerial photography and Figure 1-6 the 

modern aerial photography (2017) for the ADMP focus area.  The 1948 photographs pre-date much of 

the development within the focus area and shows the landforms in a (mostly) natural condition.  The 

locations of the main flowpaths for the major drainage channels were interpreted and delineated from 

the 1948 photographs to compare with the present-day locations (Figure 1-7).  The figure indicates that 

many of the main flowpaths have remained stable over the past 70 years.  A few flowpaths have 

experienced significant changes due to development and channelization.  Six Mile Canyon has shifted 

over 1,000 feet to the east since 1948.  The flowpaths in the undeveloped portions of the eastern 

project area have remained relatively stable since 1948.   

1.4.2 Summary 
The most significant changes in flow path alignment since 1948 have occurred due to manmade channel 

realignments.  Both the historical and modern aerial photography indicate evidence of distributary and 

active alluvial fan drainage patterns throughout the project focus area, but many of the main drainage 

channels have remained laterally stable for at least the past 70 years.  This suggests that there may not 

have been a flood event of sufficient magnitude since at least 1948 to cause major channel avulsions.  

The major watercourses were investigated during the field verification phase of the ADMP and were not 

found to be incised or laterally confined within the lower project focus area.  In other words there are 

no physical constraints that should have prevented historical channel avulsions since 1948, which 

ŦǳǊǘƘŜǊ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜǊŜ ƘŀǎƴΩǘ ōŜŜƴ a flood event with sufficient energy to cause a major channel 

avulsion.   
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Figure 1-5. 1948 aerial photography 
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Figure 1-6. 2017 aerial photography 
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Figure 1-7.  Main flowpath comparison (1948-2017) 
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2 PIEDMONT LANDFORMS 
A piedmont is a broad, gently sloping and low relief plain located between mountain ranges and axial 

drainages and are part of an erosion-depositional system where sediment eroded from mountains is 

transported by a stream across the piedmont to a valley where it is deposited, or to an axial stream 

where it is transported out of the valley. Piedmont slopes range from less than 1 percent near the valley 

floors to more than 10 percent near the mountains.  Typical piedmonts consist of pediments and relict 

fans on the upper slopes adjacent to the mountains and alluvial plains on the lower slopes adjacent to 

the valley floors or base level streams.  Active alluvial fans (fans that are presently aggrading and 

eroding) can occur anywhere on the piedmont.  Lower portions of many piedmonts consist of alluvial 

plains, low-relief aprons of mostly fine-grained deposits with small, discontinuous channel networks. 

Many piedmonts are formed by the lateral coalescence of separate alluvial fans into a landform called a 

bajada.   

Piedmonts often have areas of tributary stream channels and distributary stream channels.  Floodwater 

enters the piedmont in channels from the tributary mountain streams and as overland flow along the 

mountain front and from rainfall directly on the piedmont surface.   

Active alluvial fan landforms function primarily as loci of deposition for sediment and detention and 

infiltration of floodwater, whereas the channels of pediments, relict fans and inactive alluvial fans 

function as transport corridors for sediment.  Much of the deposited sediment on active alluvial fans can 

be remobilized by subsequent floodwater and redeposited down slope. A most significant difference 

between flood hazards on active alluvial fans and pediments, relict fans, and inactive alluvial fans is that 

paths of flow on active alluvial fans can change gradually or suddenly (avulsion) during flooding. The 

paths of flow on pediments, relict and inactive alluvial fans typically can be considered fixed for 

purposes of flood hazard assessment. 

2.1 FLOWPATH UNCERTAINTY 
An avulsion is the process by which flow is diverted out of an established channel into a new course on 

the adjacent floodplain (Slingerland & Smith, 2004).  Avulsions divert flow from one channel into 

another, leading to a total or partial abandonment of the previous channel (Field, 2001; Bryant et. al., 

1995), or may involve simple flowpath shifts in a braided or sheet flooding system (Slingerland & Smith, 

2004).  Avulsions are commonly associated with alluvial fan flooding, but are also known to occur on 

riverine systems and river deltas (Slingerland & Smith, 2004).  

¢ƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ŀǾǳƭǎƛƻƴǎ ƛǎ ǿƘŀǘ ƳŀƪŜǎ ŀƴ ŀƭƭǳǾƛŀƭ Ŧŀƴ άŀŎǘƛǾŜΦέ !Ǿǳƭǎƛƻƴǎ ƎƛǾŜ ǘƘŜ ŀƭƭǳǾƛŀƭ Ŧŀƴ ǘƘŜ 

ability to distribute water and sediment over the surface of the landform, which results in the radial 

άŦŀƴέ ǎƘŀǇŜΦ !Ǿǳƭǎƛƻƴǎ ƛnfluence flood hazards on an alluvial fan landforms by changing the location, 

concentration and severity of flooding on the fan surface. That is, an area not previously inundated by 

flooding (or inundated only by shallow flow) may in a subsequent flood become the locus of flood 

inundation, sediment deposition, and/or erosion. If an alluvial fan has no risk of avulsion, flood hazard 

delineation and mitigation become much simpler engineering problems, consisting only of modeling 

two-dimensional flow and/or normal riverine hydraulic and sedimentation issues.   

The occurrence of major avulsions in an alluvial fan drainage system introduces the following 

complications into an engineering analysis of the flood hazard: 
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�x Uncertain and changing flowpath locations, during and between floods 

�x Continually changing channel and overbank flowpath topography 

�x Inundation and/or sedimentation hazards in previously un-flooded areas 

�x Uncertain and changing flow rate distribution for areas downstream of avulsions 

�x Uncertain and changing watershed boundaries for areas downstream of avulsions 

�x Aggrading, net depositional land surfaces and channels with diminishing capacity 

�x Unsteady, rapidly-varied flow conditions 

�x High rates of infiltration and flow attenuation across the fan surface 

As discussed previously in Section 1.3.3, the ADMP focus area is comprised of multiple active alluvial fan 

landforms that show clear evidence of both historical and modern flowpath uncertainty conditions.  The 

flowpath uncertainty issue was addressed in this analysis by the use of the maximum flood hazard two-

dimensional hydraulic modeling results.  Flowpath uncertainty is caused by abrupt channel avulsions 

that occur during flood events.  The cause of the channel avulsion can vary from channel aggradation 

(sedimentation) causing a rapid lateral shift in channel position, to overbank flooding carving a new 

channel, to upstream headcutting resulting in channel piracy.  Regardless of the cause, the resulting 

abrupt change in channel position is something that is generally unpredictable and uncertain.  The 

flowpath uncertainty analysis methodology addresses the channel avulsion potential element of the 

hazard analysis.  Flowpath uncertainty modeling was conducted for this study to account for the 

potential hazards and is discussed in detail in Section 4.   
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3 HYDROLOGIC AND HYDRAULIC MODELING 

3.1 METHOD DESCRIPTION 
Since there are two jurisdictions (Storey and Lyon Counties) within the study area, multiple drainage 

guidelines were reviewed to ensure consistency in modeling methods and usability for the counties.  

Some of the reviewed documents included: 

1) Drainage Guidelines for Lyon County (2006), 

2) Nevada Department of Transportation (NDOT) Hydraulics Manual (2006), 

3) Truckee Meadows Regional Drainage Manual (2009), 

4) Recently completed NDOT Research Report (2015), 

5) Flood Control District of Maricopa County (FCDMC) Hydrology Manual (2013). 

6) National Oceanic and Atmospheric Administration (NOAA) Atlas 14 Precipitation Frequency 

Estimate of the United States Volume 1 (NWS, 2011). 

Based on these guidelines/manuals and an assessment of the watershed, the procedures that were used 

for hydrology and infiltration for the DVADMP are as follows: 

�x Infiltration was simulated using runoff curve number (CN) methodology per the Lyon County 

Drainage Guidelines.   

�x Rainfall depths were based on the NOAA Atlas 14 (NOAA14) precipitation estimates.   

�x The temporal distribution of the 6-hour storms was based on the balanced mass curve, while 

the 24-hour storms were based on the NDOT GLE mass curve.     

All modeling, both hydrologic and hydraulic, was done using the FLO-2D Pro software1 package, Build 

No. 16.06.16 with an executable dated February 28, 2017.  This version has been used for multiple area 

drainage master studies and has functioned adequately.  FLO-2D was selected for the DVADMP due to 

the following: 1) to maintain method consistency with other ADMP and drainage studies in the area 

(Manhard, 2012; JE Fuller, 2018), 2) to streamline model development since there are many small 

subbasins that would require individual analysis if a lumped parameter model, such as HEC-HMS were 

used, and 3) FLO-2D is a combined rainfall-runoff model (i.e., both hydrologic and hydraulic processes 

are simulated within the model). 

3.2 MODEL DEVELOPMENT  

3.2.1 Spatial Reference System 
All data that was generated for the DVADMP used the horizontal control of the Nevada Coordinate 

System, West Zone, NAD83; while the vertical datum was the North American Vertical Datum of 1988 

(NAVD 88).  The units of measurement were U.S. Survey Feet.   

3.2.2 Model Domains 
The boundaries of the modeling domains are shown in Figure 3-1.  The upper watershed areas (Gold 

Canyon and Upper Watershed) were modeled to provide inflow hydrographs to the detailed modeling  

                                                           
1 https:// www.flo-2d.com/ 
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Figure 3-1. Modeling domains used in the Dayton Valley ADMP 
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ŀǊŜŀΣ ƭŀōŜƭŜŘ ŀǎ ά[ƻǿŜǊ ²ŀǘŜǊǎƘŜŘέ ƛƴ ǘƘŜ ŦƛƎǳǊŜΦ  ¢ƘŜ ǳǇǇŜǊ ǿŀǘŜǊǎƘŜŘ ŀǊŜŀs will also be referred to as 

άƻŦŦ-site arŜŀǎέ ǘƘǊƻǳƎƘƻǳǘ ǘƘƛǎ ǊŜǇƻǊǘ ǎƛƴŎŜ ǘƘŜ ŘŜǘŀƛƭŜŘ ƳƻŘŜƭ ŀǊŜŀ ƛǎ ǘƘŜ ŦƻŎǳǎ ƻŦ ǘƘŜ ŦƭƻƻŘ ƘŀȊŀǊŘ 

identification and mitigation alternative development. 

Since FLO-2D is a combined rainfall-runoff model, off-site modeling was completed using less detailed 

(by surface classification and culvert/storm drain modeling) models, with inflow hydrographs from these 

upstream FLO-2D models being transferred to the upstream boundary of the detailed FLO-2D model.   

3.2.3 Grid Size 
The Dayton Valley watersheds contain many small drainage features that need to be adequately 

captured in the model to provide the most accurate results.  Some of these features include small 18-

inch storm drains and minor drainage ditches.  A high-resolution, 15-foot grid-size was selected to 

provide the necessary detail to model these features while maintaining reasonable model run times 

based on the overall size of the modeling domains.  The domain area and the number of grid cells in 

each model are shown in Table 3-1. 

Table 3-1. FLO-2D model domain areas and number of grid elements 

Model 
Domain 

Domain Area       
(sq. miles) 

Number of Grid 
Elements 

Upper 33.2 4,108,472 

Lower 21.2 2,625,748 

Gold Canyon 15.8 1,956,869 

 

3.2.4 Grid Element Elevations 
The limits of all the topographic mapping sources used in the FLO-2D modeling are shown in relation to 

the model domains as Figure 3-2.  There were three mapping sources: 

�x USGS QL1 LiDAR 

�x USGS QL2 LiDAR 

�x NEXTMAP 5-meter DTM 

All three mapping sources are discussed in detail below. 

3.2.4.1 USGS LiDAR 
As a part of the 3D Elevation Program2, the USGS collected high resolution LiDAR data for a large portion 

of Carson City and Washoe, Storey, and Lyon counties in Nevada through a contract with Digital Aerial 

Solutions, LLC (DAS) ς Contract Number: G16PC00044.  This data was collected at two specifications, 

QL1 and QL2.  The flight parameters and point densities for both datasets are listed in Table 3-2.  LiDAR 

collection began on September 19, 2017 and was completed on October 27, 2017 (DAS, 2018b).  The 

original LiDAR data was collected with elevations in meters, a horizontal spatial reference of UTM Zone 

11 N, Meters, NAD83, and a vertical spatial reference of NAVD 88.  The DAS LiDAR reports are included 

in Appendix B.   

                                                           
2 https://www.usgs.gov/core-science-systems/ngp/3dep 
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Table 3-2. LiDAR flight parameters, reproduced from DAS (2018b) 

 

 

3.2.4.2 NEXTMAP Data 
Approximately 0.56 square miles of the lower watershed (outside of the DVADMP focus area) was not 

included in the USGS LiDAR mapping area.  Topographic data (DTM) was purchased from Intermap3 for 

the 0.56 square mile gap area.  This DTM product (referred to as NEXTMAP has a 5-meter resolution 

with elevation values in meters, a horizontal spatial reference of GCS North American 1983, and a 

vertical spatial reference of NAVD 88.  Initial FLO-2D results from the NEXTMAP data were reasonable 

and compared well with observed flow patterns on aerial photography.   

3.2.4.3 Combined FLO-2D Data 
Since the LiDAR and NEXTMAP data were both in meters and in a different horizontal coordinate system 

than the DVADMP, the data was first converted to feet and the Nevada Coordinate System, West Zone, 

NAD83 and combined into a single raster.  This single raster had a grid resolution of 1-foot to maintain 

accuracy of the LiDAR data even though the NEXTMAP data has a courser resolution.  This high-

resolution raster was resampled to a 15-foot grid raster that reflects the average grid elevations that are 

used in the actual FLO-2D models.  The three topographic sources and their relation to the FLO-2D 

model domains are shown in Figure 3-2.   

                                                           
3 http://www.intermap.com/ 
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Figure 3-2. Limits of topographic mapping data 
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3.2.5 Model Inflow/Outflow  
In general, outflow nodes were placed along the entire boundary of the model domains to let water 

free-flow out of the domain.  However, the FLO-2D inflow/outflow routine was used to automatically 

transfer flow between the Upper watershed to the Lower watershed.  This means that the boundaries 

between these two models are coincident, and the outflow nodes from the upper model provided the 

inflow hydrographs for the inflow nodes in the lower model.  These inflow nodes are symbolized in 

orange along the boundaries of these two models in Figure 3-3. 

Since the Gold Canyon watershed was added after the grid layout for the Upper and Lower models was 

finalized, the automated inflow/outflow routine was not used, and the model boundary was developed 

to allow for some overlap between the Gold Canyon and Lower models (see Figure 3-3).  For Gold 

Canyon, outflow nodes were placed along the outer boundary, and a floodplain cross-section was placed 

in a confined section of the Gold Canyon creek.  The hydrograph from this cross-section was then 

supplied as an inflow hydrograph to the Lower model, which is symbolized as a star in Figure 3-3. 
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Figure 3-3. Hydrograph flow transfer between FLO-2D models 
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3.2.6 Precipitation Development 
As a part of the DVADMP, three design storms were simulated: 

�x 25-year, 24-hour 

�x 100-year, 24- hour 

�x 100-year, 6-hour 

The 24-hour durations were chosen to bŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ /ƻǳƴǘƛŜǎΩ ŘǊŀƛƴŀƎŜ ǊŜƎǳƭŀǘƛƻƴǎΣ ǿƘƛƭŜ ǘƘŜ 

6-hour duration was chosen because this higher intensity duration usually results in higher peak flow 

estimates for smaller (i.e., < 20 square miles) drainage areas.   

3.2.6.1 Precipitation Depths 
NOAA Atlas 14 (NOAA14) precipitation depth estimates were downloaded from the National Weather 

Service (NWS) website (2018) as raster images, then used to apply the spatially varied rainfall estimate 

for each grid element in the model.  This means that the point statistics are used at each grid cell in the 

FLO-2D model, which is different than the typical centroid-based precipitation estimates that are used in 

lumped parameter (e.g., HEC-HMS or HEC-1) modeling.  Point rainfall statistics were selected because:  

1) Using point rainfall has been the general procedure for other ADMP studies in the southwest. 

2) Using point statistics results in reasonable but conservative flow estimates.   

The maximum rainfall point values for each submodel are shown in Table 3-3. 

Table 3-3. Maximum NOAA14 point rainfall estimates (in inches) by recurrence interval and model domain 

Model 
Domain 

Storm Event 

25Y24H 100Y6H 100Y24H 

Upper 3.595 2.225 4.607 

Lower 2.520 1.848 3.214 

Gold Canyon 3.527 2.212 4.516 

 

3.2.6.2 Hyetographs 
Due to the large increase in precipitation depth that occurs when the duration increases from 6 to 24 

hours (see Table 3-3), the άbalanced ǎǘƻǊƳέ ƘȅŜǘƻƎǊŀǇƘ ŀƴŘ ǘƘŜ {/{ Type II both produced peak flow 

results that were significantly higher than the peak flow estimates from the USGS regression equations 

(discussed later in this document).  Therefore, JEF conducted a preliminary investigation of hydrology 

methods (see Appendix A), and it was determined by the client team that the NDOT (2015) hyetograph 

for this region should be used for the 24-hour storms, while the άōŀƭŀƴŎŜŘ ǎǘƻǊƳέ ƘȅŜǘƻƎǊŀǇƘ ǿƻǳƭŘ ōŜ 

used for the 6-hour duration.  The 6-hour balanced storm was developed with HEC-HMS version 4.2 

using the frequency storm option (USACE, 2016a), while the 24-hour hyetograph was developed with 

the NDOT calculation spreadsheet using the 90th percentile maximum intensity (MI) from the Virginia 

Creek HUC-12 watershed.  A comparison of the final two temporal distributions that were used in the 

ADMP is shown in Figure 3-4. 
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Figure 3-4. Comparison of 6- and 24-hour hyetographs used in the DVADMP 

 

 

3.2.7 Infiltration Development 
As mentioned in Section 3.1, the curve number methodology was used to calculate infiltration for this 

study.  Curve numbers were extracted from the NRCS National Engineering Handbook (2004) which 

relates hydrologic soil group (HSG) and vegetation coverage type (Table 3-4).  The cover type selected 

for the upper watershed and most of the Gold Canyon watershed was Pinyon-juniper, with desert shrub 

selected for the lower watershed.  The final, composite curve numbers selected for the FLO-2D models 

are listed in Table 3-5.     

Reasonable curve numbers were selected based on the HSG of the soils within the study area and an 

adjustment to account for surface imperviousness of pavement. 

The Soil Survey Geographic (SSURGO) data from the National Resource Conservation Service (NRCS) was 

downloaded from the web soil survey (NRCS, 2018) and classified by HSG (Figure 3-5). 
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Figure 3-5. Hydrologic Soil Group (HSG) classification for soils Dayton Valley ADMP, from NRCS (2018) 
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Table 3-4. Runoff curve numbers for arid and semiarid rangelands, from NRCS (2004) 

 

 

 

Table 3-5. Final runoff curve numbers used in the FLO-2D modeling 

Hydrologic 
Soil Group 

Curve 
Number 

A 51 

B 51 

C 63 

C/D 80 

D 80 

Pavement 99 
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Figure 3-6. Spatial distribution of curve numbers used in the FLO-2D modeling 
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3.2.8 Grid Element Roughness �~�D���v�v�]�v�P�[�•��n Values) 
The FLO-н5 ƳƻŘŜƭ ǳǎŜǎ aŀƴƴƛƴƎΩǎ ƴ ǾŀƭǳŜ ǘƻ ŜǎǘƛƳŀǘŜ ǊƻǳƎƘƴŜǎǎ ƻƴ ŜŀŎƘ ƎǊƛŘΦ  9ŀŎƘ ƎǊƛŘ ŜƭŜƳŜƴǘ ƛǎ 

assigned an average n value based on the underlying surface conditions.  For this study, a detailed 

surface feature classification was developed by refining land use data provided by Lyon and Storey 

Counties and adding more detail in areas where the delineations were generalized.  For example, major 

areas of pavement (parking lots and roads) and wash corridors were delineated in the modeling area 

since these features are major conveyances.  In addition, the counties provided GIS data for building 

footprints within the study area.  This data was also updated by the project team to include new 

structures that were built after the data was initially generated.   

Table 3-6 lists the surface classification and its corresponding aŀƴƴƛƴƎΩǎ ƴ values that were used in this 

analysis.  The spatial distribution of the surface classification is shown in Figure 3-7. 

 

 

 

Table 3-6�X���^�µ�Œ�(�����������o���•�•�]�(�]�����š�]�}�v�����v�������}�Œ�Œ���•�‰�}�v���]�v�P���D���v�v�]�v�P�[s n value 

Surface 
Classification 

Manning's N 

Upper Watershed 0.06 

Lower Watershed 0.05 

Turf 0.06 

Pavement 0.02 

Buildings 0.05 

Washes 0.04 

Water 0.04 

 



FINAL DRAFT 

 

28 Dayton Valley Area Drainage Master Plan 

 

Figure 3-7. Surface classification used to assign grid element roughness in the FLO-2D model 
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3.2.9 Model Control Parameters 
CONT.DAT and TOLER.DAT contain numerical stability and simulation controls for the FLO-2D model. The 

CONT.DAT file controls simulation time, output report time interval, some numerical controls and model 

switches, such as infiltration and rain. The total simulation time was set to 12 hours for the 6-hour 

storm, while the total simulation time was set to 30 hours for the 24-hour simulations. These times were 

sufficient to ensure the floodwave has traveled through the entire study area.  

Lƴ ǘƘŜ /hb¢Φ5!¢ ŦƛƭŜΣ ǘƘŜ Ǝƭƻōŀƭ aŀƴƴƛƴƎΩǎ ƴ ǾŀƭǳŜ ŀŘƧǳǎǘƳŜƴǘ ŦŀŎǘƻǊ ό!a!bbύ ŀƴŘ ǘƘŜ ƭƛƳƛǘƛƴƎ CǊƻǳŘŜ 

number (FROUDL) were the numerical controls that were used in the Dayton Valley ADMP study.  For 

this study, these controls were set to: 

�x AMANN = 0 (depth integrated roughness is used with the SHALLOWN parameter)  

�x FROUDL = 2.0 (Off-site areas), 1.2 (detailed model area)  

�x SHALLOWN = 0.1 

For the limiting Froude number, a value of 2.0 was used in the off-site, upper watershed areas due to 

the presence of mountainous and piedmont areas where high flow velocities are possible since slopes 

can be greater than 20%.  In the detailed model area, the limiting Froude number was set to 1.2 to 

account for the general reduction in slope as compared to the upper watersheds.   

The TOLER.DAT file contains the numerical tolerance settings specified for the model. These settings are: 

the flow exchange tolerance (TOL), percent allowed change in flow depth (DEPTOL), dynamic wave 

stability criteria (WAVEMAX), and Courant-Friedrich-Lewy numerical stability parameter for floodplain 

grid element flow exchange (COURANTFP). For the Dayton Valley models, the settings applied were: 

�x TOL = 0.004 feet (the depth at which FLO-2D begins to route flow) 

�x DEPTOL = 0 (not used, model uses Courant number as stability criteria) 

�x WAVEMAX = 0 (not used, model uses Courant number as stability criteria) 

�x COURANTFP = 0.6 (main stability criterion used by FLO-2D) 

These values have been used in similar studies, which yielded reasonable results. For this project, these 

values have produced good model stability and reasonable results. 

3.2.10 Hydraulic Structures 
Both culverts and minor storm drains in the study area were simulated with the hydraulic structure 

routine within the FLO-2D software.  Please see the FLO-2D Data Input Manual (FLO-2D Software, Inc., 

2016) and the FLO-2D Reference Manual (FLO-2D Software, Inc., 2017) for more details on the 

application of this routine and its associated modeling options.  All structures (culverts and storm drains) 

that were modeled as a part of this ADMP are shown in Figure 3-8.  Lyon County and NDOT provided the 

project team with culvert and storm drain database files which included the location and size of the 

structures.  JEF staff conducted multiple field verification visits to the study area (Nov 2017, Aug 2018, 

Nov 2018) to verify the database information for many of the culverts (e.g. locations, sizes, overall 

condition, etc.).  Where field verifications did not match the database records, adjustments were made 

to the models to be consistent with field observations.   
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Figure 3-8. Locations of all modeled hydraulic structures (storm drains and culverts) 




































































































































































































