2021

Samish Indian Nation Haza
Mitigation Plan Update

Bridgeview Consulting, LLC

915 No. Laurel Lane | Tacoma, WA 98406 |
253.301.1330

1/1/2021







The Samish Indian Nation
HAZARD MITIGATION PLAN UPDATE

JANUARY 2021

Prepared for:
TheSamish Indian Nation
PO Box A7
Anacortes WA 98221

Prepared by:

Y

BRIDGEVIEW
CONSULTING






Samish Indian Nation
Hazard Mitigation Plan
TABLE OF CONTENTS

Chapter 5. Hazard Identification and Risk Assessment Methodology ............coeeeeieieiieen. 5-1
5.1 Hazard Identification and ProfileS............ooouiiiiiiieeeiiii e 5-1
5.2 Risk ASSeSSMERIOCES aNAT OIS . .......ciiiiiiiiiiiiieiiiiirer et e e e e e e e e e e e e e eeeeeeeeeeeeeeee e ennennnennnee 5-3
5.2.1 Calculated Priority Risk Index SCOMMNG CrEIIA. ........cceeieieeieee e eeee e 54
5.2.2 Hazus and GIS APPIICALIONS. ........uuuuiiiiiiieiiiiicee ettt rmnee e e e e e e e s s smene s annes 5-6
5.2.3 Probability of Occurrence and Return INTErVAIS............ceeviiiiiiiccc i 5-9
LS 0 T I3 11 7= 110 PSPPI 5-9
Chapter 6. DrOUGNT ... 6-1
6.1 General BaCKgrOUNG............ouviiiiiiiiiiiiiei ettt rnnne e e e e e e e eeeeeaeeees 6-1
LA o = V(o I o o) 11 =S 6-1
T O 4 (=1 =T g o N I oLt 4T o PP 6-1
6.2.2 PreVIOUS OCCUIEBNCES .....uuuutiteiiiaeeeeessimmnssssaitteeeeeeeeeeassasmnnsssasssbseseeeaeeessssassannsassssssseeeeeeens 6-2
0.2.3 SBVIITY. . eetiieeei ittt ettt e e e e e ettt e e e e e e amne e e e e b e e e e e e e e e e e annneaanne 6-7
LN e (=T U =T Ty A 6-11
6.3 Vulnerability ASSESSIMENL..........ccoi i e ee s 6-13
6.3.1 OVRIVIEW....eeeiiiiiie e e i ittt teet ettt e e e e e e e s s et bbbt e eneseee e e e e e e e s s nnbbbbe e e e s smnmseeeeeeeesaannsstnneeeeessnnmreesd 6-13
6.3.2 Impact on Life, Health, and Safety............ccoiiiiimmiieee e e 6-14
6.3.3 IMPACE ON PrOPEILY. ...t eeee e e et ettt e e e e e e e eebmmme e e seba e e e eaeeenes 6-15
6.3.4 Impact on Critical Facilities and INfraStrUBBU. ............oooiiiiiiiiiieeeiiieeee e 6-15
(R TR T [ 0T o= T Ao T =o' T 1Y 6-15
6.3.6 IMPACt ON ENVIFONMENL........uuiiiiiiiiie i iceee s mrne e e e e e e s e e n e e snnrreeees ] 6-16
6.3.7 Impact from Climate Change............cceviieiiiiiiimeiiiiiiiieiiee e sseeesssrrrreeee e e e e e snsneesnnes 6-16
6.4  FUture DevelOPMENTIBNGS. .......uiiiiiiiiiiiiiie ettt eeene e e e e e e e eeeene e 6-16
LT T £ 7= USSP 6-17
6.6  IMPACt ANORESUILS.......ccooiiiiiii 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 as 6-17
Chapter 7. BartnQUEaKE ... .. 7-1
7.1 General BaCKgrOUNG.........coiiiiiiiiiiiiieee et e e e eenr e e e e e e e e e aannes 7-1
7.1.1 Earthquake ClasSifiCatiOns...........c.uuuiiiiiiiii et emme e a e e e e e e s smmne e e e e nnnes 7-3
7.1.2 EffECt OF SOIl TYPES. . .uiiiiiiiiiiee it ree e s eeeas e e e e e e e e s s bt eeennnssseeeeeeeeeaaannes 7-8
7.1.3 Fault ClassifiCation..........cooiiiii e mmme e e et e e e e e e e 7-10
7.2 HAzZard Profile.......ccoo oot n e 7:10
A B = =] =TT I o Tox 11T o PSP PPPERPRR 7-10
7.2.2 PreViOUS OCUITEINCES......ccuuvveiieieeeeeeesimmeasassssssseeeeeaeeesssssmnnsssssssssssseeesessssssssnnnsssssssssseeeees oLl
B TS T= V=T 1Y OO PRSP POPPPPPPRPPPPPPRY L X
B I =0 [UT=T g [0 VPP PRSP PPRTTTRP 7-17
7.3 VUINErabilty ASSESSMENL.......uuuiiiiiiieeeiiiiiieeee ettt e e e e e e e e s eres e e eeeeeeeeaaannnnneennsnsseeeees 7-18
A T O Y= YT PSPPI 7-18
7.3.2 Impact on Life, Health, and Safety.............uuuiiie e 7-19
I I [ g o T Lot A 0T g g {0 01T Y 7-20
7.3.4 Impact on Critical Facilities and INfrastruCtUre..............ovvviveiiieeeiiccccee e, 7-21
7.3.5 IMPACE ON ECONOMIY .c.iiiiiiiiiiiiiiiiiiietiireee e e e e e e e e e e e e e e e e e e e e e e e aaaetseb bbb bae e mmme et e e e e e e e eeeeeees 7-23
7.3.6 IMPACt ON ENVIFONMENL........oiiiiiiiiiee i iccme e mr e e e e e e e e e e eas 7-23
7.3.7 Impact from Climate CRANGE. .........coeeiiiiiiiiieime e e e e e e e e ernenes 7-24
7.4  Future Development TrendS........ooiiiiiiiiiiieeeiiiieeee e e e e snennnne e eneeeeee oo ] =24
S T 1T LU UUUPTPPP 7-24




Samish Indian Nation Hazard Mitigation Plan Update

A T 11 0] oT= Tt =T o =TS U 7-25
(O F= o} 1T gt = T o Yo 1o PSS 8-1
8.1 General BaCKgrOUNG.........ooiii it ieee et e e e eeer e e e e e e e e e e e annes 81
70 I B (o To o [ g To T I/ = PP PP PPPPPPPPPPP 8-1
B.1.2 DAM FAIUIE........eiiiieiiiiee ettt ettt e e e e s e s e e e bbb e et e e e e e e e e e annsbannnne 8-2
8.1.3 Measuring Floods and FIOOAPIAINS..............ccuiiiiiiieeeiiiiee e 8-6
8.1.4 FloOd INSUraNCe RALE MaPS......cciiiiiiiiiiiiiiiieeeiiiiee et e e e e e s s eeesre e e e e e e e e e s s sbbbb e e ennsseeeeaeas 8-6
8.1.5 National Flood Insurance Program (IRIF............coouiiuuiimiiiiimeriieeee e eeeeeee e e e e 8-10
8.2 HAzZAI Profile.....ccc oot ere e 8:12
LS B =g = g 1= o 1 o o= 1 o o 8-12
8.2.2 PreViOUS OCCUIMENCES ... uuutiiiiieeeeiiiiitiraeiiiteeeeeeeeeeeaaaassbbbnnassbbeeeeeaeeeessaassbsssannnssseseeeaeeeeens 8-16
e TS 1=V =T 11 Y/ PEERRRR 8-17
N =T |1 1] [V 8-18
8.3 Vulnerability ASSESSIMENL.........ccci i 8-19
B.3.1 OVBIVIEW....eiiiieeeiiiiiitiet et eeeeee et e e e e e e e sttt et e e eet et e e e e e e e s s n bbb be et e e e s emmteeaaeeeeeannssbbeneeeeesemmmeee s 8-19
8.3.2 Impact on Life, Health, and Safely.............ooiiiiiiiiiieeeieec e 8:19
Lo TG T 0 ] o = (o o o T 0] 0= /OSSPSR 8-20
8.3.4 Impact on Critical Facilities and INfraBliture.............cccvviiiiiiiiieeseeeeee e 8-20
LG T 0 4] o = Tox o o T =T oo ) T o 1 Y 8-21
8.3.6 IMPACT ON ENVIFONMEILL......eiiiiiiiiiii ittt ieee ettt e e e e e e renr e e e e e e e e s st e e s eners e e e e eeeeeas 821
8.3.7 Impact from CliMate CRANQE........cooiiiiiiiiiiiiieeeiiee e erenre e e e e e e eb e enereees 8-22
8.4 Future DeVvelopmMENt TrENAS. .. .coii ittt rre e e e e e e e e e e e e e e e e e e e e e emensaneens 8-23
S TR T £ 1T U LSS 8-23
8.6 IMPACt ANORESUILS.......ccoi i e e e e e e e e e e e e e e e e e e e e e 8-23
Chapter 9. LandSlide . ... 9-1
9.1 General BaCKGrOUNG.........ooiiiiiiiiiii e eeei e e e e e e enemr e e e e e e e e e e aannes 9-1
LS I o = V= (o I o o) 11 =S 9-6
LI B =] =T g Vo I o Tox 11T o P PPERRRRN 9-6
0.2.2 PreViOUS OCCUIEICES .. .uuueeieeeseasseessssmteeeeeeeeeeeeaesssessessstnnnaessaaaaaasaaaeaaaeeeeeesanmssssssnssnnnnnnnns 9-8
0.2, 1 SBVEIIEY. .ot eeieee ettt ettt e e e e ettt e e e e e e amne e e e a et e e e e e e e e s annne s e 9-9
N o =To (1T o [0 Y PP PUPPPPRTTTRRP 9-10
9.3 Vulnerability ASSESSIMENL.........cccoiiiiii e e e e e e s 9-12
0.3, T OVEIVIBW....eeeeiiiiee et et ettt teeete ettt e e e e e e e e et tte e e s amaseeeeeaeeeeaaassasbeeeeesammmseeeaeeeessassssnneeeeesammreens 9-12
9.3.2 Impact on Life, Health, and Safely...........uuiii e 9-13
0.3.3 IMPACT ONPTOPEITY .. eeetteie e e ettt et e e et ettt e e e e e amee e e e e e eeettba e e e eeeeeessbmmmeeesbbna e eeeaaeenes 9-14
9.3.4 Impact on Critical Facilities and INfrastrUCIULE...........c.ovevvieeiiieeeeeeceeeee e 9-14
L TR T [ 0T o= T Ao 1 I =o' T 1Y 9-15
9.3.6 IMPACt ON ENVIFONMEIL........uiiiiiiiiie e ieee s e e e enns e e e e e e e e e e nnessnnnreeeeeas 9-15
9.3.7 Impact from Climate CRANGE...........uuiiiiiiiiiiieeee e rer e e e e e e neenae 9-16
9.4  Future DevelOPMENT TTEIS.........couiii ittt eee e eeeee e e e e e e eeene s 9-16
1S IR T E 1] LTSRS 9-16
9.6 IMPACt ANORESUILS.... ..o et e e e et e e e e e e eeena e e e e e e as 9-17
Chapter 10. Severe Weather ... ... e 10-1
10.1 General BaCKGrOUNG..............uuiiiiiiiii ettt ettt e e e e s s e e e e e e 101
10.1.1 SemiPermanent Highand Lov-Pressure Areas Over the North Pacific Ocean.......... 101
10.1.2 B 0T T =TS o] g =R PS 102
10.1.3 DamMAaging WINGAS ...ttt e e e e e e e rmmne e 104
10.1.4 [ = TS (0 0 3P 107
10.1.5 (o= Vg o B0 [0 1A o] 1 107




TABLE OF CONTENTS

10.1.6 EXIremME TeMPEIATUIES ... .coieeeiii et eeeee ettt e e e e er b e e emee e 108
10.1.7 10 1 = T [T 1012
10.2 HAZAId Profil@.......ceeeiiiiiieiiiiiiiiimeee ettt eeeee oo e e e e e e e e e e e e e e e eeeeeees 1015
10.2.1 EXTENT QN0 LOCALION.. .. ..eiiiiiiiiiiiiiiiiieeeiii ittt s s ettt e e e e e e e e s s bbb eennreeeeeeeas 10-15
10.2.2 PreVIOUS OCCUITENCES. .. uvviiiieieiiiiiiiiiiieeestteeeeeeeee e e s s st b besenenssseeeeeeeeeasansnnbbbeesannseeeees 10-16
10.2.3 Y=LY= 1S SSURR PP 10-20
10.2.4 [ (=T0 (U] o Tos YT PP P PP PUUPPPPPPTN 10-22
10.3 VUINErability ASSESSMENL......uuuuiiiiiiiiiiiiiiiiemer e e e e e e e e et e e et e e et e e e ere e e smmmr e e e e eees 10-22
10.3.1 (@Y= 1 SRRSO 10-22
10.3.2 Impact on Life, Health, and Safely...........ccooiiiiiiiieeeieece e 10-23
10.3.3 IMPACT ON PrOPEITY ... ettt ettt sr e e e e e e ee b s e e e e aeeeeeeeaaeenes 10-23
10.3.4 Impact on Critical Facilities and INfrastruCture..............vveeiiiecce e 10-24
10.3.5 [agToF= Yo Ao o I =T ] 0] 1 11T 10-24
10.3.6 IMPACE ON ENVIFONMENL......eiiiiiiiiiiiiiiiiiieeeiit et e e s nnesb e e e e e e e e s s s nnsnbssanenseees 10-25
10.3.7 Impact from Climate ChanQe.........cooiiiiiiiiiiii e 10-25
10.4 Future DevelopmeNnt TIENMS. ........uuiiiiiiieee e icee ettt ee e e e e e e neeenes 10-25
L0.5 ISSUEBS. ... ettt e ettt e et e ettt b e e enana e e e e et ettt b e e e e e eettnaneaaaeaes 10-26
10.6 IMPACE ANARESUILS......eiiiiiiiiiiiiiiiiiii e e e e e e e e e e e e e e e et e e e e eeee e rmmmr e e e e e eeseeeeeeees 10-26
(O g F= 1o} (=T g I =T T = o1 PP 11-1
11.1 General BaCKgrOUNG...........c.uuuiiiiiiiii ettt et e e e e s smme e e e e e 111
11.1.1 Phystal Characteristics GFSUNGIMIS. ..........oiiiiiiiiiiiiiiieeeeee e e e e e e ee e e e esemee e e e e e e snnnes 11-1
11.2 HAZAIA PrOfil...ccci ittt e e e e s e e e e e e e e e e as 113
11.2.1 (D<) 1A= g [0 [ o o (o SRR 11-3
11.2.2 PreVIOUS OCCUITENCES. .. eeviiiieeeeiiiiiiiteieesttteeeeeae e e s s s ssasbb e e anaseeeeeeeeeesssnnssseeeessnneeeeeeens 11-8
11.2.3 Y=LY= 1Y PRSPPI 119
11.2.4 FrEOUEBNCY. ... .ottt e e e e e e e e e e e e e nea s s e e e e e e e e e e e e e e e e eeas 11-10
11.3 VUulnerability ASSESSIMENL.........cciiiiiiiiiiiit ettt e e s rreer e e e e e e e s e e e e eeereeeaee s 11-11
11.3.1 OVBIVIBW. ...ttt e e e e e ettt eees et ettt e e e e e e et n et e et eeeeeeeeaansses e e s emmsseeeeeeaeeeeennnnnnees 11-11
11.3.2 Impact on Life, Health, and Safely.............coooriiiii e 11-17
11.3.3 IMPACT ON PrOPEITY....ceieeeiiiiiiii ettt s e et e e e e e e e emees e e e eeeenes 11-18
11.3.4 Impact on Critical Facilities and INfrasStruCture..............cevveeeiiiccceeee e 11-19
11.3.5 IMPACT ON ECONOIMY......oiiiiiiiiiie et eeeee et ettt e e e e e e eebb e e eeee e e e e e 11-20
11.3.6 IMPACE ON ENVIFONMENL......eiiiiiiiiiiiiiiiiieeei e ereese e e e e e e e e enenseees 11-21
11.3.7 Impact from Climate€Change TSaML.........cuiiiiiiiiiiiiiieeeiiee e e 11-21
11.4 Future Development TIENMAS........ooviiiiiiiiieeeeeeee ettt e e e e e ee e e e eeeraarsrrerrbnree e as 11-21
B T o] D[ PO UP PRSPPI 11-22
11.6 IMPACES ANARESUILS.......eeiiiieiiiititte ettt eeer et e e e e e e s bbbt eener e e e e e e e e e e annnes 11-22
ChaPTer 12, VOICANO ... 12-1
12.1 General BaCKgrOUNG...........c..uuiiiiiiiii ettt e e e e s smme e e e e nnneee s 121
12.2 HAZArd Profil@.......ceeieiiiiiiiiiiiiiiiieeee ettt eeeet e mmme e e e e e e e e e e e e e e e e e e e e eeees 12-2
12.2.1 [ =] 1= o [ o Tox 1 o USSR 12-2
12.2.2 e (oA (o TH IS @ oot B[ =T o] = PP 12-6
12.2.3 Yo =T 11 TSSO UUPPR PP 12-6
12.2.4 FrEOQUEINCY. ...ttt ereer e ettt e e e e e e e e e nnme e e e renn s e e eerennnes 1211
12.3 VUlnerability ASSESSIMENL.......cciiiiiiiiiiiii e ceeees e e s e e e e e e rrne e e e et e e e e e e e e eeean e rrrana s 12-11
12.3.1 L@ YT V=PSRN 12-11
12.3.2 Impact on Life, Health, and Safely..............coooiiiiii e 12-14
12.3.3 IMPACE ON PIOPITY ... e e ennee s 12-14
1234 Impact on Critical Facilities and INfrastruCture..............cvveiiiiecceiiieee e 12-15
12.3.5 IMPACT ON ECONOIMY......ciiiiiiiiiii et ieere et e et e e e e ee e emen e e e 12-15




Samish Indian Nation Hazard Mitigation Plan Update

12.3.6 IMPACE ON ENVIFONMENL......eiiiiiiiiiiiiiitiiieeeiii e e e s s neesb e e e e e e e e s s s snennbsanenseees 12-15
12.3.7 Impact from Climate Change.........cooiiiiiiiiiii e 12-15
12.4 Future DevelopmErEIENGS........cc.uuiiiiiiieeeee e icee et ee e e e e e e e e nnn e 12-16
125 ISSUBS. ..eutttuttittitiittiittt e et e et e et e e ettt ettt et ettt e eaaaa e e e oo ettt e et ettt et et teetteeettanann e e e e s 12-16
12.6 IMPACE ANORESUILS.....ceiiiiiiiiiiiiiiiiii i irrer e e e e e e e e e e e e e e e e et e e e e eeee e rmmmr e e e e e eeeeeeeeeees 12-16
Chapter 13. Hazard RaNKiNG .......cooooiiiiiii et e e e e e 13-1
=] (=T = ol = SR 1




TABLE OF CONTENTS

LIST OF TABLES
No. Title Page No.
Table 61 Drought OCCUITENGE...........iiiiieeeeeeee et eeeee e e e e e e s e e s e e e e e e e e e s emr e s aeeeaeeeseaesssrssrsssrrnneeeaaeeeaeesd 6-2
Table 62 Comparison of Impas of 1977 Drought to 2001 Drought..........cevveevieiiiiccceeeeeiieee 6-6
Table 71 Earthquake Magnitude ClaSSES...........uuuiiiiiiiiiicee e rmmee e e e 7-3
Table 72 Earthquake Magnitude and INtENSILY............covviiiiiiiieeeie e 7-4
Table #3 Comparison of Mercalli Scale and Peak Ground Acceleration...............cccccoceeeeeeeennn.. 7-8
Table 74 NEHRP Soil Classification SYSteM..........coooiiiiiiiiieeeieee e 7-9
Table 75 Historical Earthquakes Impacting The Planning Area........ccccccvvvvvveeeeeeeeeeeeen 0215
Table 81 Corps of Engineers Hazard Potential Classification................euvviicceeiiiiieeeeeeeeeee 8-5
Table 82 Flood Insurance Rate Map ZOMES.........ccoiiiiuuriiiieemiieeieeeee e s s eeesrs e e e e e e e e e 8:8
Table8-3 Estinated Probability of FIood EVENL............uuuiiiiiiiiimee e eeeeeeeses e 8-10
Table 101 Severe Weather Events Impacting Planning Area Since.1960...................cccccuvne. 1019
Table 111 Areas with Possible Inundation Depths of 2 Meters or Less...........cccccvvvveeeeieeeeeennn. 11-7
Table 112 Areas with Possible Inundation Depths of Greater than 2 Meters..............ccvveeeeeee 11-7
Table 121 Past Eruptions in WashingOL...........coooiiiiiii i ceeene e 126
Table 131 Calculated Priority Ranking SCOLES...........coiiiiiiiiii e 133
Table 132 HAazard RANKIQ. ........ccoiiiiiiiiiiie ettt e e emmt e e e e e s s e e e e e s smme e e e e e e e e nnnnes 133

LIST OF FIGURES

No. Title Page No.
Figure 61 Washington State Department of Ecology 2015 Drought Map..............ccccvveeeeeeeeeennl 6-5
Figure 62 Washington State Department of Ecology May 201uBt Declaration Areas............. 6-5
Figure 63 USGS Streamflow Comparison for Day of YEar.........ccccciiiiiiiiiiicciieeieeeeeeeeveeevevvveseens 6-6
Figure 64 July 2020 Drought MONIOK........ooiiiiiiiiieieeeeeeeee e eeeearee e rrrrnens 6-9
Figure 65 Palmer Drought Severity Index July 2020...........ccooiiiiiiiimmmiiiiiiieeeee e eeeeeeeee 6-10
Figure6-6 Crop MOISTUIE INAEX.......coiiiiiiiiiiii et e e e e s e e e 6-11
Figure 67 NOAA - US Seasonal Drought Outlook PrediClion.............cccuvvviiimmeeeeeeeeeeeeeeeeeeeee, 6:12
Figure 68 WA EMD Drought Risk INdeX (2GB)..........uueeiiieiiiiiiiiimemiiieeiee e nesesiee e 6-13
Figure 71 Earthquake Types in tliacific Northwest and Recurrence Intervals.................cccvvvieen. 7-2
Figure 72 USGS PGA for Washington Sta0@4).........cccooeeiiiiiieiiii i rreeee e 7-6
Figure 73 SeiSMIC DESIGN COUES....uuuuiiiiiiiiiiiiimmee ettt eee e e s e e e e e e s e e e s e e s smmmeaaeeeeens 7-7
Figure 74 NEHRP SO0ils ClasSifiCAtiONS. ........ccciiiiiiiiiiiieeeiiiii e eesi e e e e 7-9
Figure #5 WashingtorBtate Seismogenic Folds and Active Faults (2013 HMR)....................... 7-11
Figure 76 Devils Mountain M75 Fault Scenario Modified Mercalli Shaking Intensity................ 7-13
Figure 77 Liquefaction Susceptibility ZONES.........cccuuiiiiiiiii e 7-14
Figure7-8 PGA with 2Percent Probability of Exceedance in 50 Years, Northwest Region........7-17
Figure 79 Fault Lines Throughout Skagit County..................ooiiiiieeciiiicciccceses e eeeeeeennn =19
Figure 710 Hazus Census Tracks Identified for Study RegQiON............cccvvviiiieeciiiiieiee e 121
Figure 81 Flood Hazard Area Referred to as a Floodplain...........ccccoiiiiemnniiiiiiiiicee e 8-6
Figure 82 Special FIood Hazard AraL...........oooeiiiiiiiiiieeeieee e neea 8-7
Figure 83 Fidalgo Bay Resort High Tide FIOOAING............uuuiiiiiiiiiiineiee e 8-13
Figure 84 Potential Sea Level Risk pact in Planning Area............cccuvvvviiiiiieecee e 8:14
Figure 85 Skagit County 10§ear FIood Hazard Ar€a............cccoveiuuiiieemiiiiiiiieeeee e eesiveeeeee 8-15
Figure 86 Shallow Coastal FIoOdiNg.........coooiiiiiii i e e e e e e e e e e e e e e e e e e e eeeeeed 8-16
Figure 87 Impact to Fidalgo Bay Resort from 2012 Storm eVent..........ccccuvveevieeeeeeeeeeeesnsinne 8-17
Figure 88 USGS Stream Flow Data for yul7, 202Q...........cceeeeieeeeiiee e mmme e 8-18



file:///D:/Dropbox/Samish/Samish_Indian_Nation_HMP_Hazard_Profiles_09012020.docx%23_Toc49853009

Samish Indian Nation Hazard Mitigation Plan Update

Figure 91 Deep Seated SHAB.........uuiiiiiiiiiiiierre e eeee e e e e e e aeees 9-3
Figure 92 Shallow ColluVIal SHOE.........eeeiiiiiiiiii e eeenre s 9-3
Figure 93 BerTh SHAE.... ..ot e e e 9:3
Lo TSI = Ve 1= [T = UNS 9:3
Figure 95 Potential Erosion Hazard in Proximity to Samish Structures..........cccccevvvviveeeeeeeeeenenn. 9-5
Figure 96 Coastal Landforms and Feeder BIUffS.............oooiiiiiiiioc e 9-6
Figure 97 Historic Landslide and Unstable SIop Ar€as........ccooceiiiiiiiiiccceiieeeeeeeeeeeeeeevvevveeee e 9-7
Figure 98 Landslide Hazard AFEaS.......cccooeeiiiiiiii it eeeeeeeeeeeeetta st rree e e e e e e e e aaeaaaaaaaaeaeesannnranes 9-10
Figure 99 Cumulative Precipitation Threshald................oooiiiiiier e 9-11
Figure 910 Landsliddntensity Duration Threshold..............cccuiiiiiiieeei e 9-12
Figure 101 The Thunderstorm Life CYCIE.........uuiiiiiiiiiiiiiieiee e 10-2
Figure 102 Lightning Fatalities by LeiSure ACHVILIES...........cccuvriiiiiiiceeeeeeee e 104
Figure 163 Windstorm Tracks Impacting the Pacific NOrthwest..............cccevvvieeeiiieeee e 10-6
Figure 104 United States WiING ZONES..........covviiiiiiiiiiieeeie ettt e e e e e eeeevaaae e nees 107
Figure 105 Types Of PreCipitation............ccooo i meme e e e e e e e e e e e e e e e e e e e e e s aeeeaaanes 108
Figure 106 NWS WinNd CRill INGEX.........eiiiiiiiiiieiiit et se et e smmees 109
Figure 107 Heat StrESBIOEX ......uuiiiiiiiiiiiiiiie e ieeet ettt e et eeesr e e e e e e s e e eeesr e e e e eeeean 1011
Figure 108 Heat and Wind Chill Index for Clalten...........ccccoooeiiiiii i eeeeeeeeeee 1011
Figure 109 TOrNad0 RAINGS........uuuiriiieeiiiiiiireeaiiit e e e e e e s reeas b e e e e e e e s s s e anenssnseeeeeeens 1012
Figure 1010 Potential Impact and Damage from a TOrnado............ccoevriiiemmniniiiiiiiieeeee e 1013
Figure 1011 Tornado Risk Areas in the United States.............oooe it eee 10-14
Figure 1012 Average Number of Weather Related Fatalities in the.U.S............ccoooeiiicenee, 10-14
Figure 1013 Monthly Wird Speed in SKagit COUNLY..........cuiiiieiiiiiremriiiieie e e eeeseees 10-16
Figure 1014 Tornado History in Washington 132018..........cccccooiiiiiiiii i eeens 10-18
Figure 1015 Tornado VUINErability............uuuiiiiiiiiiiiimine e e 10-18
Figure 111 Physical @aracteristiCS Of WaVES...........c.uviiiiiiiiiiieeee et 112
Figure 112 Change in Wave Behavior with Reduced Water Depih............ccccoeeiviecceeeiiiiiiiinnen 112
Figure 123 Inundation Area Based on Washington Geological Survey Map Series (2018)....11-6
Figure 114 Tsunami Inundation Zones Impact to Samishi€&ditFacilities................cccccoeiivieeeeen. 11-8
Figure 115 Tsunami Travel Times in the Pacific OCEAN..............cvviiiiiiccceiiiiieeeee e 11-12
Figure 116 Travel Time out of Tsunami Hazard Zone in Minutes (WDNR, 2016)................... 11-14
Figure 117 Evacuation Routes and feeence Points (WADNR, 2019).................ccoiiiiieeeiinnnn, 11-15
Figure 118 DeepOcean Assessment and Reporting of Tsunamis System (DART)................ 11-16
Figure 129 WDNR Tsunami Inundation Area (WDNR, 2018)........ccccceeeiiiiiiiiiicceeeeeeeeeeeeeeeeeeeee 11-17
Figure 1210 Aerial Imagery of Tsunami Inundation Zones Building Impact..............cceeeeiveee. 11-19
Figure 121 VOICAN0 HAZANM. ...t rmmne e 12-2
Figure 122 Past Eruptions of Cascade VOICANDES............ccuuiiiiiieeeiiieie e 12-3
FIQUre 123 MOUNE BAKEL..........ceiiiiiiiiiiiiiiiiieee e e e et e e e e e e e e e e e e e e e e e eeeet et b e e bbb mmmeesaeeeeeeeeeeaeees 12-3
Figure 124 Glager Peak from the NOIMhEaSt...........cuuuiiiiiiiiieeeeieee e 12-5
Figure 125 Probability of Bphra Accumulation in Pacific Northwest...............cccvvviveeecieenneenn. 12-7
Figure 126 Defined Tephrdayers Associated with Historical Eruptians.....................coceeennnees 12-8
Figure 127 Volcano Hazard Zones From Mount Baker.................uuuiiiimreeieiiiieeeieeiieeeee e 129
Figure 128 Volcano Hazar@ones from Glacier Peak.............c.ocuvviiiicemniiiiic e 12-9
Figure12-9 Glacier Peak Volcano Hazard Ar a..............coovriiieeeeiiiiiiiee e 12-10
Figure 1210 Mount Baker Volcano Hazard Ara.............couveeeiiiiieeeeeiieeeeeeeeeee e 12-10
Figure 1211 MONItOrNG EQUIPIMENT.......uiiiiiiieiiiiiiiiieeeiiiie e e e s e ena b e e e e e e e e e s enebeesenenes 12-13
Figure 1212 Remote SeNSING DEVICES .......uuiiiiiiiiiiiiieeeiitiie et e e e e e e st sesebee e e e e e e e nnnees 12-13
Figure 131 CalculatedPriority RISK INAE@X........oiiiiiiiiiiieiieeeeeee e 132

Vi


file:///D:/Dropbox/Samish/Samish_Indian_Nation_HMP_Hazard_Profiles_09012020.docx%23_Toc49853036
file:///D:/Dropbox/Samish/Samish_Indian_Nation_HMP_Hazard_Profiles_09012020.docx%23_Toc49853041
file:///D:/Dropbox/Samish/Samish_Indian_Nation_HMP_Hazard_Profiles_09012020.docx%23_Toc49853043
file:///D:/Dropbox/Samish/Samish_Indian_Nation_HMP_Hazard_Profiles_09012020.docx%23_Toc49853046
file:///D:/Dropbox/Samish/Samish_Indian_Nation_HMP_Hazard_Profiles_09012020.docx%23_Toc49853054

CHAPTER 5.
HAZARD IDENTIFICATION AND RISK ASSESSMENT
METHODOLOGY

5.1 OVERIEW

The DMA requires measuring potential losses to critical facilities and property resulting froral natu
hazards. A hazard is an act or phenomenon that has the potential to produce harm or other undesirable
consequences to a person or thing. Natural hazami€xist with or without the presence of people and
land development. However, hazards can bearkated by societal behavior and practice, such as building

in a floodplain, along a sea cliff, or on an earthquake fault. Natural disasters are indvitethle,impacts

of natural hazards can, at a minimum, be mitigated or, in some instances, [reveinsdy.

It should be noted that occurring simultaneous with this plan development is the dO\RBndemic.
Response to the Pandemic did impact thiityalio develop this plan, with restrictions existing for
meeting/gathering attendance. As suunbre oneon-one telephonic meetings occurred, with the Samish
Project Manager holding additional meetings / information gathering sessionensideration ©
restrictionsestablished by thBamish IndiarNation with respect twork-athome orders, and tteosing

of facilities. The Samisprimarily relied on the use of the internet, email distribution listg, of itgpublic
relationsconsultantsand the ae-orrone meetings to capture and disburse relevant data.

The goal of the risk assessment is ¢ébetimine which hazards present the greatest risk and what areas are
the most vulnerable to hazardshe Samish Indian Natiois exposed to many natural antherhazards.

The risk assessment and vulnerability analysis helps identify where mitigationreseesuld reduce loss

of life or damage to property in the planning regiBach hazargpecificrisk assessment provislask-

based information to assist tNationin determining priorities for implementing mitigation measures.

The risk assessment appoh used for this plan entailed using geographic information system Kal&is
hazardmodeling softwareandhazardimpactdata to develop vulnerability models for people, structures
and critical facilities, and evaluating those vulnerabilities in @tatdo hazard profiles that model where
hazards exist. This approach is dependent on the detail and accuracy of tisedldtaall instances, this
assessment usbdstavailablescience and data to ensure the highest level of accuracy possible.

This riskassessment is broken down into three phases, as follows:

The first phase, hazard identification, involves the ideraifon of the geographic extent of a
hazard, its intensity, and its probability of occurrence (discussed below). This level of assessm
typically involves producing a map. The outputs from this phase can be used for land use planning,
management, and edelopment of regulatory authority; public awareness and education;
identifying areas which require further study; and identifying progs or structures appropriate

for mitigation efforts, such as acquisition or relocation.

The second phase, the vulnality assessment, combines the information from the hazard
identification with an inventory of the existing (or planned) propertypmlilation exposed to the
hazard. It then attempts to predict how different types of property and population groups will
impacted or affected by the hazard of concern. This step assists in justifying changes to building
codes or regulatory authoritproperty acquisition programs, such as those available through
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various granting opportunities; developing or modifyindiqgg@s concerning critical or essential
facilities, and public awareness and education.

The third phase, the risk analysis, involvesneating the damage, injuries, and costs likely to be
incurredin the geographic area of concern over a period of tirRésk has two measurable
components:

1. The magnitude of the harm that may result, defined thrthugkiulnerability assessment;
and
2. Thelikelihood or probability of harm occurring.

Utilizing those three phases of assessmafdrmation was developed which identifies thazard that
affect the planning area, the likely location of natural hazard impact, the severity of the impaatisprev
occurrences, and the probability of future hazardesv&hat data, once complete, is utilized to complete
the Risk Ranking process descritbedChapter B, which appliedo all of the data captude

Thefollowing is provided as the foundation foretetandardized risk terminologyilized in this effort

1 Hazard: Natural human causedr technologicalsource or cause of harm or damage,
demonstrated as actual (deterministic/historical events) or potential (probabilistic) events.

1 Risk: The potential foan unwanted outcome resultifrgm a hazard event, as determined by
its likelihood and associated consequences. For this plan,peksible, risk includes potential
future losses based on probability, severity and vulnerability, expressed in dollar losse
some instances, dollardses are based on actual demonstrated impact, such as through the use
of the Hazus model. In other cases, losses are demonstrated through exposure analysis due to
the inability to determine the extent to which a structummpzacted.

1 Extent and_ocation:The area of potential or demonstrated impact within the area in which the
analysis is being conducted. In some instances, the area of impact is within a geographically
defined area, such as a floodplain. In other instances, & for severe weather, thés no
established geographic boundary associated with the hazard, as it can impact the entire area.

1 Severity/Magnitude: The extent or magnitude on which a hazard is ranked, demonstrated in
various means, e.g., Richter Scale

1 Vulnerability: The degree afamage, e.g., building damage or the number of people injured.

1 Probability of Occurrence and Return Intervals: These terms are used symsnyvith
likelihood, or the estimation of the potential of an incident to occur.

5.2 HAZARD IDENTIFICATION AND PROFILES

For this plan, the planning partners and staldgrs considered the full range of natural hazards that could
impact the planning areaThe process incorporated review of state and local hazard planning documents,
as well agnformation on the frequencynagnitude and costs associated with hazardshehae impacted

or could impact the planning area. Anecdotal information regarding natural hazards and the perceived

vulnerability of the pl ausediBaspdoatheraview, PamisgeTeamm t o t h
at itskick-off meeting, identikd the following natural hazards that this plan addresses as the hazards of
concern:

A Drought
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Earthquake
Flood
Landslide
Severe Wather

Tsunami

To o o Io Io Do

Volcano

A Wildfire (through the 220 Skagit County CWPP)
The list of hazards remain consistent wilie previows plan, with slight modifications to expand Severe
Weather, and to include discussion on Climate Chantign each profile Based on the full spectrum of
hazards addressed,istthe intent of thdribe to use this risk assessment in lieu of preparisgarate

hazard identification and vulnerability assessnfenbther planning efforts which may requitee same
type of analysis

The hazard profiles describe the risks assediwith identified hazasdof concern. Each chapter describes
the hazard,thpl anni ng areaés vulnerabilities, and, when |
steps were used to define the risk of each hazard:
Identify and profile the followig information for each hazd:
T General overview and description of hazard,;
T ldentification of previous occurrences;
I Geographic areas most affected by the hazard
i Event frequency estimates
I Severity estimates
i Warning time likely to be available for response

T Risk and vulnerability assessment, which includes identification of impagieople,
property,economyand the environment

5.3 RISK ASSESSMENT PROCESS AND TOOLS

The hazard profiles andisk assessments describe the risks associated with each ideimsifaed of
concern. Each chapter describes the hazard, the planning axdaenbilities, and probable event
scenarios.Chapter 133ummarizes all analystiroughcompletion of the Calculate@riority Risk Index
(CPRI) forhazard ranking

Once the profiles were completetetfollowing steps were used to define thek vulnerabilityof each
hazard:

A Determine exposure to each hafaiExposure was determined by overlaying hazard maps
with an inventory of structes, facilities, and systems to determine which of them would be
exposed to edchazard.

A Assess the vulnerability of exposed facilife§ulnerability of exposed structures and
infrastructure was determined by interpreting the probability of occurrenceloiesant and
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assessing structures, facilities, and systems that are expasshtbazard. Tools such as GIS
and Hazugdiscussed belowyere used in this assessment.

A Wherespecific quantitative assessments could not be completed, vulnerability wasedeas
in general, qualitative tersn summarizing the potential impact basedparst occurrences,
spatial extent, and subjective damage and casualty potential. Those itentatwgozized
utilizing the criteria established in the CRR¢e below)

A The final step in the process wasdssign a significance level determined by revigthe
results of vulnerability based on the CPRI schedule, assigning a final qualitativeresgess
based on théollowing classifications:

I  Extremely Lowd The occurrence and famtial cost of damage to life and property
is very minimal to nonexistent.

—_—

Lowd Minimal potential impact. The occurrence and potential cost of damage to
life and property isninimal.

I Mediunmd Moderate potential impact. This ranking carries a moderatet flexezh
to the general population and/or built environment. Here the poteatiahge is
more isolated and less costly than a more widespread disaster.

I  Highd Widespread poteiatl impact. This ranking carries a high threat to the
general population and/orulit environment. The potential for damage is
widespread. Hazards in this cgdey may have occurred in the past.

| Extremely Higld Very widespread with catastrophic impact.

5.3.1 Calculated Priority Risk Index Scoring Criteria

For the 202 update, the Planningem utilized a Calculated Priority Risk Index Score for each hazard of
concern Vulnerabilities are focused damishowned structures Vulnerabilities are described in tesm

of critical facilities, structures, population, economic values, and fundiipoélgovernment which can be
affected by the hazard event as identifiechim lbelow tables. Hazard impact areas describe the geographic
extent a hazard can impdbetribe andare uniquely defined on a hazéwgthazard basis. Mapping of the
hazards, whre spatial differences exist, allows for hazard analysis by geographiotoc&dme hazards
can have varying levels of risk based on location. Other hazards cover lasgeapdec areas and affect
the area uniformly. Therefore, a system must be estadaliwhich addresses all elements (people, property,
economy, continuity of ggernment) to rate each hazard consistentliife use of the Calculated Priority
Risk Index allowsuch application, based on established criteria of application to determiisk tlaetor.

For identification purposes, the six criteria on which the CRRbased are probability, magnitude,
geographic extent and location, warning time/speed of asgtjuration of the event. Those elements are
further defined as follows:

Probability

Probability of a hazard event occurring in the future was assesseddmaBarard frequency over a 100

year period (where available). Hazard frequency was based on the number of times the hazard event
occurred divided by the period of record. Iéthazad lacked a definitive historical record, the probability

was assesseduglitatively based on regional history and other contributing factors. Probability of
occurrence was assigned a 40% weighting factor, and was broken down as follows:
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Rating Likelihood Freguency of Occurrence

1 Unlikely Less than 1% probability in the rteb00 years.

2 Possible Between 1% and 10% probability in the next year, or at least one chd
the next 100 years.

3 Likely Between 10% and 100% probability in next yeamtdeast one chance i
the next 10 years.

4 Highly Likely Greater than 1 ent per year (frequency greater than 1).

Magnitude

The magnitude of potential hazard events was evaluated for each hazard. Magnitude is a measure of the
strength of a hazard emeand is usually determined using technical measures specific to the hazard.
Magnitude was calculated for each hazard where progdamage data wasvailable andvas assigned a

25% weighting factor. Magnitude calculation was determined using the foljoWioperty Damage /

Number of Incidents) /

$ of Building Stock Exposure = Mtagle. In some cases, the Hazus model

provided speific people/dollar impact data. For other hazards, a GIS exposure analysis was conducted
Magnitude was broken down as fodls:

Rating Magnitude

Percentage of People and Property Affected

1 Negligible

Less than 5%
Very minor impact to peopl@roperty, economy, and continuity of government 3
90%.

2 Limited

6% to 24%
Injuries or illnesses minor in nature, with only slightjperty damage and minimal
loss associated with economic impact; continuitg@fernment only slightly
impacted, withB0% functionality.

3 Critical

25% to 49%

Injuries result in some permanent disability:£%% of population impacted; moderd

propertydamagemoderate impact to economy, with loss of revenue and facili

impact;government at 50%perational capacity with service disruption more than
week, but less than a month.

4 Catastrophic

More than 50%
Injuries and illness resulting in permamelisability and death to more than 50% of
population; severe propertyachage greater th&0%; economy significantly impactd
as a result of loss of buildings, content, inventory; government significantly imp4
limited services provided, with digption anticipated to last beyond one month,

Extent and Location

The measwr of the percentage of the people and property within the planning area impacted by the event,
and the extent (degree) to which they are impacted. Extent and location weredaasiggighting factor
of 20%, and broken down as follows:

Rating Magnitude

Percentage of People and Property Affected

1 Negligible

Less than 10%
Few if any injuries or illness.
Minor quality of life lost with little or no property damage.
Brief interrupton of essential facilities and services for less than liours.
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Rating Magnitude Percentage of People and Property Affected

2 Limited 10% to 24%
Minor injuries and illness.
Minor, short term property damage that does not threaten structural stability
Shutdown of essential facilities and services for 4 to 240

3 Critical 25% to 49%
Serious injury andlness.
Major orlong-termproperty damage, that threatens structural stability.
Shutdown of essential facilities and services for 24 to 72 hours.

4 Catastrophic More than 50%
Multiple deaths
Property destrged or damaged beyond repair
Complete shutdownf essential facilities and séces for 3 days or more.

Warning Time/Speed of Onset

The rate at which a hazard occurs, or the time provided in advance of a situation occurring (e.g., notice of
a cold frontapproaching or a potential hurricameg.) provides the time necessary tegare for such an

event. Suddeimpact hazards with no advanced warning are of greater concern. Warning Time/Speed of
onset was assigned a 10% weighting factor, and broken dofetosss:

Rating Probable amount of waing time
1 More than 24 hours warngntime.
2 12-24 hours warning time.
3 5-12 hours warning time.
4 Minimal or no warning time.

Duration

The time span associated with an event was also considered, the cenugtihd longer an eveatcurs,
the greater the threat or potential for imgg and damages. Duration was assigned a weighting factor of 5%,
and was broken down as follows:

Rating_] Duration of Event
1 6-24 hours
2 More than 24 hours
3 Less than 1 week
4 More than 1 week

Chapter B summarizes the analysis conducted by waganfipletion of the Calculated Priority Risk
Index (CPRI) for hazard ranking.

5.3.2 Hazus and GIS Applications
Earthquake and Flood Modeling Overview

In 1997, FEMA developed the stamd&ed Hazards U.S.rddazusmodel to estimate losses caused by
earthquakesand identify areas that face the highest risk and potential forHezsiswas later expanded
into a multthazard methodology, with new models for estimating potential lossesinaricanesfloods,
and tsunami (although still limited in nature)
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Hazusis a GlSbased software program used to support risk assessments, mitiglatming, and
emergency planning and response. It provides a wide range of inventory data, such grapteaso
building stock, critical facility, transportation and utility lifie¢, and multiple models to estimate potential
losses from natural disasteiThe program maps and displays hazard data and the results of damage and
economic loss estimates faunildings and infrastructure. Its advantages include the following:

A Provides aonsistent methodology for assessing risk across geographic and pefititas.

A Provides a way to save data so that it can readily be updated as population, inventohgrand ot
factors change and as mitigation planning efforts evolve.

A Facilitates theeview of mitigation plans because it helps to ensure that FEMA methaiolog
are incorporated.

A Supports grant applications by calculating benefits using FEMA definitions anihtéogy.

A Produces hazard data and loss estimates that can be used in ocoatiorunwith local
stakeholders.

A Is administered by th&ibal or local govenment and can be used to manage and update a
hazard mitigation plan throughout its implementation.

Levels of Detail for Evaluation

HAZUS provides default data for inventorywulnerability, and hazards; this default data can be
supplemented with local data to provide a more refined analysis. The model can carry out three levels of
analysis, depending on thrmat and level of detail of information about the planning area:

A Level 15 All of the information needed to produce an estimate of losses is included in the
softwards default data. This data is derived from national databases and describes in general
ternms the characteristic parameters of the planning area.

A Level 256 More accurate stimatesof losses require more detailed information about the
planning area. To produce Level 2 estimates of losses, detailed information is required about
local geology, hydrolgy, hydraulics and building inventory, as well as data about utilities and
critical facilities. This information is needed in a GIS format.

A Level 3 This level of analysis generates the most accurate estimate of losses. It requires
detailed engineering argkotechnical information to customize it for the planning area.

Building Inventory

A User Defined Facility approach was used to model exposure and vulnetalifiigycritical infrastructure
identified during this proces§&IS building data utilizing deitad structure information fatribal facilities
was loaded into the GIS akthzusmodel. Building information was developed using best available Tribal
data, including building address pointsyial imageryand Samishstaff resourcesBuilding and contet
replacement values were estimated using values\asious sourcesncluding valiation bySamishstaff.

Hazus Application for This Plan

The following methods were used to assess specific hazards for this plan:

A Floodd A HazuslLevel 2 analysis was perimed. Analysis was basedn current FEMA
regulatory 100and 500year floodhazard data The1989 Skagit County FIRMvas utilized
for this analysis. Based on review of that ddtareareno Tribal owned structures within the
500-year floodplain.
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A Earthquaked A Hazus Level 2 analysis was performed to assess earthquake risk and
exposure. Earthquake shake maps prepared by the U.S. Geological Survey (USGS) were used
for the analysis of this hazard. A modified version of the National Earthquake Hazard
Reducion Program (NEHRP) soils inventory was used. One scenario wasntodeled

T The scenario eventtilized for this update wathe Devils Mountain M7.5 Earthquake

Drought, Landslide, Severe Weather, Tsunami and Volcano

Fordrought,Jandslide, severe weatheésunami and volcandistorical datas not adequate to modgiture

lossesas no specific damage functions have been develdpegever, GIScanmap hazard areas and
calculate exposure if geographic information is availatith respecto the location of thehazard and
inventory data. Areas and inventory suscdetito some of the hazards of concern were mapped and
exposure was evaluated. For other hazards, a qualitative analysis was conducted using the best available
data and professmal judgment. Locally reevant information was gathered from a variety of sagirce
Frequency and severity indicators include past events and the expert opinions of geSlagistsstaff,
emergency management personnel and others. The primary dataveas Beenishstaff, including various

GIS datasets augmented witltounty, state and federal datasets. Additional data sources for specific
hazards were as follows:

Droughtd The risk assessment methodologies used for this plan focus on damage to structures
Because drought doestrimpact structures, the risk assessment for droughiwase limited

and qualitative than the assessment for the other hazards of cdrfeeimpact from drought

also references fish loss associated with the negative impathafecthange on watendels,

and sedimentation issues resulting from droughatons.

Landslided Historic landslidehazard data was used to assess exposure to landsidgs

Washington Stat®epartment ofEcology Landslide Susceptibilitydata. This dta depicts

landslide saceptibility at al0-meterresolution across the staté Washington Utilizing

elevation datand WA DNR identified slope susceptibility at anything greater than 40 percent

sl ope, a 10006 buf f er criticalfacilities falliehg within thiesé potential f v pot e
landslide hazard areal$.should ke noted thathis data is for mitigatin planning purposes

only, and should not be considered for life safety matioslandslide hazard analysis was

conducted, but rather, ontgprojection of exisng data. Additional landslide data is available

at: http://www.dnr.wa.gov/programandservices/geology/geologitazards/landslides

Sevae Weatherd Severe wether data was downloaded frorarious sources, includirtpe

Natural Resources Conservationn8ee and te National Climatic Data CentePRISM,
Tornado Project, and other sources as refererfedack of data separating severe weathe
damage from floodig, windstorms, and landslide damage prevented a detailglgsis for
exposure and vulneraliifi as well as the fact that theaee no generally accepted damage
functions for the hazardFor planning purposes, it is assumed thatethi@e planning areis

exposed to some extent to severe weather. Certaas are more exposed due to geographic
location and local weather patterns, as well as the response capabilities of local first responders.

A Tsunamiil nf or mati on for Tsunami RiskaMap mrojepttasuar e d t hr «
pilot project for the new Hazus 4.0 modeind various ogoing studies for evacuation

mapping.
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Volcano - There are currently no gendyahccepted damage functions for volcanic hazards in
risk assessment platfoesuch as Hazug any GIS system for the ash fall associated with the
hazard. There would also be too many variables to associate with any pfpmefmodeling

for ash. No higirical data was available specifically for thamishwith respect to impa@nd
losses assaafed with the eruption of Mount St. Helens on which impact could be based.
Therefore, for planning purposes, it is assumed tleagtiire planning area is exjolsto some
extent to ash accumulatiofiem eruption of either Mt. Baker orl&ier PeakTho structures
would be vulnerable to the excessive weight of tephra and rainfall. Certain areas are more
exposedo ash accumulati@due to geographic location éiocal weather patterns, as well as
the response capabilities of local firsspondersin addition to the ashfall, Lahar inundation
zones were also identified, with identification of the area and critical facilities teghbac

5.3.3 Probability of Occurrence and Return Intervals

Natural hazard events with relatively long return periods, ssiahl@6year flood or a 50@ear earthquake,
are often thoght to be very unlikely. In reality, the probability that such events ameerr the next 30 or
50 years is relatively high.

Natural hazard events with very long return periods, such as 100 ar300® years, have significant
probabilities of occurrig during the lifetime of a building:

A Hazard events with return periods of0lgkears have probabilities of occurring in the next 30
or 50 years of about 26 percent and about 40 percent, respectively

A Hazardevents with return periods of 500 years have ahdiipercent and about a 10 percent
chance of occurring over the next 300ryears, respectively.

A Hazard events with return periods of 1,000 years have about a 3 percent chance and about a 5
perent chace of occurring over the next 30 or 50 years, rethpay.

For life safety considerations, even natural hazard events wiitm q@¢riods of more than 1,000 years are
often deemed significant if the consequences of the event happening are &gy (sstemely high
damage and/or substantial loss of liflédr example, the seismic design requirements for new construction
are base on the level of ground shaking with a return period of 2,475 years (2 percent probability in 50
years). Providing lifesafety br this level of ground shaking is deemed necedsageismic design of new
buildings to minimize life safety risk. Of cours® hazard event with a relatively long return period may
occur tomorrow, next year, or within a few years. Return psrasdl00years, 500 years or 1,000 years
mean that such ewmts have a 1 percent, a 0.2 percent or a 0.1 percent chance of occlanyngiven year.

5.4 LIMITATIONS

Loss estimates, exposure assessments and ksific vulnerability evaluations rely onethbest
available data and methodologies. Uncertaintiesrdrerent in any loss estimation methodology and arise
in part from incomplet scientific knowledge concerning natural hazards and their effects on the built
environment. Uncertainties also resutirh thefollowing:

A Approximations and simplifications nesasy to conduct a stugy
A Incomplete or outdated inventory, demographic @neeic parameter data
A The unique nature, geographic extent and severity of each hazard

A Mitigation measures already eroped ard
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A The amount of advance notice residents haveepape for a specific hazard event.

These factors can affect loss estimatgs lfactor of two or more. Therefore, potential exposure and loss
estimates are approximaiéhe results do not predictgrise esults and should be usenlyto understand
relative risk for planning purposeasot life-safety measures.
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DROUGHT

CHAPTER 6.
DROUGHT

DEFINITIONS

Droughtd The cumulative

. - C impacts of several dry years
Droughts originate from a deficiency of precipitation resulfiogn an unusual Onp e usersyy -

weather pattern. If the weather fgah lasts a short time (a few weeks or a cou  agricultural producers. It can
of months), the drought onsideredghortterm If the weather pattern become include  deficiencies in
entrenched and the precipitation deficits last for several months or year: jvurtfarce y a';id Sﬁgst‘:fface
drought is considereldng-term It is possibé for a region to experience a leng imapgctss ptg eshe:“h avt'es,ﬁ
term circulation pattern that producesuight, and to have sheldrm changes in|  peing, and quality of life.

this longterm pattern that result in shagrm wet spells. Likewise, it is possibl Hvdrological  Drouahtd
for a longterm wet circulation pattern to be intepted by shorterm weather Dgﬁcienges i Surfaceg -

spells that result in shetérm drought. subsurface water supplies.

6.1 GENERAL BACKGROUND

. . . . Socioeconomic Droughtd
Drougtt is a prolonged period of'yhess severe enough to reduce soil moistt  prought impacts on hgea“h,

water, and snow levels below the minimum necessaryséistaining plant,  well-being, and quality of life.

animal, and economic systems. Dgbts are a natural part of the climate cycie.

For this plan, the&samish Inthn Nationhas electedtoes Was hi ngt onds statutory
(RCW Chapter 43.83B.400), which is based on bothefahowing conditions occurring:

A The water supplyor the area is below 75 percent of normal.

A Water uses and users in the aséhlikely incur undue hadships because of the water shortage.

6.2 HAZARD PROFILE

6.2.1 Extent and Location

Drought can have a widespictimpact on the environment and the economy, dépgmupon its severity,
although it typically does not result in loss oélibr damage to property, ds other natural disasters. The
National Drought Mitigation Center uses three categories to de$ikebedrought impacts:

A Agriculturald Drought threagns crops that rely on natural precipitation, while also increasing
the potatial for infestation.

A watersupplyd Drought threatens supplies of water for irrigated crops, for communities and
for fish and sahon and other species of wildlife.

A Fire hazaré Drought increases the threat of wildfires from dry conditions in forest and
rangelands.

In Washington, wherhydroelectric power plants generate nearly tiqearters of the electricity produced,
drought alsdhreatens the supply of electricity. Unlike mostaditers, droughts normally occur slowly but
last a long time. Drought conitihs occur every few yeans Washington. The droughts of 1977 and 2001
(discussed below), the worst and second worst in ststieri provide good examples of how drought can
affect the state.
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On average, the nationwide annual impacts of drought aréegtéan the impacts of armther natural
hazard. They are estimated to be between $6 billion and $8 billion annually in thd Btates and occur
primarily in the agriculture ransportation, recreation and tourism, forestry, and energy sectors.&3ukial
environmental impacts aralso significant, although it is difficult to put a precise cost on these impacts.

Drought affectsgroundwater sources, but generally not as quicdysurface water supplies, although
groundwater supplies generally take lentp recover. Reduced prpitation during a drought means that
groundwater supplies are not replenished at a normal ratecdrhiead to a reduction in groundwater levels
and poblems such as reduced pumping capacity or wells going dry. Shallow veelisose susceptible

than dep wells. About 16,000 drinking water systems in Washington get water from the ground; these
systems arve about 5.2 million people. Reduced replenistiroégroundwater affects streams. Much of

the flow in streams comes from girdwater, especially durinfge summer when there is less precipitation
and after snowmelt ends. Reduced groundwater levels thataven less water will enter streams when
steamflows are lowest. Reduced water levels in wells also means that the reedlskgect to saltwater
intrusion.

The areabds drinking watdskeds antoprogided pfimmanlynby thé @y of o c a |
Anacortes, and in some aregsivately-ownedwells. Drought conditions within the planning area may
increase pressure twcal aquifers, with incresed pumping potentially resulting in saltwater intrusion into
freshwater aquifers. This, in turn, ¢dwwause restrictions on economic growth and deraént, impacting

the economy.

6.2.2 Previous Occurrences

In the past century, Wasigton has experiencesgtveraldrought episodes, including several that lasted for
more than a single seag€bi928 to 1932, 199211994, and 1996 to 199Table6-1 identifies additional
drought occurrences in tletate. The 1977 drought was the worst on record, but the 2001 drought came
close to surpassing it in some respetable6-2 has data on how the two dights affected Washington

by late September of their respective years.

TABLE 6-1
DROUGHT OCCURRENCES

July-August 1902 No measurable rainfall in Western Wasjton
August 1919 Drought and hot weather occulrin Western Washington
Julyi August 1921 Drought in all agricultural sé¢ions.
JuneAugust 1922 The statewide precipitation averaged 0.10 inches.
Marchi August 1924  Lack of soil moisture retardegermination of spring wheat.
July 1925 Drought ocurred in Washington
July 2:August 25, Little or no rainfall was reprted.
1926

June 1928Viarch 1929 Most stations averaged less than 20 percent of normal rainfall for August ang
September and lessath 60 percent for nine months.

Julyi August 1930 Drought affected the entire state. Most weather stations averaged 1G pefess
of normal precipitation.

April 1934March 1937 The | ongest dr ou g Hh the driest periods warsprig-rAugustod
1934, Septembedecember 1935, and yulanuary 1936.937.

May i September 1938 Driest growing season in Westaiashington.
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TABLE 6-1
DROUGHT OCCURRENCES

1952 Every month was below normal precipitation except June. The hardest hit arq
were Puget Sound and the ceh@ascades.

Januaryi May 1964 Drought coveredhe southwestern part of the state. Precipitation was less thal
percent ohormal.

Spring 1966 Drought throughout Washington
Junei August 1967 Drought throughout Washington
Januaryi August 1973 Dry in the Cascades.

October 1976 Worst drought in Pacific Northwest history. Below normal precipitation in

September 1977 Olympia, Seattle, and Yakima. Crop yields were below normal and ski resortj
closed for much of the 19767 season. The 1977 drotdgd to widespread watg
shortages and severe watenservation measures throughout Washington. Mo
than 70 public and prate drinkingwater operations reported waarpply
problems. Wheat and cattle were the most seriously affected agriculturatisro
in the state. The Federal Power Commissionredipublic utilities on the
Columbia River to release water to help fishvive. Agriculture experienced
droughtrelated losses of more than $400 million.

2001 Governor declared statewide Stage 2 droughtésponse to severe dry spell.

Junei Septembe2003 Federal disaster number 1499 assigned to 15 counties. The origasikbdiwas fo
flooding, but several jurisdictions were included because of previous drought
conditions. The 2001 drought camerapidly. Between November 2000 and
March 2001, mdasofthe st at eds rai nfalll and s
percent ohormal. The 2001 event was a result of warm weather melting snoy
into streams a month earlier than normal. Nine large utititpypanies statewide
advised the Washington Statefiartmat of Health that they were highly
vulnerable to the drought. Washing declared a statewide drought emergency
March 14, 2001. As a result of the 2001 drought, 90,000 acres of agricultural
were taken out of production; thousands of acresadfads were unused, and th
sugar beet industry was out of production.

March 10, 2005 Precipitation levels was below or much below the average from November th
Governor Declared Februay, with extremely warm fall and winter months, achady affecting the
Drought stateds mount ai n -3anuarywrpraovek uch of the remaining

snowpack, with Marchmpjections at 66 percent of normal, indicating that
Washington might be facing a drditaas bad as, or worse, than the 1977 drougd
Late March rains filled reservoirs to about 95 percent. State legislature appro
$12 million supplemental budget that pided funds to buy water, improve wells
and implement other emergency water suppbygats. Wildfires numbers was
about 75 percent ofrevious five years, but acreage burned was three times g
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TABLE 6-1
DROUGHT OCCURRENCES

2015

2019

20l5was t he year of t h éingios Staieshpdanorikal at r
nearnormal precipitation over the 202015 winter seasofiowever, October
through March the average statdevtemperature was 40.5 degrees Fahrenheit
degrees above the 20th aamtlongterm average and ranking as thanvast
October through March on record. Washington experienced record low snow
becaise mountain precipitation that normally fell as\grinstead fell as rain. The
snowpack deficit then was compounded as priadiph began to lag behind
normal levels irearly spring and into the summer. With record spring and sum
temperatures, andtlé to no precipitation over many parts of theestétie
snowpack drought morphed into a traditional precipitation droughsjreginjury
to cropand aquatic species.aly rivers and streams experienced record low
flows. (See Figure-g.)

On May 20, 2019, Governor Jay Inslee issued an emergeraygtt declaration in 24
watersheds statewide (sEgure6-2). According to the Washington State Departm)
of Ecology, very dry conditions over several months andiminished snowpac
impacted streamflow, which werddntified to be well below normal conditions acr
most of the state (seddire 63).! Watersheds west of the Cascades crest, whicl
more rain dependent than rivers on the east side, flowed&t bdow normal levels,
Some rivers set record daily Iswior historic May flows. Statewide, at the time 1
declaration was orderednly four (4) percent of rivers were flowing at levels ab
normal. Streamflows were strong in the southeast cornéedsttie. Twentyseven ouf
of 62 watersheds were declarft drought as of May 20, 2019. Skagit County 4
several of its watershedwere among the Counties identified as having a dro
emergency. On August 29, 2019, the USDA designated Skagit Casiotyof the four
areas identified as sustaining a natutisaster due to the drought.

1 Sourcenhttps://waterwatch.usgs.gov/?m=real&r=wa
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Tuesday, June 2%, 2019 18:30€T
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Figure 6-3 USGS Streamflow Comparison for Day of Year

TABLE 6-2
COMPARISON OF IMPACTS OF 1977 DROUGHT TO 2001 DROUGHT

Impact

1977 Drought 2001 Drought

Precipitation Precipitation at most locations raty Precipitation was 56 to 74% normal. U.S. Bureau @

from 50 t075% of normal levels, ani Reclamatiori Yakima Prgect irrigators received onl
in parts of Eastern Washington as | 37% of their normal entitlements.

as 42 to 45% of normal. At the end 6the irrigaton season, the Bureau of
Recl amationds five res;q
feet of water compared with 300,086refeet typically|

in storage.
Wildland 1,319 wildland fires burned 10,800 1,162 wildland fires burned 223,857 acres. Firefigh
Fire acres. State firighting activities efforts costhe state $38 million and various local
involved morethan 7,000 mashours  regional,and federal agencies another $100 millio
and cost more than $1illion.
Fish In August and Septemb#&877, water A dozen state hatcheries took a series of dreugh

levels at the Goldendale and Spoke relaedmeasures, including installing equipment 4§
trout hatcheries were down. Fish hi North Toutle and Puyallup hatcheries to address |
difficulties passing through Kendal water flow problems.
Creek, dributary to the north fork of
the Nooksack Rivein Whatcom
County.
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TABLE 6-2
COMPARISON OF IMPACTS OF 1977 DROUGHT TO 2001 DROUGHT

Impact 1977 Drought 2001 Drought
Emergency  Department of Ecology issued 511 Department of Ecology issued 172 temporary
Water temporary groundwater permits to emergency wateright permits and changes to existi
Permits help farmers and communities dril water rights.

more wells
Economic The statebs ec on TheBonneville Power Administration paid more th
Impacts $410million over a tweyear period. $400 million to electridiy-intensive industries to shu

The drought hit the aluminum
industryhardest. Majolosses in
agriculture and service industries

included a $5 million loss in the sk
industry.

down and remain closed for the duration of the
drought.

Thousands lost their jobs for months,lirting 2,000
3,000 workers at the Kaiser and Vamaptants.

Federal agencies provided more than $10.1 millioj
disaster aido growers.

More than $7.9 million in state funds paid for droud
related projects; these projects enabled the statg
provideirrigation water to farmers with junior wate
rights and to increase water in fiblearing streams.

13,000 jobs were lost because of
layoffs in the aluminum industry an
in agriculture.

6.2.3 Severity

In 1989, the Wasdhgton State Legislature gave permanent drought relief authority to the Department of
Ecology and enabled them to issue ordemdading drought emergencies. (RCW 43.83B-430 aml
Chapter 173166 WAC). In Washington State, the statutoryesia for droght is a water supply below
75% of normal and a shortage expected to create undue hardship for some water users.

While droughts astomarily do not directly impact structurespulchts do impact individuals(farmers,
laborers, etc,)the agrialtural and ndural resourcéndusties, and othelprecipitationdependensectors.
Lack of snowpack has forced ski resorts into bankruptogtelis increased danger of forggitdland fires.
Millions of board feet of timber have been lost. Loss of fieraad treegicreases erosion, causing damage
to aquatic life, irrigation, and power development by heavy silting of streams, reservoirseasid The
health of forests is also a concernhwiespect to infestation associated with weakened trees dusught.

Nearly all areas of Washington are vulnerable to drought. The coastal areas of Washington, the Olympic
Peninsulaand areasn Cental Washington just east of the Cascades are phatig vulnerable. High

quality agricultural soils exist iBkagitCounty. These areas sustain crops that are dependent upon moisture
through the winter and spring and dryer conditions in the summe

The verity of a drought depends on the degree of mm@stieficiency, the duration, and the size and
location of the affected are@he longer the duration of the drought and the larger the area impacted, the
more severe the potential impacts. Droggite nb usually associated with direct impacts on peaple
property, but they can have significant impacts on agriculture, wildlid, fishing, which can impact
people indirectly. When measuring the severity of droughts, analysts typically lookhatrecampacts.

A drought lasting for more than one seas@uld most likely reduce the annusalowpackaccumulated at
high elevationsn the Cascade Mountains, thereby reducing normal stream flows in local rivers and creeks.
Should an extreme, loAgrm droughbccur, a large portion of the populationaséawould be impacted.
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Customarily when such evesnoccur, the initial responss to institute a voluntary water conservation
measuresparticularlyin thosecommunities which receive water supplies from depletedwatersheds.
Such was the case with the 20drought.

The water supply fothe planning areais obtained fronthe Skait River, as well asarge creeks with
reliable, glacial sources. The effects of an extreme,-ferg drought could result imadequate stream
flows and ground water rechargbgereby resulting in the implementation afi@ water conservation
measurs.

A substantial reduction in stream flows coaldoseverely impact the generation of electriditym the
hydroelectric dam#hich are situated in Skagit County reductionn hydroelectric generation will result
in increased electricitsates orcould also result in brown outs.

The National Oceanic and Atmospheric Administratid®AA) has developedeveral indicefo measire
drought impacts and severity to map their eixéamd locations. The Palmer Drought Seydndex (PDSI)

and Crop Moisturédndex (CMI) are indices of the relative dryness or wetness effecting water sensitive
economies. The PDSI indicates the prolonged abnormal moisture deficiency or excess. The @iks
bothshorttermandthe currentstaus ofthe potential for amgriaultural drought or moisture surplushich

can change rapidly from week to week. Both indices indicate general conditions dodahwariations
caused by isolated rain. Input tbe calculations include the weekly pretapion total and average
temperéure, division constants (water capacity of the soil, etc.) and previous history of the indices.

The PDSI is an important climdogical tool for evaluating the scope, severityd étrequency of prolonged
periods of abnormbl dry or wet weather. It can hesed to help delineate disaster areas and indicate the
availability of irrigation water supplies, reservoir levels, range cmmdit amount of stock water, and
potential intensit of forest fires. The CMI can be used toagere the status of dryness atmess affecting
warm season crops and field activities.

What follow are a series of maps indicatthg existingconditions asheyrelate to Drought. These maps
change very fragently and are intended to demonstrate imfation available to viewersAdditional
information and current monthly data are available from the NOAA wedsites following addess:
https://mww.cpc.ncep.noaa.gov/products/Drought/

6-8


https://www.cpc.ncep.noaa.gov/products/Drought/

DROUGHT

U.S. Monthly Drought Outlook Valid for July 2020

Drought Tendency During the Valid Period Released June 30, 2020

Depicts large-scale trends based

on subjectively derived probabilities
guided by short- and long-range
statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events.
"Ongoing" drought areas are

based on the U.S. Drought Monitor
areas (intensities of D1 to D4).

NOTE: The tan areas imply at least
a 1-category improvement in the
Drought Monitor intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the
end of the period (DO or none).

. Drought persists

e Drought remains but improves

Author:
Brad Pugh

NOAA/NWS/NCEF/Climate Prediction Center

Drought removal likely

O Drought development likely

?b@ - @S

http:/igo.usa.gov/3eZGd

Figure 6-4 July 2020 Drought Monitor
Source: NOAAttp://go.usa.gov/3eZGd



http://go.usa.gov/3eZGd

Samish Indian Nation Hazard Mitigation Plan Update

Figure 6-5 Palmer Drought Severity Index July 2020

SourceNOAA https://www.cpc.ncep.noaa.gov/pradsianalysis _monitoring/regional _monitoring/palmér.
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