FINALDRAFT

Dayton ValleyArea Drainage Master Pla
Technical Support Data Notebc

prepared for
LyonCounty| Storey County |
Carson Water Subconservancy Dis

JE FULLER

8400 S Kyrene Rd, STE 201
Tempe, AZ 85284
www.jefuller.com




FINALDRAFT

Table of Contents

1

L] goTo (U111 o] o DO PP PP PPPRPN 1
O R o (0] =Tod i U o To L =T PP PRRPP PP 1
1.2 PrOJECE LOCEDN .....eeiiiieiiiiiitee et ettt e st e e e e e e e e e e e e e e e e e e e e neeaee s 1
1.3 PreVIOUS STUAIES ...couiiiiiiiiiii etttk e e e e e b b e e e s e e e e e bre e e 3

1.3.1  Subdivision DraiNage REPOILS..........uuuuiiiiiiiiiiiiiiiiiieeererere e eeeeaeaaeaaaaeaaaaeaae e s essaanaaannns 3

1.32 FIOOd INSUrANCE STUIES. .....eiiiiiiiiiiii et e e 3

1.3.3 U.S. Army Corps &ngineers Alluvial Fan Mapping..........cccoccvvieeieeniniiiineeeee e 6
1.4  Historical FIOW Path ASSESSMENL. ........oiiiiiiiiie et e e 9

O AN T = T o T ] (oo [r=1 ] £ )25 9

1.4.2 RS 0] = 7 PSP 9.

PIiedmMONt LANGTOIMS ....coiiiiiiiiiiie e e e e e e e e e e e e eeeas 13
2.1 FIOWPAth UNCEITAINTY. ... ..ieeiiiieiiiiietiie et e e e e e st e e e e s e e e e eas 13

Hydrologic and Hydraulic MOAEING...........uuuuiiiiiiiiiiiiiiiieeeeeeeeee e 15
G 700 R \Y 1= g To To 1= g o] i o] o 1R 15
3.2 MOAEl DEVEIOPMENL.....coiiiieiiee e e e e e e e e e e e e e e e e e e e 15

3.2.1  Spatial ReEferenCe SYSIBIML.......cuiiiiiiiiiiiiiie e 15

3.2.2 MOOEI DOM@INS ... ittt e e e e e et e e e e e s b e e e e e e e e annneeees 15

B.2.3 GO SHZ et 17

3.2.4  Grid ElIement EIQVALIOMNS...........uiiiiiiiie ettt 17

3.25 Model INFIOW/OULFIOW. .......cooiiiiiiiii e 20

3.2.6 Precipitation DeVEIOPIMIB ............uuiiiiieiiiieiiee e 22

3.2.7 INFIltration DEVEIOPMENT..........iiiiiiie it 23

328 DNAR 9fSYSyl w2dzaAKySAa..oal.yy.Ay.d.0Q4..y. 2F

3.2.9  Model CoNtrol PArametersS..........cuviii ittt 29

3.2.10  HYOrAQUIIC STIUCTUIES. ....ceiiieiiiiiiiie ettt e e e s e e e e e annbaeeeeas 29
3.3 Buildings (as FIOW ODSIIUCHOMNS) .......ccuvriiiiieiiiiiieieee e 32
34 MOAEI RESUILS. ...ttt e e e e e e e e et e e e e e e e nnnreees 32

341 FIoodplain CroSSECHONS. .......uiiiiiiiiiiiii et 32

34.2 Depth and Discharge RESULLS............uuuuiiiiiiiiiiiie et 39

O A 4[4 F= 11 (o] 1 SO P RPN PPPPPPPRP 39
3.5 Verification Of RESUILS..........cooiiiiiiiiiiiee e 46

3.5.1  Comparison with USGS Regression EQUAtiONS...........ccccouumumemmiiiiiiiiiiiieieeeeeeeeee e 46

I £ dzS& v



FINALDRAFT

3.5.2 Meeting wih County EMPIOYEES..........ccoiiiiiireeee e e 46
3.5.3 Historical Flooding DOCUMENTALION.........ccccciiiiiiiiiiiiriiiiieeree e e e e e e eaaeea e e 46
3.5.4  Gold Canyon Creek HBBS MOAEliNg.........ccuviiiiiieiiiiieeeeee e 54

1 T TS T 1101 4= PR 57

4 Flow Path Uncertainty ANAlYSES......cuuiiiiiiiiiiiieeiieee e e e 58
o R Y/ To Yo Lo I Lo 7= o] o] 1T | O 58
4.2 COMPOSILE RESUILS. ...t e e e e e e e s eeaeens 59
42.1 How the Composite Result @ais Used in this Study...........cccooociiiiiiiiiiiiiiieee 68

5  Sedimentation ANAIYSES...........uiiiii i e s 69
5.1  Sediment Sampling and TransSport ANGIYSES. ......ccccuuririiiiiiiiiiiiirirrrrrrrereeeeeeeeeeeaaaaaaeaaeens 69
5.1.1  Sediment SAMPIING.........uuuuiiiiiiiiiiiiiiiieieeeer e e e e e e e e e e aaaeaa e e e e e e e s s e e s e s s e s 69
5.1.2  Sediment TranSPOrt ANAKIS. .........ooiuiiiiiiiiiiiie et e e 73

5.2 RESUILS. ...ttt e e e e e e e e e e e e e e ane 74

6  Flood Hazard ClasSIfICAtION. ..........cuuiiiiiieiiiiiie e e e e e e e e e 85
LG 20 A U 10T 1 = S 85
6.2  Flooding Hazards t0 PedeStHans...........coooiiiiiiiiiciiiitr e eer e e e e e e e e e e 85
6.3  Flooding Hazards to Pasg@m VENICIES............ueeiiiiiiiiiiieecceeeeee e 38
6.4  Flooding Hazards 10 SITUCIULES..........cuiiiiiiiiiiiiiiee et e e 95
6.5  Building InUNdation ASSESSIMENL.........ccoiiii i i r e e e e e e e e e e e aaaaaaaaeeas 99
6.5.1 YT {gToTo (o] (0T |V U U RPN 929
6.5.2  BASE CONAILIONS ....cciiiiiiieiiiiii ettt e e e eas 99

6.6 HAZUS ANGIYSES......oeiiiiiiieiiiiiei ettt e e e e et e e e e et e e e e e e a bt e e eeeeeeaaan 101
6.6.1 Methodology and PUIPOSE. ........cuuiiiiiie et 101
6.6.2  BaSE CONUILIONS ....coiiiiiiiiiiiiie ettt e e e e s e 102

TR A YU 1 010 = T Y P 102

7  Regional Flood Mitigation AIREINALIVES.........ccceiiiiiiiiiiieee e 103
4% R | 011 (0T U T 1o ] o PO PP PPPP P 103
7.2  Detention Basin/Channel/Culvert Caept Design Characteristics..........ccccvvvvvvveeeeennnne 103
8 TR € o1 (o @ 10 1Yo o T 108
T4 Cardelll DIECIL......oeeiee e 108
7.5 Basin System Flood Mitigation Conceptual 15% Design Rlans..............cccooccvvvveeeennnns 110
7.5.1 FULUIE DBSIGN . ..eeieiiiiitiee ettt ettt et e e e e e e e e e e s e e e e e e e e e s enneee s 110

7.6  BenefitS SUMMALY........cooiiiiiiii e e e e e e e e e e e e e ee e aneeeeeeeeeeeennnnns 111
7.6.1 Six Mile Canyon 28ear Basin Alternative.............cieeeiiiii e e e 113



FINALDRAFT

8 ADMP Summary and Recommendations............cvuviviiieiiieii e 115
S 700 R = o 1=t A o = 1= 1 o P 115
8.1.1 Initial Prioritization andesign LeVeL...........coouiiiiiiiiiiiiee e 123
8.1.2  Alternatives Not RECOMMENEM...........ccoiiiiiiiiiiiiiiieee e 125

8.2  Potential FUNAING SOUICES.......uuuiiiiiiiiiiiiiiieer et e e e rreeeees 125
8.3  DVADMP LIMITALIONS. .. ..eiiiiitiiieiiiiie ettt nr e 126

O REIEIEICES. ...ttt e e e e e e e e e e s e e e e e 127

List of Figures

Figure 11. Study area VICINILY Ma........ccoiiiiiiiiriiiiiiiiiiiriierreeee e e ereereeseeaeaaaaaaaaaaaeeaaesssssssassaaaaannnes 2
Figure 12. Effective FEMA FIOOPIAINS.........ouiiiiiiiiiiiiie et e e 5
Figure 13. Distrbution of relative risk rankings by watershed, from Floyd (2017).......................... 7
Figure 34. USACE alluvial fan risk ranking..............ueeeeeieeeiieiieciceeeieeeeee e 8
Figure 15. 1948 aerial PROtOGrapiY.......cccoeiiiiiiiiiieeee it e e 10
Figure 16. 2017 aerial pPhotOgraphy.........ccooo i e e 11
Figue 1-7. Main flowpath comparison (L194BDL7).......c.uuumiiieeiiiiiiiiiee e 12
Figure 31. Modeling domains used in the Dayton Valley ADMP............cccooveeiiiiiiiiiiee e 16
Figure 32. Limits @ topographic mapping data...............oooiiiiiiiiiciireeeee e 19
Figure 33. Hydrograph flow transfer between F2D models...........cccuvviiiiiiiiiiiiiiieeceee 21
Figure 34. Comparison of-@and 24hour hyetographs used in the DVADMPR...................cc e, 23
Figure 35. Hydrologic Soil Group (HSG) classification for soils Dayton Valley ADMP, from NRC3 (2018)
Figure 36. Spatial distribution of curve numbers used in the- 2DOnodeling............ccccvvvvieeinnnneee. 26
Figure 37. Surface classification used to assign grid element roughness in tigDRI0OOdel............. 28
Figure 38. Locations of all modeled hydraustructures (storm drains and culverts)....................... 30
Figure 39. Floodplain CrosSeCtion I0CALIONS..........ciiiiiiiiiiiiie e 33
Figure 310. Existing conditions 2fear, 24hour flow depth results....................ccccoiie, 40
Figure 311. Existing conditions 16@ar, 6hour flow depth BSUIS...........cceeveeiiiiiiiiii e, 41
Figure 312. Existing conditions 168@ar, 24hour flow depth results...........ccccccvvvvvverveeeeerieeieeeennnn. 42
Figure 313. Existing conditions 2fear, 24hour discharge results..............ccoo oo, 43
Figure 314. Existing conditions 16@ar, 6hour discharge results............cccccooiiiiiiiieieinniiiieeeeee 44
Figure 315. Existing conditions 16@ar, 24hour discharge results.................ccccccoeeiiiiiiii i, 45
Figure 316. Drainage basins used for compariséiibG2D results to the USGS 196ar regression

[<T0 U E= 11 T0] o PP PP PPPPPPPPPOPY A7

Figure 317. Comparison of FLZD results with the relations betweer®@-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 USBEJ1........ccooeriiiiiiiiiiii e 48
Figure 318. Example of broad, shallow flow and sedimentation..................ccooiiiiiiiiiiiiiiiiieeee 49
Figure 319. Another example of broad, shallow flow..................ooi i, 50
Figure3-20. Culvert outlet flow from the Sheep Camp detention basin..............cccccvvviviiiiieeeennne.n. 51
Figure 321. Example of shallow street flooding...........uuvviiiiiiiiiiiii e 52
Figure 322. Gold Canyon Creek culvert at Pike Street...........uieeiii e, 53



FINALDRAFT

Figure3Ho® t A1S {GNBSG O6MHQ E pQU 02E efngf.ASNI550b2GSY

Figure 324. HEEGRAS crossections for Gold Canyon Creek modeling..........ccccoovevviiiniiiineeinnneee. 56
Figure 41. Flowpath Unceainty virtual Ievee [0CAONS.............cccccuiiiiiiiiiiiiiiiiiiiereee e e e 60
Figure 42. Flowpath Uncertainty eXample...........oooiiiiiiiiiiiiiceccccrr e e e e rre e e e e aaa e 61
Figure 43. Flowpath Uncertainty combined maximum flow depth resultsY2ar, 2-Hour)............... 62
Figure 44. Flowpath Uncertainty combined maximum flow depth results {¥éar, éHour)............... 63
Figure 45. Flowpath Uncertaty combined maximum flow depth results (:0@ar, 24Hour)............. 64
Figure 46. Flowpath Uncertainty combined maximum discharge resultsy@ar, 24Hour)................. 65
Figure 47. Flowpath Uncertainty combined maximum discharge results-{d€éx, 6Hour)................. 66
Figure 48. Flowp#h Uncertainty combined maximum discharge results (Y@@r, 24Hour)............... 67
Figure 51. Example of sediment deposition at CUNELL................ccuveiiiiiiiiieiiiiiiereeee e, 69
Figure 52. Sediment sampling locations labeled with ID.............ccccccciiiiiiiiiiiiiiiieiieeeeeeeeeceeeeenn O
Figure 53. Gradation curves for the twerdyvo sediment SamMpIes.............occvivieiiiiiniiiiiiee e 71
Figure 54. Totalaccumulated sediment transport capacity by the ZeHglterton methodology for the
O[Oy T T e g o U =Y =T o SRR 75
Figure 55. Total accumulated sediment transport capacity by the Yang methodology for thgehd0
P2 oW == o | TP PPPPPPRPP 76
Figure 56. Major fan landforms where sediment profiles were calculated...............cccccceeeriinnen. 78
Figure 57. Cumulative sediment transport and change in slope comparisonxXddie Canyon for the
O[O T T g o To TN | =A< o | A 79
Figure 58. USLE/MUSLE SBASINS. .......cccoiiiiiiiiiiieee it e e s e e e e e 82
Figure 61. DepthVelocity flood danger levetlationship for childrenfrom USBR (1988)................ 86
Figure 62. Flooding hazards to children based on the-§6ar, 24hour FL&D results (entire focus
oL ) PP PP PP PPP T PPPPPPPPTPN 87

Figure 63. DepthVelocity flood danger level relationship for passenger vehicles, from USBR.(1888)
Figure 64. Flooding hazards to vehicles raster based on they®d®, 24hour FL&D results (entire

{0 1o U= 1LY | ISP EUUUUPPURRTRR 90
Figure 65. Hazardous wash crossings during a-{l€ar 24hour eVent............cccccvvvvvviriennrereeeeeeeeens.t 91
Figure 66. Hazardous wash crossings during a-i€8r 6hour event............cccceveeieiiiiiniiieec e 92
Figure 67. Hazardous wash crossings during /@&r 24hour eVent.........cccccccovveieiei e, 93
Figure 68. Summarized very high and high hazardous crossings across all.events.................... 94
Figure 69. DepthVelocity flood dangelevel relationship for structures built on foundations, from USBR
(G 212 TP PP OPPPRPPPPIN 95
Figure 610. Flooding hazards to buildings raster basedhe 100year, 24hour FL@D results (entire
FOCUS AIBA) .. ueiiiiieiiiieeeee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 97
Figure6-11. USBR building flooding hazard classification based on thgeEd024hour FLED results
(MAIK TWEIN GICA). ... . teeeeeeetieiiiteeteae e e s ettt e e e e s st te et e e e e e s seb b et e e e e e s sannbbe et e e e e e e e sbbb et e e e e e e annbbbneeeeennanns 98
Figure 612. Building inundation assessment based on theyié¥r, 24hour FLO2D results (Mark Twain
=TT ) TP PO PP PPPPTTOPPPPPPPT 100
Figure 71. Development process for the regional flood mitigation alternatives for the Dayton Valley
ADMP...c ekt e e R R e e oo e R b et e e e R b et e e e b b e e e e e nn e e e e e areeeeaas 103
Figure 72. MiItIQation SYSTEMIS. ....c.coiiiiiiiiiiee ettt e e e e e s s e e e e e s s nnbreeeeeeeeaaa 106
Figure 73. Proposed mitigation structures with 3D terraif...........cceeeeeeeeeieeee e 107
Figure 74. |deriified areas of offsite impacts to the Cardelli DIitCh..............cccouiiiiiriiiiiiiiiieees 109
Figure 75. Example 15% design plan SHEEL.........coo i 111



FINALDRAFT

Figure #6. Impacts of th&ix Mile Canyon 2@ear basin alternative...............ccccccvvvvvvievinveeeeeeeneen. 114
Figure 81. Mitigation AltENALIVE IMPACT BrEaS. .........ccuvriiiieee it 116
Figure 82. FPXSEC locations fiata in Tables-8 and 84............cccccceeveeieei e, 122
Figure 83. Plot to aid in visually comparing multiple benefit statistics.................cooeeeeecciinnnnns 124
List of Tables

Table 1. Communities Within the StUAY Aarea.............coeeiiiiiiiieiee e 1
Table 22. Collected subdivisSion draige rEPOIS..........ccceiieciiiiirriiiiiir e e e erereaaaaaeaaaaaaaaeas 3
Table 13. HOOd INSUIANCE STUGIES. ... ...uuiiiiiiiiiiiii ettt r e eeeeeeeees 4
Table 4. FEMA flood zones within the StUudy ara............ccccocciiiiiiiiiiieeeeeee e e e 4
Table 31. FLG2D model domain areas and number of ggldments..........ccccccvvvviiiiii . 17
Table 32. LIDAR flight parameters, reproduced from DAS (20180)........ccooviiiiiiiiiiiiiiiiiiiieeeenis 18
Table 33. Maximum NOAAL14 point rainfall estimat@sifiches) by recurrence interval and model

o o 0 = V1 o TSP 22
Table 34. Runoff curve numbers for arid and semiarid rangelands, from NRCS (2004).............. 25
Table 35. Final runoff curve numbers used in the RAIDmModeling.............cccocceiiiiiiiiiiiiiiniieeeeeee, 25
Table 36.{ dzNF I OS Ot F aaAFTFAOlIGA2Y | V.R.O2ZNNBALRY.RR¥3I al yy
Table3r @ Cdzf f Ff2¢ G@SNEdza a5 ¢-20mbdéifg. LIALIS....OL.LL.OA (& dza$s
Table 38. Peak flow and volume results from the F2IDfloodplain crossections.............ccccvvveee... 34
Table 39. Comparison with 100ear USGS regression €qUALION...........c.uuierrrirreeeeiniiieeeeeeeeninens 48
Table 310. HEERAS comparison With FIZD..............ccceeiiiiiii e 55
Table 51. Major characteristics of the sediment iretlwithin the lower watershed........................... 12
Table 52. Comparison of sediment transport (Yang) and sediment yield (MUSLES.................... 81
Table 53. Sediment deSIgN VOIUMES ... ...uuuiiiiiiiiiieieeeee ettt reeeeaes 84
Table 61. Buildings flooding hazard classification results (base conditions)..............ccccvvvveeeninnnes 96
Table 62. Buildings that are impacted by various depths (base conditions)............cccvvveeeeeeeeneen.. 99
Table 63. Summary of flood damagsstimates (base COMMlONS).............evveeeiiiiiiiiiie e 102
Table 71. Summary of design characteristics for the regional basins..........cccccccevvviiiiiieeneeennn. 104
Table 72. Mitigation system NOMENCIAIUIE..............cooeiiiiiii e 105
Table 73. Summary of depth analyses for the two proposed conditions scenarias................... 112
Table 74. Sumary of flood damage estimatesd potential benefit for the two proposed conditions
LS =] = 1[0 13RO 112
Table 81. Relative benefit cCOMPBON DY SYSIEM.......ooiiiiiiii e 117
Table 82. Comparison of buildings removed from flooding hazards..................cccoeeeiiiiiciiinnns 118
Table 83. Design storm volume reduction benefit COmpariSQn............c.evveeeiiiiiieiieee e, 119
Table 84. Design storm peak flow reduction benefit comparison................ccooecvceciiiiiiniinnee, 120
Table 85. Acreage removed from the flooding hazard.................oooe e 121
Tabk 86. Intial prioritization and design level matrix for all ADMP alternatives........................ 124
Table 87. Initial prioritization and design level matrix for the Mark Twain System...................... 125
Table 88. Potential grant fUNAiNG SOUICES..........uuuuiiiiiiiiiiiiiie et e e e e e e e e e e e e e e e e e e e e e e e e aaeaaaaannnes 126



FINALDRAFT

Appendices

Appendix A¢ JE Fuller Hydrology Memorandydated August 14, 2018

Appendix B¢ Digital Aerial 8lutions, LLC LIiDAR Reports

Appendix C¢ Digital Data Submittal

AppendixD ¢ Concept Design Sheets, Construction Cost Estimates, aA@yldiie Cost Estimates

Vi



FINALDRAFT

1 INTRODUCTION

1.1 PROJECRURPOSE

The Dayton Valley Area Drainage Master Plan (DVABsE)levelopedo meetthree primary

objectives: Frst ¢ evaluate and identify flooding and sedimentation hazards within the project area by
the implementation of a work plan which includes data coltattireview of previous studies,

information gathering from publicgencies and local residents, hydrglc and hydraulic modeling,
geomorphic assessments, and field surveys. SecGaledelop a series of alternatives to either partially
or wholly mitigatethe hazards identified in the first objective. Thggrovide st&eholder coordination
and public otreach of the project through a series of public meetings to inform of the existing hazards
and to present the mitigation alternatives.

Each major taskf the project is presented herein with a description of the techhapproach, analysis
results, inerpretation 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 tiségdeof potential future drainage
infrastructure and flood mitigatin measures that are appropriaterfthe physical environment for both
existing and future development.

1.2 PROJECIOCATION

The DVADMP study are&6i8 square mileand is located on the southeastern slopes of Yigina and
Flowery Rangg approximatelyl5 miles east of Carson C{figurel-1). Most of thestudy aresspans
Lyon and Storey Counties, with a small portion of the uppatershed extending into Washoe County.
The percenstudyarea by county isStoreyCounty(60%9, LyonCounty(38%9, andWashoe Conty (2%9.
Theprimary focus area of the DVADMP is theer watershedarea downstreanof the mountains, also
shown onFigurel-1.

There areseveralunincorporated communities within the studyreawhich arelisted inTablel-1 and
shown inFigurel-1.

Tablel-1. Communities within the study area

Unincorporated Community County
Virginia CityfCaunty Seat) Storey
Gold Hill Storey

Dayton Lyon

Silver City Lyon

Dayton Valley Area Drainage Master PI
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1.3 PREVIOUSIUDIES

An early phase of the study included research and collection of prevepastsand studiegelevant to
the ADMParea. These included drainage reports for local subdivisiioed insurance studies (BIS
and geologic reports A summary of the different types of reports are summarized in the following
sections.

1.3.1 Subdivision Drainadeeports

Several drainage reportsid drainage studies were collectdtbm the county agencies and included
information that wasuseddirectlyin the development of the existing conditiohgdraulicmodel

(Section3). The docments provided information on thetation and desigifior drainage facilities

within the individual subdivisionsAll the collected drainage reports are included in the digital appendix
(AppendixC). Tablel-2 lists the collectd documents.

Tablel-2. Collected subdivision drainage reports

Author Date Subdivision

Drainage Repodand Drainage Studies

Revised Final Drainage
Study for Riverpark Dune
Il

Final Drainage Analysis
for Traditions Phase 1, Capital Engineering September 2005 Traditions Phase 1
Unit 1, 2, 3 Revision
Final Hydrologic Drainags
Study for Riverpark Phas
3, Units 1618 Residential
Developnent

Technical Drainage Study
for the Gold Country
Estates Tentative Lumos & Associates, Ing October 2016 Gold Country Estates
Subdivisiorg Map Phase
2A

TEC Civil Engineering

Consultants August 2005 Riverpark Dnes |I

Manhard Consulting June 2016 Rwverpark Phase 3

1.3.2 Flood Insurance Stigb

Federal Emergency Managent Agency (FEMAJood Insurance 8tlies (FIS) for Lyon and Storey
Counties were collected and reviewédt historicalflooding records andegulatorydischarge estimates

for watercourses in the study ared ablel-3 lists thecollected studies and derivadformation.

Although the goal of thisstudyys2 i G2 aYI G OKé¢ GKS CL{ RA&AOKI NHBS
level comparison for the hydraulic model resyéee Sectiol3.4 Theconsistency of discharges betere
years inTablel-3 suggests that there has been no revisioritie hydrology for FEMA regulatory studies
since at least 1998.

Dayton Valley Area Drainage Master PI

(V)
QX
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Tablel-3. FloodInsurance Studies

100-year
Discharge

DVADMP

StudyDate Discharge Discharge

10-year

50-year

Watercourses (cfs) (cfs) (cfs)
July 1993 Storey No - ' _
ey 1998 | Lyon G e Ty 1204 5792
Feay 2000 byon |G 204 5792
January2009 | Lyon |G 1264 762
JENUE 20T (curresnttoer(:f)éctive) No ) i i
JEUER) 20D (currer|1_tyeof?ective) Si?(l?w?l::cr:]zg;oireel 11&120 i;gg gigg

1.3.2.1 Effective FEMA Floodplain Mapping

As of the date of this studgix Mie Canyam, Gold Canyon Cregknd theCason Riveare the only
watercourses in the study area with FEMA regulatory floodplékiitgirel-2). Tablel-4 lists the
descriptions for each flood zone withihe study area Like FIS data, FEM@addplain mapping provides
a baselevel comparison of flood ridbr the hydraulic modeling results from this study.

Tablel-4. FEMA flood zones within the study area

Rewrrence

Flood Zone
Interval

Definition

Flooding Type

A No base flood elevation is provided | Riverine 1% chance
AE Base flood elevatio(BFE)s provided | Riverine 1% chance
AE with Floodway| BFE and Floodway is provided Riverine 1% chance
AO 1,4 Depth 1foot, 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, Veloty 8 feet/second Alluvial Fan 1% chance
X Flooding outside the SFHA Riverine Alluvial Fan| 0.2% chance

Dayton Valley Area Drainage Master PI
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1.3.3 U.S. Army Corps of Emgers Alluvial Fan Mapping

In Decemier 2017 the U.S. Army Corps of Engineers (USACE), Sacramento District, published a study
titled Alluvial Fan Mapping for the Carson Rivat®#vshed MethodologyFloyd, 2017) which included

the DVADMP study area. Therpose of the mapping study was to sty the relative risk of alluvial

fan landforms within the Carson River Watershédluvial fan landforms were identified and assigned a
risk ranking based on the followingtegories

X Appearance of active or inacév
X Existence of disturbances
X Presencef infrastructure

Within each category, a series of risk factors were exachirfeor example, the Active/lnactive category
included four rgk factors:

Soil Development
Alluvium

Unconfined Flow
0 Incised Channels

O O O

The risifactors were assigned a relative se@nd summed to derive an overall hazard ranking by
watershed. Figurel-3 from the report depicts the distribution of relative risk rankings by watershed.
Figurel-4 shows the identified alluvial fanddforms within the DVADMP study area and their assigned
risk.

Dayton Valley Area Drainage Master Pln
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Figurel-3. Distribution of relative riskankings by watershedrom Floyd2017)
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Figurel-4. USACE alluvial fan risk ranking
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1.4 HSTORICALOWPATHASSESSMENT

Understanding the historical evolution of a geomorphic system is critical to understanding pdzgent
processes and predicting future trends. Natuggdtems can take hundreds of thousard years to

develop, and their morphology is a direct reflectiminthis longdevelopment 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 wiltend 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 withe goal that understanding the natairflowpaths will aid in
understanding the current flooding pattesrand potential future flooding trends.

1.4.1 Aerial Photography

Historical aerial photography from 1948 (earliest year available) was collected andestified using
ArcGIS software toolsThe natural flow paths for the project watercourses were identfend
delineated from the photographyFigurel-5 showsthe 1948 aerial photographgnd Figurel-6 the
modern aeriaphotography(2017) for the ADMP focus areal'he 1948 photographs pr@ate much of
the developmentwithin the focus areaand shovg the landforms in gmostly) natural conditon. The
locations of themainflowpaths for the major drainagehannels were interpreted and delintal from
the 1948 photographt compare with the presentlay locationgFigurel-7). The figure indicates that
many of the main flowpaths have remained stable over the gasgears. A fewdwpaths have
experienced significardhanges due to development and channelizati®ix MileCanyon has shifted
over 1,000 feeto the east since 1948. The flowpaths in the undeveloped portions of the eastern
project area have remainegtlativelystablesince 1948.

1.4.2 Summary

The most sigficant changes in flow path alignment since 1948 have occurred due to manchadeel
realignmens. Both the historical and modern aerial photography indicate evidence of distributary and
active alluvial fan drainageafternsthroughout theproject focusarea, but many of the main drainage
channels have remained laterally stable &b least the past 70 years. This suggests that theag not
havebeen a flood event of sufficient magnitudace at least 1948 causemajor channel avulsions.
The major vatercourses were investigated during the field verification phase of the ABiMRvere not
found to be incised or laterally confinedthin the lower project focus area. In other words there are
no physical constrainthat should have prevented historikenannel avulsions since 1948, which
FdzNI KSNJ &4 dz33Sa i a afiosd-event ivith SUNfiBientieheigy t@ cause nsajdr channel
avulsion.
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Figurel-5. 1948 aerial photography
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[_] ovADMP Focus Area

Figurel-6. 2017 aerial photography
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Figurel-7. Main flowpath comparison (1948)17)
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2 PEDMONTANDFORMS

A piedmont is droad, gentlysloping and low relief plain locatdibtween mountain ranges and axial
drainagesand are part of an erosiedepositional system where sediment eroded from mountains is
transported by a stream across the piedmont to a valley where it is delsir to anaxial stream

where it is transporteaut 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 sfzes adjacentd the mountains and alluvial plaing 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 mamnmets consisof alluvial

plains, lowrelief aprors d mostly finegrained deposits with small, discontinuous channel networks.
Many piedmonts are formed by the lateral coalescence of separate alluvial fans into a landform called a
bajada.

Piedmontsoften have area®f tributary stream channels and digiutary streamchannels.Floodwater
enters the piedmont in channels from the tributary mountain streams and as overland flow along the
mountain frontand from rainfall directly on the piedmont surface.

Active alluval fanlandformsfunction primarily & bci 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. Muahthe depodied sediment on active alluvial fagan

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 alluviatianhs is
paths offlow on active alluvial fans can algegradually or suddenhagulsion) 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 H.OWPATHWINCERTAINTY

Anavulsion is the process by which flisdiverted 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 abdanment of theprevious channel (Field, 2001; Bryah 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 tcmowagur on

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

¢tKS 200dzNNByOS 2F | @dzf aA2ya Aa oKFEG YH1Sa Fy |t dz
ability to distribute water and sediment over the surface of the landform, which resutteeiradial

GFl yé &Kl Lafuénce fidatrhaiakdd ¢hdalluvial 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 shalloflow) may in a subsequent flood b®oethe 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 onlydefingp

two-dimensional flow and/or nomal riverine hydraulic ad 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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Uncertainand changing flowpath locations, dogand between floods

Camtinually changing channel and overbank flowpath topography

Inundation and/or sedimentation hazards in previouslyflooded areas

Uncertain and changing flow rate distribution for areas dowaaitn of avulsions
Uncertain and changgwatershed boundariesof areas downstream of avulsions
Aggrading, net depositional land surfaces and channels with diminishing capacity
Unsteady, rapidivaried flow conditions

High rates of infiltration and flow ahuation across the fan surface

X X X X X X X X

As dscussed previously in Siéen 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 uncertadntjitions. The
flowpath uncertainty isuewas 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 @awf the channel avulsion can vargin 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 caussuttieg

abrupt change in channel pdisin is something that is generally unpredictable and uncertain. The
flowpath uncertainty analysis methodology addresses the channel avulsion potential element of the
hazard analysisFlowpath uncertainty modeling ve@onducted for this study to accoufur the

potential hazards and is discussed in detail in Seaion
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3 HYDROLOGIC ANYDRAULIMIODELING

3.1 METHOIRDESCRIPTION

Sincethere are two jurisdictions (Storey and Lyon Counties) withndtudy area, multiple drainage
guidelines were reviewed to ensure consistency in modeling methods and usability footimies
Some of the reviewed documents included:

1) Drainage Guidelinefor Lyon County (2006),

2) Nevada Department of Transportation®®T) 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 M&QLE3).

6) National Oceanic and Atmospheric Administrat{plfDAA Atlas 14 Precipitation Frequency
Edimate 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 infiltratiorfor the DVADMPare as follows

x Infiltration wassimulatedusingrunoff cune number (CN) methodology per the Lyon County
Drainage Guidelines

X Rainfalldepths werebased on the NOAA Atlas 14 (NOAA14) precipitation estimates.

X The emporal distribution of the éour stormswasbased on the bianced mass curve, while
the 24hour stormswere based on the NDOT GLE mass curve.

Allmodeling, bothhydrologic anchydraulic was done using thELG2D Prosoftware! packageBuild

No. 16.06.16 with an executable dated February 28, 20t¥s versia has been used for multiple area
drainage master studies and has functioned adequat&izG2D wasselected for theDVADMP due to
the following:1) to maintain method consistenayith other ADMPand drainage studies in the area
(Manhard, 2012; JEuller,2018) 2) to streamlinemodel develpment since there are many small
subbasins that wouldequire individual analysi§a lumped parameter modekuch as HEHMSwere
used and 3) FL@D is a combined rainfallinoff model (i.e., both hydrologic and hydic processe
are simulatedvithin the model).

3.2 MODEIDEVELOPMENT

3.2.1 Spatial Reference System

All data that was generateidr the DVADMP used the horizontal controltbe Nevada Coordinate
System, West Zone, NAD8&®ile the vertical datumwasthe North Anerican Vertical Datum of 1988
(NAVD 8). The units of measurement wetg.S. Surveyeet.

3.2.2 Model Domains
The boundaries of the modeling domains are showfijgure3-1. The upper watershed areas (Gold
Canyon and Upper Watershed®re modeled to provide inflow hydgvaphs to the detailed modeling

1 https:// www.flo-2d.com/
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identification and mitigation alternative development.

Since FL@D is a combined rainfalinoff model, offsite modelingvas completed using less detailed
(by suface classification and culvert/storm drain modeling) models, with inflow hydrographs from these
upstream FLED models being transferred to the upstream boundary of the detailedZEL@odel.

3.2.3 Grid Size

TheDaytonValleywatersheds contain many smaltainage featureshat need to be adequately

captured in the model to provide the most accurate results. Some of these features include small 18
inchstorm drains and minodrainage ditches. A higlesolution, B-foot grid-sizewas selected to

provide the necessary detail to model these features while mainiiag reasonable model run times
based on theoverallsize of the modeling domainghedomain area and theaumber of grid cells in

each model are shown ifiable3-1.

Table3-1. FLO2D nodel domairareas and number of grillements

Model DomainArea Number of Grid
Domain (sg. miles) Elements
Upper 33.2 4,108,472
Lower 21.2 2,625,748
Gold Canyon 15.8 1,956,869

3.2.4 GridElenent Elevations
The limits of all the topographic mapping sources used in theZEL Modeling are shown in relation to
the model domains aBigure3-2. There were three mapping saas:

x USGS QLLIDAR
x USGS QL2 LiDAR
x NEXTMAP-Beter DTM

All three mapping sources are discussed in detail below.

3.24.1 USGS LIDAR

As a part of the 3D Elevation Progfamie USGS collectdigh resolution LIDAR data farlarge portion

of Carson City an@/ashoe, Storey, anldyon counties in Nevadhrough a cotract with Digital Aerial
Solutions LLAQDAS ¢ ContractNumber. G16PC00044This data was collected at two specifications,
QL1 and QL2. The flight parametarsl point densitieor both datasetsarelistedin Table3-2. LiDR
collection began on September 19, 2017 and was completed on October 27(28%$2018b) The
original LIDAR data was collectediwglevations in meters, a horizontal spatial reference of UTM Zone
11 N, Meters, NA8B, and a vertical spatial refereno€NAVD 88.TheDASLIDAR repod areincluded

in AppendixB.

2 https://www.usgs.gov/coresciencesystemshgp/3dep
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Parameter aL1 QL2
Flying Height Above Ground Level: 8,609 feet 9,072 feet
Nominal Sidelap: 60% 30%
Nominal Speed Over Ground: 155 Knots 155 Knots
Field of View: 15° 24°
Laser Rate: 220.2 kHz 206.2 kHz
Scan Rate: 65.2 Hz 49.2 Hz
Maximum Cross Track Spacing: 1.22 meters 1.62 meters
Maximum Along Track Spacing: 0.61 meters 0.81 meters
Average point Spacing: 0.50 meters 0.67 meters

3.2.4.2 NEXTMAP Data

Approximately0.56square niles ofthe lower watershed (outsidef the DVADMP focus argavas not
included in theUSG%.iDARmapping area.Topographic datéDTM) was purchased fromtermap’ for
the 0.56 square mile gap ared his DTMproduct feferred to as NEXTMPhas a Bmeter resolution
with elevationvaluesin meters, a horizontal spatial reference GIC3North American1983 and a
vertical spatial reference of NAVD 8&itial FL&D results from theNEXTMAP data were reasonable
and compared well with observed flow patteras aerial photography.

3.2.4.3 Combined FL-@DData

Since he LIDAR andBXMAP data werdoth in metersand in a different horizontal coordinate system
than the DVADMPhe data was first converted to feandthe Nevada Coordinate System, West Zone,
NAD83andcombined into a singleaster. Thissingle raster had a grid resolution offéot to maintain
accuray of the LIDAR data even though the NEXTMAPHesta@ courseresolution. Thishigh

resolution rastemwasresampled taa 15-foot grid raster that reflets the average grid elevations thatea
used in the actual FI1-2D modes$. The three topographic sooes and their relation to the FEZD

model domains are shown Figure3-2.

8 http:/fwww.intermap.com/
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Figure3-2. Limits oftopographic mapmg data
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3.2.5 Model InflowOutflow

In general, atflow nodes were placed along the emiboundary of the model domairte let water
free-flow out of thedomain Howeverthe FLE2D inflow/outflow routine was used to autoatically
transfer flov between theUpper watershed to theL.ower 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 lomerodel. These inflowodesare symbdizedin
orangealong the boundaries of these two modelsHigure3-3.

Since the Gold Canyon watershed was added after the grid layout for the dpgérower models/as
finalized, the automadd inflow/outflow routine was not us& and themodel boundary was developed
to allow for some overlap between the Gold Canyon and Lower model$-igee3-3). For Gold
Canyon, outflow nodes wergaced along the outer boundargnd a floodplain crossection wagplaced
in a confined section of the Gold Canyon creek. The hydrograph from thissexigm was then
supplied as an inflow hydrograph to the Lower model, which is symbolized as ia Bigurie3-3.
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Figure3-3. Hydrograph flow transfer between F20 models
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3.2.6 Precipitation Development
As a part othe DVADMP, three design storms were simulated

X 25year, 24hour
X 100year, 24 hour
X 100year, 6hour

The 24hour durations were chosethS 02y aAaiSyid ¢AGK G4KS /2dzyiixsSaQ R
6-hour duration was chosebecause this higher inteitg duration usually results in higher peak flow
estimates for smaller (i.e., < 20 square milesginkge areas.

3.2.6.1 Precipitation Depths

NOAA Atlas 14 (NOAAl1g)ecipitationdepth estimates were downloaded from theational Weather
Service (NWS) website (28) as raster imagethenused to apply the spatially varied rainfall estimate
for each grid elemet in the model This means that thpoint statistics are used at each grid cell in the
FLG2D model, which is different than the typical centrdidsed preipitation estimates that are used in
lumped parameter (e.g.HEGHMSor HEEL) modeling. Point rimfall statisticavere selected becae:

1) Using point rainfall has been the general procedimeother ADMP studies in the southwest
2) Using mint statisticsresults in reasonable but conservative flow estimates.

The maximum rainfall point values for éasubmodel are shown ifiable3-3.

Table3-3. Maximum NOAA14 point rainfall estimates (in inches) by recurrence interval and model domain

Model Storm Event
Domain 25Y24H| 100Y6H| 100Y24H
Upper 3.595 2.225 4.607
Lower 2520 1.848 3.214
Gold Gnyon | 3.527 2.212 4.516

3.2.6.2 Hyetographs

Due to the large increada precipitation depth that occureshen the duration increasesom 6 to 24

hours (seeTable3-3), thecbalancedd (i 2 N ¢ K& S i 2 3 NpellDkothlpsbdiced pe&k flqw/ {
results that weresignificantly higher than thpeak flow estimates from the USGS regression equations
(discussedater in this document) Therefore, JEdonducteda preliminary invesgiation d hydrology
methods (see Appalix A), and it was determinduly the client teanthat the NDOT (2015) hyetograph
for this region should be used for the-Béur storms, whilethé& 6 I f  yOSR adG2N¥Y¢ KeSaz13
used for the énhour duration. The6-hour balanced storm was developedwHEGHMS version 4.2

using the frequency storm option (USACE, 2016a), while tHeo@dhyetograph was developed with

the NDOT calculation sprdsheet using the 90th percentile maximum intensity (fvdjn the Virgina
Creek HU@2 watershed Acompari®n of the final two temporal distributionghat were used in the
ADMPIis shown irFigure3-4.
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Figure3-4. Comparison of-Gand 24hour hyetograhs used in the DVADMP

3.2.7 Infiltration Development

As mentioned in Sectiod.1, the curve number methodology was used to calculate infiltration for this
study. Curve numbers were extracted from the NRCS National Engineerinlpétan(20@) which
relateshydrologicsail group(HSG and vegetation coverage typ@&dble3-4). The cover type selected
for the upper watershed and most of the Gold Canyoitenshed was Pinycjuniper, with desert shrub
selectedfor the lower watershed. The finalpmposite curve numbers selected for the FRD models
are listed inTable3-5.

Reasonable curve numbers were selected based oml@of the soils within the study area and an
adjustmentto account for surface imperviousnesf pavement.

TheSoil Survey Geographic (SSURGO)fdatathe National Resource Conservation SEr{NRCS) was
downloaded from the web soil survey (NRCS, 2a@n8)classified biASG Eigure3-5).
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Figure3-5. Hydrologic Soil Group (HSG) classification for soils Dayton Valley ADMP, from NRCS (2018)
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Table3-4. Runoff curve numbers for arid and dand rangelandsfrom NRC&004)

--------------------------------- Cover description === esemeseeeescmcmmmmm e e mem e == = = = Hydrologic soil group - - - - -
cover type hydrologic condition =’ AY B C
Herbaceous—mixture of grass, weeds and low-growing Poor 80 87 9
brush, with brush the minor element Fair 71 81 89
Good 62 74 85
Oak-aspen—mountain brush mixture of oak brush, aspen, Poor 66 T4 9
mountain mahogany, bitter brush, maple, and other brush Fair 48 57 63
Good 30 41 48
Pinyon-juniper—pinyon, juniper, or both; grass understory Poor 5 85 89
Fair B0
Good 41 61 71
Sage-grass—sage with an understory of grass Poor G7 S0 85
Fair 0
Good 35 47 55
Desert shrub—major plants include saltbush, greasewood, Poor 63 ' 85 83
creosotebush, blackbrush, bursage, paloverde, mesquite, Fair 55 2 81 86
and cactus Good 49 68 9 !

I Average runofl condition, and I, = 0.2s. For range in humid regions, use table 9-1.

2 Poor:  <30% ground cover (litter, grass, and brush overstory).
Fair:  30to 7T0% ground cover.
Good:  =T70% ground cover.

& Curve numbers for group A have been developed only for desert shrub.

Table3-5. Final runoff curve numbers used in #leé32Dmodeling

Hydrologic Curve
Soil Group Number
A 51
B 51
C 63
C/D 80
D 80
Pavement 99
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Figure3-6. Spatial distribution of curve numbers used in the-ED@nodeling
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3.2.8 GridElementRoughness-D vv]wRjlues)

TheFLan 5 Y2 RSt dzaSa alyyAy3aQa y @lFfdzS G2 SadAYlFridS NE
assgned an average n value based on timglerlying surface conditions. For this study, a detailed

surface feature classification was developed by refitémgl use data provided dyyon and Storey

Courtiesand adding more detail in areas where the delineasi were generalized. For examplegjon

areas of pavement (parking lots and roads) and wash corridors were delineatednotieding area

since thesdeatures are major conveyancet addition, the counties provided GIS data for building

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

structures that were built after the data was initially generated.

Table3-6 lists thesurface classificatioandits correspondin@ | y Y A yalu@sahatyivere used in this
analyss. Thespatial distribution of the surface classifion is shown inFigure3-7.

Table3-6 X "pCE ( 0 *°](] S8]}v v }EGnNYey JvP D vv]vP][
Classibaton | ManningsN
Upper Watershed 0.06
Lower Watershed 0.05
Turf 0.06
Pavement 0.02
Buildings 0.05
Washes 0.04
Water 0.04
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3.2.9 Model Control Parameters

CONT.DAT and TOLER.DAT contain numerical stability and simulation controls for2Benfrad|. The
CONT.DAT file controls simulation time, output report time interval, some numeadistatbts and moeil
switches, such asfiltration and rain. The total simulation time was set to 12 hours for ti®6r

storm, while the total simulation time was set to 30 hours for theh®dir simulations. These times were
sufficient to ensure the floodaewve has travelé through the entire sidy area.

LY GKS /hbe¢d5! ¢ FAESS GKS 3Ft20lf alyyAyaQa y gt dz
number (FROUDL) were the numerical controls that were used iDalyeon ValleyYADMP study. For
this study, these contrés were set to:

x AMANN= 0(depth integrated roughness is used with the SHALLOWN parameter)
X FROUDL 2.0 (Oftsite areas), 1.2 (detailed model area)
X SHALLOWN =0.1

For the limiting Froude number, a valuez®was usedn the offsite, upger watershed areadue to

the presene of mountainousandpiedmont areas where high flow velocities are possible since slopes
can be greater tha20%. In the detailed model area, the limiting Froude number was set to 1.2 to
account forthe general reductin in slope as compared to the uppeatersheds.

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
stahlity criteria (WAVEMAX), and CourdratedrichrLewy numerical stability parameter for floodplain

grid element flow exchange (COURANTFP). Fddalyeon Valleynodels, the settings applied were:

TOL = 0.004 feeti{e depth at which FLQD begins to routeldéw)

DEPTOL = 0 (not used, model uSagrant numbe as stability criteria)
WAVEMAX = 0 (not used, model uses Courant number as stability criteria)
COURANTFP = 0.6 (main stability criterion used by2B)LO

X X X X

These values have been used in similar studies;iwfielded reasonable results. Fbigproject, 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 withinthe FLG2D software.Please see thElO-2D Datanput Manual (FL&D Software, Inc.,
2016) and the FL.@D Reference Manual (FIZD Software, Inc., 2017) for moretdils on the
application of thigoutine and its associated modeling optianall structures(culverts and storm drains)
that were modeled & a part of this ADMRBre shown irFigure3-8. Lyon County and NDOT provided the
project team with culvert and storm drain database files which included the locanhdrsize othe
structures. JEF staff conductedlltiple 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 fielderificatiors did not match the database recordsjustments were made
to the models to be consistent with field observations.
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Figure3-8. Locations of all modeled hydraulic structures (storm draincaherts)
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