TABLE OF CONTENTS

1. INTRODUCGTION..... .t irrre e s e e s me s e s smn e s e s mn e e e s smne e e s mme e e s mn e e s mnn s 11
1.1 REPORT BACKGROUND AND PURPOSE .......ccooiiiieeceeee e 1-1

1.2 RELATIONSHIP TO OTHER PLANNING EFFORTS........cccooiiiiiiiieieieeeeeeeee e 1-2

1.3 COUNTY SETTING ..ttt ettt ettt ettt e teseeestense e st eneeseeenean 1-2

2. GEOLOGICALLY HAZARDOUS AREAS ... ss s s s mne s 21
2.1 EXISTING WHATCOM COUNTY POLICIES AND CODE PROVISIONS................... 2-3

2.2 OVERVIEW OF GEOLOGICALLY HAZARDOUS AREAS INVENTORY .................. 2-4

2.2.1 Types of Coastal Geologic Hazards.............ceevuerierienciieciieiieieeiesee e 2-4

2.2.2  Types of Inland Geological Hazards ............ccccceevieeiieciieviieiieieniesee e 2-6

23 HUMAN ACTIVITY AND GEOLOGICALLY HAZARDOUS AREAS .......cccccveenee. 2-19

2.3.1 Coastal Geologic Hazard ATeas.........cccccueeviieeciiieiiieeieeeireecree e evee e 2-19

2.3.2 Inland Geologic Hazard AT€as.........ccccccvieeerieiniieiiieeiee ettt 2-20

2.4 HAZARD MANAGEMENT AND PROTECTION TOOLS........ccooerieieierieieie e 2-23

2.4.1 Channel Migration Hazard AT€aS ........c.cccuveviveriierierieniesieereeieeiee e seeesene e 2-24

2.4.2  Alluvial Fan Hazard ATEas ........ccoeeieviiiiieiienieiieeseeee e 2-25

2.4.3  Landslide Hazard ATEas..........ceceruieieriiriiriienieeiceiesie ettt 2-26

244  Erosion Hazard ATEAS .........cccceereiirieniiniieiesiesi ettt 2-27

2.4.5  Seismic Hazard ATEaS........ccooieiiiieieieieeieie ettt 2-27

2.4.6  Volcanic Hazard AT@aS ..........cceoiiieieriiiieiese ettt 2-28

2.5 FINDINGS AND CODE RECOMMENDATIONS.......oooiiieiieeeeteeeeee e 2-28

2.5.1 Coastal Geologically Hazardous AT€as ...........cceeevveerieeeneieerreeeiieenireeeveeeveeeeenes 2-28

2.5.2 Inland Geologically Hazardous ATeas .........c.ccccueeeerieerieeniieeiieeniieeeieeeireesvee e 2-30

2.5.3 Summary of Findings and Recommendations...........ccccceeeeeviirieeniennieenieenieeneenne 2-38

2.6 GEOLOGICALLY HAZARDOUS AREAS REFERENCES........cccooiiiiiiinieeeeee 2-41

3. FREQUENTLY FLOODED AREAS ... ssms s smmms e s s e e e e s an 31
3.1 OVERVIEW OF INVENTORY ...ttt ettt 3-1

3.1.1  EXISHNG INVENTOTY ..eoviiiiiciiieiieiieiiesee ettt ettt sveseveesbeesva e e e ssaesebessseessaens 3-1

3.1.2  Updates t0 INVENTOTY....ccvieiiiieiieeeiie ettt eeiee et e e eteeeteeeseveeeeeeessseessseeeeseesnseeenes 3-2

3.2 FLOODPLAIN FUNCTIONS AND VALUES.......oooiiteteiecteee ettt 3-3

3.3 HUMAN ACTIVTY AND FREQUENTLY FLOODED AREAS ......cccceovvevieieierreneene 3-5

3.4 FLOODPLAIN MANAGEMENT AND PROTECTION TOOLS ......cccceiiieieieeenee. 3-6

3.4.1  RESIICLEA USES ...eevieiieiiieiieeiieieet ettt sttt ettt sttt ettt e bt e sbeesaeesaeeens 3-6

3.4.2  FlOOAPIOOTING ..c.uvviiiiieeiieeciieeciee ettt ettt e et e e e be e eteeesebaessbaeessbeessreeenseeenreeenes 3-7

3.4.3 Restricted Alteration of Floodplains or Construction of Barriers............c.ccoeeveeenn. 3-7

3.4.4 Flood Hazard Management Planning and Projects...........ccecceeeeeneenienieiieeiieeniens 3-7

3.4.5  FlOOd RESPONSE. .....ueeiiiiieiiieiieit ettt sttt ettt ettt et e e ebeesaeesaeesaneens 3-8

3.5 FINDINGS AND CODE RECOMMENDATIONS .......oiiiiiiieenierteeneete et 3-9

3.6 FREGUENTLY FLOODED AREAS REFERENCES .......ccoooiiiiieeeeeeee e 3-10
Whatcom County Planning and Development Services 553-1687-003

BAS Code Recommendations i May 2005



TABLE OF CONTENTS (Continued

4. CRITICAL AQUIFER RECHARGE AREAS (CARAS) ...t sssssmsns s s s s ssmssn s nssnnas 41
4.1 SUMMARY OF AQUIFERS IN WHATCOM COUNTY ..cceeieiieiieieiieieieeeeeeie e 4-1
4.2 OVERVIEW OF AQUIFER FUNCTIONS AND VALUES........ccootmiteerieieeeeeieie e 4-1

4.2.1  Drinking Water SUPPLY ....eecveerierierieeieete ettt estesteeseeeseesseesseeseesseesseessnessnesnsenns 4-1
4.2.2  Base FIOW t0 StrEaIMS ..cc.ceiuiiuiiiieiieiieieieeiteete ettt 4-2
4.2.3 Discharge to and Recharge from Wetlands .............ccoeeuievienienieniiiieeieeeeeeiene 4-2
4.2.4  Storage of Infiltrated Precipitation ..........ccccceevceercieeiieerieeieeseeseesee e ere e 4-2
4.3 OVERVIEW OF CRITICAL AQUIFER RECHARGE AREA ISSUES.......cccciiiiinenen. 4-3
4.3.1 Susceptible Aquifer Recharge Areas .........c.ccccvveeeieeriieeiiieeiieecree e svee e 4-3
4.3.2 Vulnerable Aquifer Recharge Areas........cccceeevieiiiiiiieeiiiesiee e 4-3
4.3.3  Wellhead Protection ATEaS .........cueerueerieerieeniieiienie ettt ee et esbeesaeesaee s ens 4-3
4.3.4  S0le SOUICE AQUITEIS ..eiocuviieiiieciiiecieeetee ettt et e et sv e e sbeeesebeesreeeeneenes 4-4
4.3.5 Susceptible Ground Water Management Areas and Special Protection
AATBAS ..ottt sttt et ettt st nrees 4-4
4.3.6  Ground Water QUANTILY .......cccceeriiriirieiieiiceieeeert ettt st siee e 4-4
4.4 HUMAN ACTIVITY AND AQUIFER FUNCTIONS ......cccoiiiiieieeeeeee e 4-4
4.4.1  Ground Water QUAIILY ......cceerieriiiiieieeie ettt et s esaee e ens 4-4
442  Ground Water QUANTILY ........ccceerierieriieeiieeiteeseesteeiteeeteete et ebeeeeesteesbeesaeesaaesaneens 4-5
443  CARA DESINALION ...cuuiitiiiieiiieeieeieeie et et e sieestteeteeteeteeteebeeseesseesbeesaeesanesasenas 4-5
4.4.4 Inventory of Known or Potential Ground Water Contamination Sources.............. 4-6
4.4.5  Prohibited ACHVITIES ....eecuieriieriieriieriieeie et ete et et e sttestte sttt eteebeenteesbeesaeesaeesaseens 4-7
4.4.6 Conditionally Permitted ACHIVITIES .....ceevveereerierieeieeieesieesieseesneeseesseeseesseessnens 4-7
4477 EXCMPL ACLIVITIES ..evievietieiieriieiieeieeteeieesteesteesttesstesssesnseesseesseesseesssesssesssesssesssenns 4-7
4.4.8 Site-Specific Hydrogeologic REPOTLS ........ccceevvreireiieiieiieieieseecee e 4-7
4.5 FINDINGS AND CODE RECOMMENDATIONS .......ooiiiiieeeeeeeee et 4-7
4.6 CARA REFERENCGES ......ooiiiiii ettt ettt sttt ettt esa s ssaensesseensennas 4-9

B, WETLANDS .......cieeecerrrrrrmr e e e s s e e ss s e e es e e e s s mn e s e ane e e e s ame e e ensame e e aesmn e e eessmneneasanneeeensnnnsnsannennnsans 5-1
5.1 OVERVIEW OF WETLAND INVENTORY .....ooiiiiiiiiiiiieeeere e 5-1
52 OVERVIEW OF WETLAND FUNCTIONS AND VALUES .....ccccooiiiiiiieieereeeeee 5-5

5.2.1  Freshwater Wetlands ..........ccooioiiiiiiiii et 5-6

5.2.2  Estuarine Wetlands ..........cccceoiiiiiiiiiiiiieeeeee e 5-10

53 HUMAN ACTIVITIES AND WETLAND FUNCTIONS.......cooiiieieieeeeieieeeeee e 5-17
5.3.1 Freshwater Wetlands ..........ccooooiiiiiiiiiiiiiciicceeeeeeee e e 5-18

5.3.2  Estuarine Wetlands .........coccooieieiiiiiienieieeeetee et 5-23

5.3.3  ReStOration ACHVILIES ...cc.evverierieriieieiteeiteeete ettt ettt st sb e s 5-27

5.4 WETLAND MANAGEMENT AND PROTECTION TOOLS........cccoooiiieeeeeeeeeeene 5-27
5.4.1 Designation, Rating and ClassifiCation............ccccuerverieniieeiieenieeneeneeseeseesre e 5-27

542 BUITETS .ottt nes 5-28

5.5 WETLAND MITIGATION.......ooiioiiiiieieiietteeecte ettt ae et estesteestessessaesesseessessesseensens 5-33
5.5.1 Compensatory Mitigation Success and Failure .............cccoceevieniiniininnieieeen, 5-33

5.5.2  Performance Standards ..........cccoceeoeeiieiieniene s 5-37

Whatcom County Planning and Development Services 553-1687-003

BAS Code Recommendations i May 2005



TABLE OF CONTENTS (Continued

5.5.3  MONILOTINE .eouvieiieieieeiieeie et eieeieeseesteseressbeenseesseessaesseesseesssesssesnsessseenseenseesseesseens 5-37
5.5.4 Replacement Ratios for Restoration and Creation...........ccoeceveevveeivesieesveeseeneeeneen. 5-38
5.5.5 Enhancement and Preservation...........ccoccvevverienieenieenieeneesee e sre e eveeseeesenesenes 5-38
5.5:6 BaANKING....c.ioiiiiiiiieeit ettt sttt snbeenreenreenreenneas 5-39
5.5.7 Other Wetland Protection MEaSUIES ...........ceeeverrreerieerieereeniesresresreeseeseesseensens 5-39
5.6 FINDINGS AND CODE RECOMMENDATIONS.......ccoitiieriieriiereeeire e e e eve e 5-40
5.6.1 General Findings and Recommendations ............cccceeeveeeiererieenineesiieesieeevee e 5-40
5.7 WETLAND REFERENCES.........ooioieieietetettetete sttt seseeennens 5-43
6. FISH AND WILDLIFE HABITAT CONSERVATION AREAS ... 6-1
6.1 OVERVIEW OF INVENTORY ..ottt 6-3
6.1.1  Species and Habitats .........cccvevuieriierieiiicie ettt et s v e eere v e reesreeseneseaesaneans 6-4
6.1.2  Landscape-scale Habitat ASSESSIMENL .........c.ceevierrieriieriieniierieereereereereeseeeseeseeas 6-12
6.2 OVERVIEW OF HABITAT FUNCTIONS AND VALUES.......ccooiiiieieeeeeeee 6-15
6.2.1  Habitat FUNCHONS . ...coctiiitiiiieiiieie ettt et 6-15
6.2.2  Habitat ValUES ......ooccviiiiiiiiiiie ettt ettt et ve e eabeeearae s 6-16
6.3 HUMAN ACTIVITY AND HABITAT FUNCTIONS.......ccocoteieiieiieiee e 6-16
6.3.1  Ecological DiSturbance............eccverieruierieriiiieeieeieesieesieeseeseeseresnreenseeseesseesenes 6-16
6.3.2  Behavioral DiStUrbance .........c..cccveeieriierienieiienie et 6-18
6.4 HABITAT MANAGEMENT AND PROTECTION TOOLS..........ccoeeviirierieriieeveereee, 6-19
6.4.1 Acquisition, Designation, Rating, and Classification ..........cccccecueeveveeereeenveennnnnn 6-19
0.4.2  BUTTRIS ..ottt e 6-19
6.4.3  Timing RESIIICHIONS ....cccviiiiiiieiiie et ciee et estee et sre et e e eb e e eveeestaeeseseeenebaesnveaas 6-21
6.4.4  Habitat Miti@atiON.......cciciieeiieeiiiieeiieeeeeeieeeeteeeeteeereeesebeeebeeetaeessseesssaeesssaesssenas 6-21
6.5 FINDINGS AND CODE RECOMMENDATIONS........coiiiieieiietieteieeeeee e eeeens 6-22
6.5.1 General Findings and Recommendations .............cccceevievieniencieeciieseeeeseeneeennn 6-22

6.5.2 Recommendations for Regulatory Requirements (Protection and
IMANAZEIMEIT) ...ttt ettt ettt et e e bt e sate st e et e e bt e bt e sheesatesateenbeebeenbeenas 6-24
6.6 REFERENCES ...ttt sttt sttt ettt et sbe et saeenee 6-26
7. FISH AND OTHER AQUATIC SPECIES ........cooiiiiiiiceirrrnesissssens s s s ss s ssssss s s s s s sssmmssesssssnnssns 71
7.1 OVERVIEW OF INVENTORY ...ttt ettt 7-2
7.1.1  Species and HabitatS .........ccccvieiciiiieiiiiiicciie ettt et eveeesveesaee e 7-3
7.1.2  AQuatic Habitats ......c.ceeviiiiiiiciiieciee ettt ettt e sebe e e esabe e eaee e 7-5
7.2 OVERVIEW OF AQUATIC HABITAT FUNCTIONS AND VALUES.........cccveuene.e. 7-11
7.2.1  Channel Migration Zones (CMZ) .........cccuereerierirenireeiieenieesieeseeseesressseeseeseenses 7-14
7.2.2  LWD RECTUILIMENL ...c.vveiieriieeiieiieieeieeieesieeseesenesaeeseeseesseesseesssesssesssesnsessseensens 7-14
7.2.3  Shading and TeMPETAtUIE .........cceeeuierreerieerrerierreeieesieesieesaessressseanseesseesseesseessnes 7-15
7.2.4 Bank Stabilization and Habitat Formation............ccccceeceeviieriieniienciieciieeeeeseeeen, 7-16
7.2.5 Filtering of Sediment, Nutrients and Chemicals..........c.ccecevirerreninennencneene 7-16
7.2.6  Organic Input and NULFIENt SOUICE.......ccvervirierieeiieieerieeseesee e sreereereeeeeneees 7-17
72T MICTOCHIMALE. .....eeieiieiiieiieiteiesteste ettt se ettt eeteesteessaessaesnsesnseesseesnennnas 7-17
Whatcom County Planning and Development Services 553-1687-003

BAS Code Recommendations iii May 2005



TABLE OF CONTENTS (Continued

7.3 HUMAN ACTIVITY AND AQUATIC HABITAT FUNCTIONS ........ccooviiieieieeeeenne 7-18
7.3.1  Freshwater Riverine Habitats ..........cccccoecvereiieciieniienienie e 7-19
7.3.2  Nearshore and Estuarine Habitats...........ccocceveevriiniieeniienierieseeseeseeeee e 7-20
7.4 HABITAT MANAGEMENT AND PROTECTION TOOLS..........ccoeevirievieriieereeeeee, 7-20
7.4.1 Designation, rating, and classification...........ccceevvieriieeciieeriieeiee e ecree e 7-20
TA.2  BUITRLS ettt ettt st e an 7-21
7.4.3  TiMING TESIIICTIONS .. ..iiiitiieirieeiieeeieeeieeesteeeteeesbeeereeesebeeseseeesaeessseessseesssesesees 7-22
7.5 PROTECTION AND MANAGEMENT OF ANADROMOUS SPECIES..........ccooeneee 7-22
7.6 FINDINGS AND CODE RECOMMENDATIONS........ooiiiiieieeeeeeecee e 7-24
7.7 FISH REFERENCES ... .ottt sttt sttt et et e e sneeneens 7-26
8. MITIGATION BANKING ...t s e s s e s s e an e e s amn e s s amnnnnnns 8-1
8.1 OVERVIEW OF MITIGATION BANKING.......ccceeteriieieiiiieieie ettt seeeie e 8-1
8.2 REGULATORY CONTEXT AND STATUS OF MITIGATION BANKING................... 8-3
8.2.1  WaShington State.........ccceevciiiriiieeiiieeiie ettt re e e st e e enneeenns 8-3
8.2.2  Outside Washington State...........ccceevieriieriieririerieieereeieeseeseesaesreereesseeseeesneeens 8-6

8.3 SUMMARY OF SCIENTIFIC LITERATURE ON WETLAND MITIGATION
BANKING ...ttt sttt ettt et et s et et et e eme et e e teentenbeeseenseaseeneenseaneeneas 8-6
8.4 OPPORTUNITIES AND CONSTRAINTS OF MITIGATION BANKING.............c........ 8-8
8.5 FINDINGS AND CODE RECOMMENDATIONS.......ccoiteiieierieerre e e e eieeeeeeeenens 8-12
8.5.1 General Findings and Recommendations .............ccceevvvevveerienienvenienreereeneesneens 8-13
8.6 BANKING REFERENCES ..ottt 8-13

APPENDICES

A Critical Area Maps
B Technical and Citizens’ Advisery Committee

C Scientific Names for Fish and Wildlife

Whatcom County Planning and Development Services 553-1687-003
BAS Code Recommendations iv May 2005



TABLE OF CONTENTS (Continued

LIST OF FIGURES

2-1 Mount Baker Volcanic Hazard Zones Related to Lahars or Pyroclastic Flows..........c.ccccuce...... 2-16
2-2 Area around Mount Baker that Could Be Affected By a

Lateral Blast Similar in Size to The May 18, 1980 Mount St. Helens Blast. ...........cccccceeveene. 2-18
5-1 Comparison of Potential Wetland Areas by Watershed...........cccoeevvieeiiiiiienciiiiieeeeee e 5-3
5-2 Percent of All Potential Wetlands in Whatcom County by Watershed Management Area.......... 5-4
LIST OF TABLES
3-1 Functions of Nooksack River Floodplain Wetlands (from Caplow et al. 1992)........c..cccccveeueenee. 3-4

6-1 WDFW Designated Priority Habitats Found in Northwestern Washington (WDFW 2004a). .....6-1
6-2 Listed, Sensitive, and Candidate Species Known or Suspected to Occur in Whatcom County. .6-5
6-3 Priority Species Known or Suspected to Occur in Whatcom County...........cccceevevereeneeneeeeennnen. 6-7
6-4 Species Designated as Locally Important in Whatcom County (WCC 16.16 Appendix C)......... 6-8

6-5 Effects of Disturbance and Habitat Alteration on Wildlife...........cccccoiiniiiiiiniiniieiceee 6-17
6-6 Recommended Riparian Buffer Widths to Provide Effective Wildlife Habitat.......................... 6-21
7-1 Habitat Associations and Distribution of Priority and Listed Fish Species in Whatcom County.7-7
7-2 Stream Riparian Functions and Appropriate Widths Identified by May (2000)............c.ccuve.... 7-12
7-3 Stream Riparian Functions and Appropriate Widths Identified by Knutson and Naef (1997)..7-12
7-4 Stream Riparian Functions and Appropriate Widths Identified from FEMAT (1993).............. 7-12
7-5 Example of Riparian Buffer Width Prescriptions from WDNR (2003) ........cccceevevveevveenieeennnn. 7-13
7-6 General effects of Different Human Activities on Aquatic Habitats ............cccceveeveerieenvennnne, 7-18
Whatcom County Planning and Development Services 553-1687-003

BAS Code Recommendations v May 2005






1. INTRODUCTION

In 1995, the Washington state legislature amended the Growth Management Act (GMA) to require that
local governments include Best Available Science (BAS) in designating and protecting critical areas
(RCW § 36.70A.172(1)). In 2000, the state’s Office of Community Trade and Economic Development
(CTED) adopted procedural criteria to implement these changes to the GMA and provided guidance for
identifying BAS. The rule makers concluded that identifying and describing functions and values and
estimating the types and likely magnitudes of adverse impacts were scientific activities. Thus, RCW
36.70A.172(1) and the implementing regulations require the substantive inclusion of BAS in developing
critical area policies and regulations.

This document summarizes BAS for Whatcom County critical areas and provides recommendations for
updating the County’s critical areas ordinance (Chapter 16.16 of the Whatcom County Code [WCC])).

As directed by RCW 36.70A.050, this document addresses the following critical areas:
e Geologically hazardous areas;
e Frequently flooded areas;
o  (ritical aquifer recharge areas (CARAs);
e Wetlands (both freshwater and estuarine); and
o Fish and wildlife habitat conservation areas (HCAs).
In addition, this document addresses the habitat requirements and management needs of anadronous fish,

and discusses habitat mitigation banking. Maps of the County’s critical zareas are provided in
Appendix A.

1.1 REPORT BACKGROUND AND PURPOSE

The information contained within this document is a summary of scientific studies related to designating
and protecting critical areas, including habitat for anadromous fish species, as defined by the GMA. The
information provides a basis for recommended changes and additions to the Whatcom County critical
areas ordinance'. It is not intended to provide an exhaustive summary of all science available for all
critical areas. The information reviewed is pertinent to Whatcom County, applicable to the types of
critical areas present, and is believed to be the best available scientific information. BAS® means current
scientific information derived from research, monitoring, inventory, survey, modeling, assessment,
synthesis, and expert opinion that is:

e Logical and reasonable

e Based on quantitative analysis
e Peer reviewed

e Used in the appropriate context
e Based on accepted methods

e Well referenced.

' In some instances, the BAS review supports existing provisions of the County code and no changes are
recommended.

? Washington Administrative Code (WAC) 365-195-900 through 925
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Each chapter of the report is devoted to a specific critical area as designated in WCC 16.16. In many
cases, the information presented for one critical area overlaps, complements, or is applicable to another
type of critical area because these areas function as integrated components of the ecosystem. The chapters
summarize the information and issues that the County is required to consider within its process for
updating policies and regulations to protect the functions and values of critical areas
(RCW §36.70A.172.1).

In some instances the GMA and its regulations constrain the choice of science that can be used to
designate or protect a particular resource (e.g., local governments are required to use the definition of
wetlands [RCW 36.70A.030.2]). In other cases, there may a range of options that are supported by
science (e.g., wetland buffer widths necessary to protect functions).

The State legislature and the Growth Management Hearings Boards have defined critical area
“protection” to mean preservation of critical area “structure, function, and value.” Local governments are
not required to protect all functions and values of all critical areas, but are required to achieve “no net
loss” of critical area functions and values across the jurisdictional landscape. Local governments are also
required to develop regulations that reduce hazards associated with some types of critical areas including
geologically hazardous areas and frequently flooded areas. The standard of protection is to prevent
adverse impacts to critical areas, to mitigate adverse impacts, and/or reduce risks associated with hazard
areas.

This report was prepared by qualified scientists acting as consultants for County staff. A Technical
Advisory Committee (TAC) composed of experts from federal, state, tribal and local agencies
(Appendix B) reviewed all of information presented here in draft form and provided comments. In many
cases TAC members provided scientific studies and data to be included in the review. A second
committee composed of local citizens representing various stakeholder groups (Citizens’ Advisory
Committee or CAC) also reviewed the draft documents and provided comments (see Appendix B). These
committees conducted their reviews during a series of workshops in the latter part of 2004. This revised
draft was prepared in response to committee members’ input. The recommendations described will be
submitted to the County Planning Commission and County Council following public review in early
2005.

1.2 RELATIONSHIP TO OTHER PLANNING EFFORTS

The recommendations derived from the BAS review will be used as the basis for revising the County’s
development regulations and Comprehensive Plan elements that pertain to critical areas. The County is
required to integrate critical areas protection into zoning regulations, clearing and grading provisions,
stormwater management requirements, subdivisions regulations and other applicable plans and policies.
The County is also required to integrate the CAO provisions with its Shoreline Master Program (SMP),
which will be updated in 2005. To comply with House Bill 1933, SMP regulations pertaining to critical
areas must be as protective or more protective of functions and values as the CAO regulations themselves.

1.3 COUNTY SETTING

Whatcom County encompasses 2,152 square miles stretching from the Georgia Strait to the Cascade
Mountains in northwestern Washington. The County, which includes the cities of Bellingham, Blaine,
Everson, Ferndale, Lynden, Nooksack, and Sumas, is bounded by Canada on the north, Okanogan County
on the east, Skagit County on the south, and the Strait of Georgia and Bellingham Bay on the west.
Federal lands of the Mount Baker National Forest and North Cascades National Park make up the eastern
two-thirds of the County. Most of the County’s nearly 167,000 residents live in the western third of the
County (including some 70,000 residents in the City of Bellingham). Reservation and trust lands
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belonging to the Lummi Indian Nation and the Nooksack Tribe are also located within the County
borders.

According to the County’s Comprehensive Plan, approximately 74 percent of the County is used for
forestry or agriculture. Agricultural uses are concentrated on the lowlands in the western half of the
County; and forestry dominates the upland areas to the east, including the federal lands. Other land uses
include residential development, mining, and commercial and industrial development.

Tectonic activity and glaciation have shaped the landforms that make up Whatcom County. During the ice
ages, glacial advances including the Salmon Springs the Vashon glaciations eroded the underlying
bedrock, creating steep mountainsides and depositing glacial sediments such as lake deposits, till, and
outwash. The Sumas Glacier, which reached in maximum extent near the City of Sumas, deposited coarse
outwash sediments along a gradient between Sumas and Ferndale. The Nooksack River cut through the
outwash and carried fine sediments out to Lummi Bay. Organic materials such as peat were deposited in
areas such as near Sumas, Blaine, and along portions of the South Fork Nooksack River. Within the
County, there are 16 major lakes (including Lakes Whatcom, Samish, Terrell, Cain, Reed, and Wiser),
dozens of smaller lakes, 3,012 miles of rivers and streams and their estuaries, over 37,000 acres of
wetlands, aquifers containing an undetermined amount of groundwater, and 134 miles of marine
shoreline. These waters provide for domestic consumption, stock watering, industrial and commercial use,
agriculture, hydroelectric power production, mining, maintenance, fish and wildlife habitat, recreation,
and aesthetic appreciation.

The majority of Whatcom County (about 88 percent or 1,239 square miles) is within Water Resource
Inventory Area (WRIA) 1 (Nooksack). The WRIA 1 drainage area includes the Nooksack River, five
coastal subbasins, and two Fraser River subbasins. Approximately 800 square miles in the eastern part of
the County drain south and east to the Upper Skagit (WRIA 4) and Methow (WRIA 48) watersheds. Part
of southwestern Whatcom County drains south to the Lower Skagit/Samish watershed (WRIA 3).

Whatcom County is located within Pacific Lowland Mixed Forest Province and the plant communities
and habitats reflect relatively mild climate of this ecoregion. The wetlands, fields, streams, riparian areas,
and uplands of Whatcom County support many species of fish and wildlife including several federally
listed species (e.g., Chinook salmon [Oncorhynchus tshawytscha], bull trout [Salvelinus confluentus], and
bald eagle [Haliaeetus leucocephalus]), several species of concern (e.g., pileated woodpecker and
peregrine falcon [Falco peregrinus anatum]) and numerous state priority species (e.g., trumpeter swan
[Cygnus buccinator], great blue heron [Ardea herodias], and geoduck [Panopea abrupta]). Coastal and
nearshore habitats support forage fish species such as Pacific sand lance (Ammodytes hexapterus), surf
smelt (Hypomesus pretiosus), and Pacific herring (Clupea harengus), shellfish beds for commercial and
recreational use, and marine mammals (e.g., harbor seals and California sea lions). Native fish including
all five species of Pacific salmon (coho [Oncorhynchus kisutch], cutthroat trout [Oncorhynchus clarkii],
Chinook, chum [Oncorhynchus keta], and steelhead [Oncorhynchus mykiss]) occur in lakes, rivers, and
streams along with bull trout and Dolly Varden. Ducks such as bufflehead and goldeneye winter in the
County, and other bird species such as scoters, snow geese, trumpeter swans, canvasbacks, cormorants,
grebes, loons, and other migrating waterfowl pass through every spring and fall as they travel between
their breeding grounds in Alaska and Canada and their wintering grounds in California and Mexico.
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GEOLOGICALLY HAZARDOUS AREAS

This chapter describes geologically hazardous areas in Whatcom County, and summarizes the scientific
literature concerning various types of geologic hazards and how they can affect or be affected by land use
and other human activities. The chapter also presents an overview of the management and protection tools
for these areas. The purpose of this chapter is to establish a basis for recommending updates to the
geologically hazardous areas provisions of Article III of the WCC Chapter 16.16.300.

Whatcom County is a geologically active area and some areas within the County are considered to be
geologically hazardous. According to WAC 365-190-080 (4)(a), geologically hazardous areas include
areas susceptible to erosion, landslides, earthquakes, volcanic eruptions, or other geological events. These
areas pose a threat to the health and safety of citizens when incompatible commercial, residential, or
industrial development is sited in areas of significant hazard. Some geological hazards can be reduced or
mitigated by engineering, design, or modified construction or mining practices so that risks to health and
safety are acceptable. The following explanation of geologically hazardous areas is excerpted from the
WAC (Chapter 365-190-080 [4]):

(a) Areas that are susceptible to one or more of the following types of hazards shall be classified as a
geologically hazardous area:

(i) Erosion hazard;
(ii) Landslide hazard;
(iii) Seismic hazard; or

(iv) Areas subject to other geological events such as coal mine hazards and volcanic hazards
including: Mass wasting, debris flows, rockfalls, and differential settlement.

(b) Counties and cities should classify geologically hazardous area as either:
(i) Known or suspected risk;
(ii) No risk;

(iii) Risk unknown - data are not available to determine the presence or absence of a geological
hazard.

(c) Erosion hazard areas are at least those areas identified by the United States Department of
Agriculture Soil Conservation Service as having a "severe" rill and inter-rill erosion hazard.

(d) Landslide hazard areas shall include areas potentially subject to landslides based on a
combination of geologic, topographic, and hydrologic factors. They include any areas susceptible
because of any combination of bedrock, soil, slope (gradient), slope aspect, structure, hydrology, or
other factors. Example of these may include, but are not limited to the following:

(i) Areas of historic failures, such as:

(A) Those areas delineated by the United States Department of Agriculture Soil Conservation
Service as having a "severe" limitation for building site development;

(B) Those areas mapped as class u (unstable), uos (unstable old slides), and urs (unstable
recent slides) in the department of ecology coastal zone atlas; or

(C) Areas designated as gquaternary slumps, earthflows, mudflows, lahars, or landslides on
maps published as the United States Geological Survey or department of natural resources
division of geology and earth resources.
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(ii) Areas with all three of the following characteristics:

(A) Slopes steeper than fifteen percent; and (B) Hillsides intersecting geologic contacts with
a relatively permeable sediment overlying a relatively impermeable sediment or bedrock; and
(C) Springs or ground water seepage;

(iii) Areas that have shown movement during the holocene epoch (from ten thousand years ago to
the present) or which are underlain or covered by mass wastage debris of that epoch;

(iv) Slopes that are parallel or subparallel to planes of weakness (such as bedding planes, joint
systems, and fault planes) in subsurface materials;

(v) Slopes having gradients steeper than eighty percent subject to rockfall during seismic
shaking;

(vi) Areas potentially unstable as a result of rapid stream incision, stream bank erosion, and
undercutting by wave action;

(vii) Areas that show evidence of, or are at risk from snow avalanches;

(viii) Areas located in a canyon or on an active alluvial fan, presently or potentially subject to
inundation by debris flows or catastrophic flooding;

(ix) Any area with a slope of forty percent or steeper and with a vertical relief of ten or more feet
except areas composed of consolidated rock. A slope is delineated by establishing its toe and top
and measured by averaging the inclination over at least ten feet of vertical relief.

(e) Seismic hazard areas shall include areas subject to severe risk of damage as a result of
earthquake induced ground shaking, slope failure, settlement, soil liquefaction, or surface faulting.
One indicator of potential for future earthquake damage is a record of earthquake damage in the
past. Ground shaking is the primary cause of earthquake damage in Washington. The strength of
ground shaking is primarily affected by:

(i) The magnitude of an earthquake;

(ii) The distance from the source of an earthquake;

(iii) The type of thickness of geologic materials at the surface; and
(iv) The type of subsurface geologic structure.

Settlement and soil liquefaction conditions occur in areas underlain by cohesionless soils of low
density, typically in association with a shallow ground water table.

(f) Other geological events:

(i) Volcanic hazard areas shall include areas subject to pyroclastic flows, lava flows, debris
avalanche, inundation by debris flows, mudflows, or related flooding resulting from volcanic
activity.

(ii) Mine hazard areas are those areas underlain by, adjacent to, or affected by mine workings
such as adits, gangways, tunnels, drifts, or air shafts. Factors which should be considered
include: Proximity to development, depth from ground surface to the mine working, and geologic
material.

Delineation and classification of these areas by estimated risk ensures that residential, commercial,
municipal, and industrial developments are sited and constructed to avoid or reduce risk to the health and
safety of citizens and to avoid or reduce risk to public resources.
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21 EXISTING WHATCOM COUNTY POLICIES AND CODE PROVISIONS

County policies concerning geologically hazardous areas are spelled out in the Comprehensive Plan —
Natural Hazards Section. The Plan highlights the responsibility local governments have for balancing
private property rights and the need to provide a safe and healthy environment. The Plan also establishes
specific polices aimed at:

e Minimizing public investments for infrastructure in known hazard areas,
o Using best available science to research and investigate hazards and educate the public,
e Informing the public of the potential effects of geological hazards,

e Establishing decision-making criteria for development in hazard areas based on established levels
of risk,

e Uses that do not require human habitation when adverse impacts can be minimized or mitigated,
and

e Prohibiting critical public facilities in known natural hazard areas unless the public benefits
outweigh the risk.

Whatcom County manages and protects geologically hazardous areas primarily by implementing the
standards contained in WCC 16.16.300. The stated purpose of the regulations is to minimize hazards to
the public and to reduce the risk of property damage from development activities on or adjacent to
geologically hazardous areas. The regulations also regulate land use so as to avoid the need for
construction of flood control devices on alluvial fans and allow for natural hydrologic changes.

Specific designations for landslide hazards areas, seismic hazard areas, mine hazard areas, and alluvial
fan hazards areas are contained in WCC sections 16.16.310 through 16.16.340. The existing regulations
do not specifically address tsunamis, seiches, volcanic hazards, channel migration, or erosion hazards,
although volcanic hazards are mentioned in the Comprehensive Plan.

The regulatory requirements of the existing code (WCC16.16.350) are noted below:

A. No critical facilities shall be constructed or located in geologically hazard areas without fully
mitigating the hazard.

B. Projects shall be assessed through the Critical Areas Assessment Process.

C. Projects shall be engineered and/or constructed to fully mitigate the hazard, and protect the
building and occupants from the hazard.

D. Land divisions may be clustered where permitted by zoning and as appropriate to reduce
disturbance to the area.

E. Projects in landslide hazard areas must cause no increase in surface water discharge or
sedimentation to other properties and shall not decrease slope stability on or off-site.

F. All development in seismic hazard areas shall conform to the provisions of the Uniform Building
Code, which contains structural safeguards to reduce impacts from seismic activity.

G. Projects within a mine hazard area where mine workings are less than 200 feet below ground level
shall be engineered and/or constructed to fully mitigate the hazard, and protect the building and
occupants from the hazard.
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H. All projects on an alluvial fan hazard area must be engineered and constructed to withstand
alluvial fan hazards and/or flooding equivalent to the largest known event evident on the fan as
determined by professional assessment.

I. Clearing within alluvial fan hazard areas is prohibited without adequately addressing the
significance of tree retention in an Assessment Report.

2.2 OVERVIEW OF GEOLOGICALLY HAZARDOUS AREAS INVENTORY

Geologic hazard analysis requires a broad range of studies and site evaluations. Primary studies evaluate
the surface and subsurface geology, watershed conditions, hydrology, stream flow records, topography,
and landform features. Geologic mapping has been carried out in the Whatcom County area by a number
of scientists since the 1960s. Armstrong et al. (1965) documented the late Pleistocene stratigraphy in
southwestern British Columbia and northwestern Washington and Easterbrook (1976a, 1992) produced
geologic maps of western Whatcom County, including examining the engineering geology characteristics
of local geologic materials (Easterbrook 1976b). The geology of the Kendall and Deming quadrangles
were compiled by Dragovich et al. (1997) and the geology of the Bellingham 1:100,000-scale quadrangle
was compiled by Lapen (2000), which is the most current and comprehensive mapping of geology of the
Whatcom County area, Tabor et al. (2003) mapped the Mount Baker quadrangle. Numerous other
geologic studies related to the region and specific sites are also available through university libraries, and
the USGS. The Washington State Division of Geology and Earth Resources keeps a bibliography of
geologic references related to Washington State geology, which can be accessed at
http://www.wa.gov/dnr/htdocs/ger/washbib.htm.

Mapping the geologic units, soils, slopes, faults, and other features is an important first step to identifying
geologic hazards. Analysis and estimates of the rate and frequency of geologic processes is also important
because change in the landscape is an inherent part of geologic processes and hazards. Geologic processes
form, modify, and erode the land surface over time. Some of the main forces that drive geologic processes
include gravity, the hydrologic cycle, and plate tectonics. They provide the energy source that is
constantly and sometimes rapidly changing the earth surface we live on.

221 Types of Coastal Geologic Hazards
2.21.1 Coastal Bluffs

According to the 2004 Washington Coastal Zone Atlas maintained by the Department of Ecology, coastal
landslide hazard areas occur along the marine bluffs of Whatcom County. Areas of unstable slopes
include portions of the coastline at Birch Point, Point Whitehorn, Cherry Point, the west side of Lummi
Island, north of Neptune Beach, and other scattered areas.

Overall, the bluff along the Whatcom County marine shoreline is composed of a relatively thin deposit of
gravelly sand and silt at the surface. This surficial material consists of glaciomarine drift and reworked
glaciomarine sediments that were eroded and deposited by waves as the land rebounded upwards
following the melting of the glacial ice sheet at the end of the most recent glaciation. This unit is now
referred to as emergence (beach) deposits, of the Everson Interstade (Pleistocene).

Glaciomarine drift composes the majority of the height of the bluffs in the County. This unit typically
consists of pebbly, silty clay, but more homogeneous silt deposits are also found in the unit. This unit has
been termed the “Bellingham Drift” (Easterbrook 1976b), and was deposited near the close of the last
glacial period, approximately 10,000 years ago. At that time, sea level rose enough to float the remaining
ice, and subsequently melt the ice and release the sediment it contained into the shallow marine
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environment. Vertical rebound of these deposits and the long-term result of wave attack formed the bluff
configuration we see today. Other units exposed in the coastal bluffs include Vashon till and Vashon
advance outwash deposits.

2.2.1.2 Tsunamis

Tsunamis are a specific type of geologic hazard associated with earthquakes, although the WAC (365-
190-080 [3]) identifies tsunami hazards as being associated with frequently flooded areas rather then
geologically hazard areas (tsunamis are also discussed in Chapter 3, Frequently Flooded Areas).
Tsunamis are long-wavelength, long-period water waves generated by abrupt movements of large
volumes of water, often induced by submarine earthquakes and associated vertical movement of portions
of the ocean floor. Large subduction earthquakes causing vertical displacement of the sea floor and
having magnitudes greater than 7.5 are the most common cause of destructive tsunamis. In the open
ocean, the distance between wave crests can be greater than 100 kilometers, and the wave periods can
vary from 5 minutes to 1 hour. These tsunamis travel 600 to 800 kilometers per hour, depending on water
depth. Large waves produced by an earthquake or a submarine landslide can overrun nearby coastal areas
in a matter of minutes. The destructive potential of tsunamis is demonstrated by the recent event in the
Indian Ocean, which devastated countless coastal areas and killed tens of thousands of people.

Tsunami wave heights at sea are usually less than one meter in deep water, and the waves are not often
noticed by people in ships. As tsunami waves approach the shallow water of the coast, their amplitude
increases and wave heights increase dramatically. Recent analysis of marsh sediments in the form of sand
deposits overlying marsh plains and marine vegetation suggests that the most recent large tsunami hit the
Washington coast about 300 years before present that was caused by a Cascadia subduction zone
earthquake. An additional tsunami generated in central Puget Sound approximately 1,100 years before
present reached south Whidbey Island (Atwater and Moore 1992). Other inferred tsunami deposits (four
separate events) have been documented on the northwest shore of Whidbey Island (Williams and
Hutchison 2000). The age of two of the four events appear to match up to dated Cascadia subduction zone
earthquakes, but the other two events (around 2,000 years before present) do not match up to known
Cascadia subduction zone earthquake dates, and could have been caused by faults in the eastern Strait of
Juan de Fuca (Johnson et al. 2002; discussed below).

Walsh et al. (2004) recently mapped tsunami hazards associated with a major Cascadia subduction zone
(located offshore of Washington State) earthquake in Whatcom County. These authors also present
current velocity associated with a modeled tsunami. The earthquake event that was modeled had a
moment magnitude of 9.1, which is reported to be similar in magnitude to the earthquake that occurred in
the year 1700 (Satake et al. 2003), the last major Cascadia Subduction Zone earthquake. The recurrence
interval for major earthquake events ranges from a few centuries to a millennium, and averages about 600
years (Atwater and Hemphill-Haley 1997). While this mapping does not take into account more local
tsunami origins, it can be generally applied to known tsunami hazards for Whatcom County. The
modeling (Walsh et al. 2004) showed initial waves of generally 1 to 3 meters high for Bellingham and
Lummi Bay, with waves of up to just over 3.0 meters in northern Bellingham Bay. The arrival time was
modeled at approximately 2.5 to 3 hours after the initial earthquake event. There would be a noticeable
drop in water levels (up to 1 meters) over 1 hour before the first wave would reach Whatcom County,
such that a warning system is feasible for a Cascadia Subduction Zone earthquake.

Modeling of a Cascadia subduction zone earthquake (Walsh et al. 2004) resulted in areas with potential
inundation of 2 to 5 meters are confined to the Nooksack River Delta near Marietta and small portions of
Hermosa Beach on the southern Lummi Peninsula, as well as uninhabited portions of the Portage, slightly
further south. Inundation of 0.5 to 2 meters was modeled at all of Sandy Point, much of Neptune Beach,
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the Lummi River Delta and Lower Nooksack River south of Tennant Lake, Gooseberry Point, western
Eliza Island, and small portions of Lane Spit and Legoe Bay on Lummi Island. Inundation depths of less
than 0.5 meter were predicted for the industrial fill areas surrounding the Georgia Pacific site and the
Squalicum Marina area. The Semiahmoo spit and Birch Bay areas were not in the modeled area, but are
also likely at risk of inundation and wave velocity.

The Cascadia Subduction Zone was the only source area modeled for potential earthquakes and tsunamis.
As is other North Puget Sound areas, there are other potential source areas for earthquakes and locally
generated tsunami waves. Other faults have recently been mapped in the northern Puget Lowland and
eastern Strait of Juan de Fuca located south of Whatcom County. This presents additional risk of tsunamis
reaching the low-elevation portions of the Whatcom County coast, but the faults and risks are not yet
documented (Crider 2005 personal communication; Schermer 2005 personal communication). A major
fault that runs east-west across northern-most Whidbey Island is the Devils Mountain Fault (Johnson et
al. 2002). Two other recently recognized faults, the Strawberry Point Fault and the Utsalady Point Fault,
are located a short distance further south (Johnson et al. 2002). The South Whidbey Fault Zone (Johnson
and others 1996) is located further south in Admiralty Inlet.

The Devils Mountain fault and the Strawberry Point and Utsalady Point faults are thought to be active
structures and represent potential earthquake sources (Johnson et al. 2002). These faults could potentially
initiate tsunamis, though they are thought to be primarily stike-slip faults (lateral motion), vertical offset
could occur in any significant event (that could generate tsunamis). These faults are generally not thought
to represent nearly as large a risk as the Cascadia Subduction Zone, but they are not well understood yet.
Faults within Whatcom County include the Vedder Mountain Fault and the newly named Sumas Fault,
that extend down the Sumas Valley towards the southwest, and may extend into Lummi Bay or the Strait
of Georgia. However, if a tsunami were to be generated at any of these relatively close locations, it would
arrive in a much shorter time than would a Cascadia subduction zone-generated tsunami. The frequency
of these local earthquakes and potential tsunamis is unknown but the intensity of any locally-generated
tsunamis is expected to be significantly less than a subduction zone earthquake tsunami (Crider 2005
personal communication).

2.2.1.3 Seiches

A seiche is a standing wave in an enclosed or partly enclosed body of water that has often been compared
to the sloshing of water that can occur when a bowl is tilted sideways. Earthquakes may cause seiches in
lakes and bays. More commonly, wind-driven currents or tides cause seiches. Seiches generated by the
1949 Queen Charlotte Islands earthquake were reported on Lake Washington and Lake Union in the
Seattle area and on Commencement Bay in Tacoma. So far, no significant damage has been reported from
seismic seiches in Washington caused by local or distant earthquakes.

2.2.2 Types of Inland Geological Hazards

Inland geologic hazards in Whatcom County include channel migration and alluvial fan hazards, erosion,
landslides, earthquakes, seismic-induced waves on lakes from delta or shore slumps, abandoned
underground mines, and hazards associated with volcanic eruptions (e.g., ash fall, mud flows, lateral
blast, and lahars). The County Geologic Hazards Map (Whatcom County 1997) shows many of the
potential geologically hazardous areas including some landslide areas, seismic hazard areas, alluvial fans,
and mine hazards, but the mapping needs to be updated and supplemented with new information.
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Geologic hazards are present when there is the possibility of a geologic process affecting public healthy
safety or structures. Landslides can directly affect public safety and structures because they can happen
faster than people can react or get out of the way. Alluvial fans pose a risk to people and structures in and
around the depositional areas at the mouths of creeks and rivers. During floods, stream channels can
quickly fill and shift to other portions of the alluvial fan. Earthquakes are a hazard because they cause
landslides, seismic-induced waves, ground breaking, and/or liquefaction of surface soils. The dramatic
beauty and abundant recreational opportunities provided by Mount Baker come with the threat of
occasional volcanic eruptions and dangerous volcano-related floods and debris flows that can be much
larger than floods generated by storm runoff.

2.2.2.1 Channel Migration Hazards

Rivers and creeks naturally migrate and jump across valley bottoms, depositing, storing, and eroding
banks and valley bottom sediment (Collins and Sheikh 2003, 2004; Deardorff 1992; Abbe and
Montgomery 2003). Channel migration builds the floodplain, terraces, and landforms along the valley
bottoms. In Whatcom County, the areas with the greatest potential for channel migration are the major
depositional areas at the Nooksack delta, various smaller deltas into the Puget Sound and lakes, river and
creek valley bottoms. Because of the numerous mountains and hills in Whatcom County, alluvial and
debris fans are common landforms that are also built by channel migration during storms and debris
flows. Alluvial and debris fans are discussed separately in later sections.

Stream channels adjust over time to the watershed, valley bottom, and flood conditions. Creek and river
channels in Whatcom County have annual floods that transport and shift sediment down channel and out
across the floodplains. Channel banks erode and shift in response to these flood flows. Deposition and
erosion along the streams and especially on alluvial fans and deltas can frequently adjust the stream flow
and the whole river or creek channel can shift or jump (channel avulsion) across the channel migration
zone. Areas subject to risk due to streambank destabilization, rapid stream incision, stream bank erosion,
and shifts in location of stream channels are defined as a channel migration area (King County 1999).
Channel changes are natural and ongoing processes for streams, and are a significant part of how
important aquatic habitat forms and is constantly renewed. Channel migration can occur gradually over a
period of years or rapidly during one flood. Some reaches of a creek or river channel are confined by
natural terraces, bedrock, or substantial armored levees and generally show little recent channel
migration, in unconfined reaches or on alluvial fans and deltas, however, streams can have considerable
channel changes.

The floodplains of the lower Nooksack River and the South Fork are in broad, glacially modified valleys.
The upper Nooksack and the upper parts of the North Fork, Middle Fork, and South Fork are relatively
narrow and bounded by mountainsides (Collins and Sheikh 2004). The widths of the floodplains of the
three forks are narrowed in two locations by two large Holocene landslides (in the North Fork at river
mile [RM] 44 and the South Fork near the North Fork confluence), and bounded elsewhere by Holocene
fluvial and Pleistocene glacio-fluvial terraces (North Fork and South Fork) and lahar terraces (Middle
Fork) (Collins and Sheikh 2004). The lower Nooksack River (RM 6 to RM 20) has built a narrow
meander belt several yards higher than the rest of the valley. The valley bottom of the historically
anatomizing channel, and currently braided upper Nooksack channel (RM 24 to RM 37), has a
“corrugated” cross-valley profile associated with multiple channels and sloughs (Collins and Sheikh
2004). Much of the South Fork Nooksack River channel combines characteristics of both the upper and
lower Nooksack River.
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Collins and Sheikh (2004) evaluated the historical channel positions for the Nooksack River from the
river’s mouth to RM 58 (the town of Glacier) on the North Fork, the Middle Fork to RM 5 (Heislers
Creek above the Mosquito Lake Bridge) and the South Fork to RM 16 (downstream of the Skagit County
line). Their analysis documents channel migration rates for the period of historic records that includes the
influence of historic and existing infrastructure. Average annual migration rates are lowest in the delta
(exclusive of several distributary channel avulsions) and the lower Nooksack (RM 6 to RM 20), which
were characterized by small amounts of meander migration, averaging only about 3.3 ft/yr (1 m/yr) in the
delta and lower part of the lower Nooksack (RM 6 to RM 15), and about 13 ft/yr (4 m/yr) in the upper
part of the lower Nooksack (RM 15 to RM 20) (Collins and Sheikh 2004). Rates were also low in the
South Fork, averaging 16.4 ft/yr (5 m/yr) in the segment downstream of the canyon (SF RM 0 to SF RM
13), and 9.8 ft/yr (3 m/yr) and 13 ft/yr (4 m/yr) since 1933 in the South Fork canyon (SF RM 13 to SF
RM 16). Migration rates in the upper Nooksack (RM 24 to RM 37), and especially the lower part of the
upper Nooksack (RM 24 to RM 31) were much higher, 56 ft/yr (17 m/yr) since 1933 (Collins and Sheikh
2004). Rates were also high in the lower North Fork (RM 37 to RM 40), averaging 59 ft/yr (18 m/yr)
since 1933. The upper North Fork (RM 40 to RM 58) and the Middle Fork had rates of 26 ft/yr (8 m/yr)
and 29.5 ft/yr (9 m/yr) since 1933.

2.2.2.2 Alluvial Fan Hazards

Alluvial fans are a landforms built by sediment deposition and channel migration. Alluvial fans are
localized areas of increased sedimentation downstream of locations where laterally confined creeks or
rivers expand (Collinson 2002). Confinement is usually within a narrow valley or ravine eroded into an
area of high relief; expansion is usually where the stream hits the low gradient valley floor, lake, or
coastal plain. The classic fan shape (often modified by local terraces or valley wall conditions) is built
because of the typically rapid migration and avulsions (jumping) of the main and secondary channels,
responding to large amounts of sediment and trees that deposit in the currently active channels.

Alluvial fans form when sediment delivery rates from eroding uplands exceed sediment transport rates on
the fan. Flow expansion results in a reduction in depth and velocity of flood waters or debris flow
sediment, resulting in loss of energy and deposition of sediment and large woody debris (LWD)
transported from the more confined and higher-gradient reaches upstream (Collinson 2002). Alluvial fans
are built of coarse sediment consisting of blocks (rocks >2ft), boulders, cobbles, and gravel; channel and
debris flow deposits; gravel, sand, and fines deposited overbank; and, in forested regions LWD derived
from bank and valley wall erosion and landslides during large floods and especially debris flows.

Fans formed by stream transport and deposition are called alluvial fans; those formed by debris flows,
rockfall, or raveling are called debris fans. Often they form by a combination of these processes and are
called alluvial/debris fans or more generally just alluvial fans, which is the term that will be used in this
review. Most of the fans in Whatcom County are built at the mouth of mountain streams, and are formed
by both river and debris flow events (Orme 1989).

Alluvial fans vary in size from small features a few yards in radius to large features several miles or more
across. Alluvial and debris fan areas present a hazard to people and facilities because channel changes and
sediment deposition can occur rapidly during moderate to large floods or debris flows. Floods and debris
flows from mountain watersheds have high velocities and can transport large amounts of woody debris
that can be very damaging as it moves across and deposits on the fan. Steep mountain valley walls, high-
gradient mountain streams, forest roads, and logging can generate debris flows that scour the channel and
send floods full of sediment and trees to the fans, destroying everything in their path.
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Upland watershed conditions influence the deposition and channel changes of alluvial fans, but even fans
formed by undisturbed watersheds continually change through channel shifting and sediment deposition.
The frequency of floods from a watershed controls the growth of alluvial deposits on fans. Flood
frequency is controlled primarily by the frequency, magnitude, and duration of precipitation, as well as
the runoff characteristics of the watershed. Debris flows are motivated by these same precipitation
conditions and by the conditions of the valley walls and stream channels. In January 1983, warm rains
falling on snow in the forested Cascade foothills generated debris flows and floods leading to rapid
deposition on 20 alluvial fans (Orme 1989).

The limited detailed alluvial fan studies in the region indicate debris flows and floods leading to net
deposition and sudden creek migration have an average return interval of about 60 to 70 years (Orme
1989, 1990). Sediment cores from Lake Whatcom show 7 very large and 43 large events over the past
3,370 years, an average recurrence interval of 67 years; the 1917 and 1983 events caused considerable
damage to roads, utilities, structures, and loss of life (Orme 1990).

Kerr, Wood, and Leidal (2003, 2004) evaluated data collected by Orme (1989, 1990), deLaChapelle
(2000), and their own analyses of Jones Creek (2004) and Canyon Creek (2003), and found small debris
flows (10,000 to 50,000 cubic yards) depositing on the Jones Creek fan. This equates to an average return
interval of 20 to 100 years for a 5 percent to 1 percent chance of a small debris flow occurring in any
given year. Kerr, Wood, and Leidal (2003, 2004) found larger events (over 100,000 cubic yards of
deposition) to have an average return period of about 400 to 600 years, or 0.25 to 0.16 percent chance of
occurring in any year.

During floods, sediment and LWD are deposited on the upper fan, shifting the main flood channel to
either side or the center of the fan. In narrow high-gradient valleys, landslides or debris jams can
temporarily dam the valley and then break, forming a dangerous flood and debris flow that surges
downstream and across the alluvial fan. Deposits revealed by field investigations of scoured upstream
channels and source areas of debris flows and excavations in alluvial fans suggest the danger posed by
such events; when they occur we need to be out of their way (Orme 1987; Stoker 1983).

2.2.2.3 Landslide Hazards

Landslide hazard areas are those portions of the landscape that have existing landslides or are at risk of
future failure. Mass movement or mass wasting is the more general classification that includes landslides.
Mass wasting includes the downward and outward movement of slope-forming materials including rock,
soils, artificial fills, and combinations of these materials (Gray and Sotir 1996). Mass wasting is a
problem in coastal and inland areas of Whatcom County. Another type of mass wasting that is often
associated with landslides is surface erosion, consisting of detachment and transport of individual
particles, as discussed in Section 3.2.2.4. Landslides are also associated with earthquakes and volcanoes,
and are discussed further in Section 3.2.2.6.

Landslides involve the sliding, toppling, falling, or spreading of relatively large and often fairly intact
masses along a failure surface or combination of surfaces (Gray and Sotir 1996). Landslides are generally
classified based on the type of movement and slide materials (Varnes 1978). The geologic processes and
mechanics of landslides are well understood but the site-specific conditions of individual slides can be
quite variable (Burroughs et al. 1976; Chatwin et al. 1991; Varnes 1978; Selby 1993; Montgomery et al.
1998).

Several mass wasting classification systems are available for detailed studies, but these can be simplified
into shallow slides that occur fairly rapidly, and those that are deeper and typically occur over extended
time periods (Washington Forest Practices Board 1997). The main landslide types occurring in Whatcom
County include shallow rapid translational slides (also called translational slides), rockfalls and debris
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flows that occur rapidly, and deep-seated rotational slides (also called slumps) that typically occur more
slowly.

Shallow Rapid Translational Slides

Translational slides occur along relatively shallow, fairly planar failure surfaces. Because they occur
rapidly they are also called shallow rapid translational slides. Shallow rapid translational slides are
especially common in the Pacific Northwest because of steep topography, surface materials, and moisture
conditions; they are easily formed by ground disturbance, concentrated runoff, logging, and roads.
Alteration of slopes by development or roads intercepts surface and shallow groundwater; removing
vegetation increases surface runoff and shallow groundwater; and diversion and concentration of
increased water runoff down steep slopes reduces stability of the surface soils, causing slides and erosion
(Montgomery et al. 2000; Bunn and Montgomery 2004; Church 2002; Gomi et al. 2002; Dunne and
Leopold 1978; and others). The number, size, and frequency of shallow translational slides are increased
by slope development such as road building, logging, clearing and grading, or other ground disturbing
activities. Run-out of translational slides often extends far downslope until a low-gradient bench or valley
bottom is encountered. Depending on site and moisture conditions, translational slides can form into
debris flows. Consequently, the risks associated with the slide source areas and run-out paths can be
hazardous and need to be evaluated in planning studies.

Rockfall

With rockfalls, the slide material travels mostly through the air and movement is very rapid. Movement
includes freefall, tumbling, and rolling of fragments of rock or highly compact glacial soils (Norman et al.
1996; Chatwin et al. 1991). Rockfalls typically originate from steep cliffs or mine faces, and form a debris
wedge or fan in the accumulation zone. Material strength, surface gradient, joint pattern and spacing,
geologic contacts, groundwater, and faulting are some of the primary factors related to rockfall
occurrence. Run-out from the source area can extend quite far on steep slopes. Typically, however, debris
forms a wedge or debris fan at the toe of the source area, and is identified by landform shape, slope
position, and a mix of angular, often well-drained fragments of various size. Over time the accumulation
zone can become overly steep and prone to secondary ravel, and translational slides can occur. Rockfalls
are common in the main mountain areas, along mountain highways and railroad lines, and along coastal
bluffs in Whatcom County.

Debris Flows

Debris flows are common in upland creeks, swales, and slopes in Whatcom County. They can be
triggered by valley wall translational slides, slumps, road fill failures, diversion of surface water, logging,
and other ground disturbance on the valley walls or channels of steep hill or mountain areas. Debris flows
occur rapidly and travel down the creek to low gradient reaches or the valley bottom where the debris
comes to rest in debris deposits or alluvial fans. Active flows accumulate additional material by scouring
the hillslope colluvium or valley bottom alluvium down to bedrock or dense glacial deposits, and by
carrying along the trees in the debris path. Debris flows can be small, originating from a small drainage
and moving a short distance down slope more often, debris flows are 100 to 200 feet wide and travel one-
half to several miles down slopes or creek drainages. Very large debris flows may be caused by a glacial
outburst flood or collapse of a volcanic cone, as occurred at Mt. St. Helens in 1980. Debris flows can stall
partway down a confined channel or at channel junctions, forming a temporary dam that breaks and
results in an even larger debris flow downstream. This was what occurred on the Mills Creek debris slide
during the 1983 storms, causing several waves of destruction down valley. Slides along confined valleys
can block the channel, forming a dam that can also start a debris flow.
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Hillslope development can contribute to debris flows by intercepting surface or shallow groundwater and
diverting it down swales or into the heads of small mountain creeks. The addition of water to these areas
reduces soil strength by increasing saturation. In addition, hillslope development is often associated with
removal of trees, which further reduces the soil strength through loss of root reinforcement.

Debris flows move rapidly, leaving little time to move out of the way; facilities in the valley bottom of
the steep confined creeks and their associated alluvial fans are at risk. Huge debris flows and lahars are
types of mass wasting associated with volcanoes, and will be discussed further in the Volcanic Hazards
section (3.2.2.6).

Deep-Seated Rotational Slides

Another common type of landslide is rotational slides or slumps. Such slides are often deep-seated and
have a bowl-shaped or broad curving failure surface with a steep headwall scarp and additional scarps in
the slide mass. Rotational slumps can be small, covering only a few yards (as is common along road cuts),
or they can be very large, covering many square miles, like the slides that partially block the three
Nooksack forks. Slumps and deep-seated rotational slides are common in glacial tills and glacial lake
deposits. Source areas are associated with over-steepened valley walls with thick glacial deposits,
geologic contacts, and groundwater conditions. They often occur over many months or years. Thus,
human actions that alter surface conditions have relatively minor effects compared to the forces involved
with the slide formation or activity.

Larger deep-seated rotational slides are characterized by a constantly shifting surface layer. Such shifting
poses hazards to buildings, roads, and other facilities. Remedial actions to slow the slide can be costly,
and often the slide is so big that little can be done to mitigate its motion. Even small slumps can be
difficult and costly to deal with. In some cases, deep-seated rotational slides can be initiated or reactivated
by earthquakes or changes to water conditions related to logging road construction or other activity. Large
deep-seated slides can block creeks and rivers, changing channel directions and short-term sediment
supply. Smaller slumps in steeply cut slopes above buildings can be a hazard to people if buildings are
damaged, generally, however, motion is slow and damage to facilities is the primary hazard.

Other types of mass movement that are common in Whatcom County are soil creep and raveling. These
are ongoing gradual movements of slope materials; over many years, soil creep and raveling result in the
accumulation of thicker soils at the lower portions of slopes. Motion is too slow to present a safety hazard
but development that requires cutting into steep slopes need to plan for maintenance related to raveling
and soil creep.

Many factors influence the occurrence and severity of landslides, including slope gradient, slope shape,
surface and subsurface materials, precipitation, surface and subsurface water conditions, drainage area,
elevation, slope aspect, vegetation history and condition, roads and other ground disturbance,
earthquakes, and volcanic eruptions (Selby 1993; Montgomery et al. 1998). Extensive research and
literature exists related to landslides, based on local, regional, and worldwide investigations (Benda and
Cundy 1990; Benda and Dunne 1997; Chatwin et al. 1991; Coho and Burges 1994; Coppin and Richards
1990; Dietrich and Dunne 1978; Eisbacher and Clague 1984; Fiksdal and Brunengo 1981; Gray and Sotir
1996; Greenway 1987; Montgomery and Dietrich 1994; Montgomery et al. 1998; Selby 1993; Thorsen
1989; Tubbs 1974a, b; Varnes 1978, 1984; Wieczorek 1984; Wu et al. 1993; and numerous others).

Glaciers eroded steep bedrock valley walls and deposited compact lake-bottom clays, dense advance
outwash sands, and tills throughout the County. These deposits are often eroded by creeks and rivers,
forming steep slopes and valley walls. Steep slopes are one of the main factors leading to landslides, and
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are often used as a first-level screening for identifying landslide hazard areas. Glacial materials typically
grade from fine grained glacial lake and advance outwash deposits overlaying glacial tills and recessional
outwash. Contacts between relatively permeable loose sandy slope materials and the denser less
permeable lower layers, often lead to saturated contacts were slides can form (Tubbs 1974a). Some of the
denser surface materials are stable when undisturbed, but can become unstable when excavated.

Loose recessional outwash and slope colluvium typically overlie rock or dense glacial clays or fine-
grained advance outwash. Water builds up during wet periods, and shallow translational slides or small
slumps form in the surface material. Water soaking into the ground from rainfall or snowmelt, shallow
groundwater from upslope, deep groundwater from cracks in the rock or compact glacial materials, or
water intercepted, diverted and concentrated by roads or other ground disturbing development reduce the
internal soil strength beyond the forces pulling it down slope, and slides occur.

Vegetation cover plays an important part in controlling landslide formation. Vegetation reduces shallow
groundwater by interception and evaporation; in addition, the complex web of roots reinforces the soil.
Many surface soils on slopes over 22 degrees do not have enough strength between the individual soil
grains and it is the additional strength provided by deep roots that holds the slope together. Consequently
ground or vegetation disturbance on slopes can easily cause landslides depending on the slope, surface
materials, water, and vegetation conditions.

Landslides and slope stability are analyzed using the infinite slope, circular arc, or other similar
approaches (Selby 1993; Montgomery et. el 1998; Gray and Sotir 1996; and others). Reduction of
landslide hazards has been an ongoing effort in the region, with numerous regional and local studies
appearing since the 1970s (Artim 1973a,b; Booth 1989; Miller 1973; Thorsen 1989; Tubbs 1974a,b and
many others).

Landslide hazard areas can be estimated using the criteria outlined in the WAC (see the Introduction to
this chapter). Inland landslide hazard areas have been estimated in Whatcom County by identifying areas
between 15 and 35 percent slope that have permeable sediments over impermeable sediments/bedrock.
Other potential hazard areas include groundwater seepage or springs; slopes greater than 35 percent; and
unstable slopes caused by stream incision, bank erosion, or wave action. These areas tend to be
concentrated in the foothills and mountains as well as in scattered drainage ravines throughout the
County.

2.2.2.4 Erosion Hazards

Undisturbed areas of the Pacific Northwest typically have dense vegetation, decomposed organic
material, and loose surface soils. These features reduce water runoff and associated surface erosion and
rilling. Runoff and erosion can occur when vegetation or surface soil layers is removed. If left unchecked,
erosion areas can grow into problem areas delivering significant amounts of sediment to lakes, streams,
and wetlands and possibly leading to landslides. Erosion is also related to channel migration, volcanic
activity, coastal processes, agriculture, and clearing and grading. This section focuses mostly on erosion
related to ground disturbance in inland areas of Whatcom County.

Vegetation, landform shape, slope gradient, slope length, soil type, rainfall intensity, drainage conditions,
and other factors can be used to identify erosion-prone landtypes. Soil surveys are very useful in
identifying the main erosion hazard areas. The Whatcom County soil survey (Goldin 1992) identifies soil
units that have severe erosion potential. These include soils in the Gallup, Hartnit, Heisler, Hinker,
Hovde, Klawatti, Oakes, Kulshan, and Fishtrap soil series.
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Any type of soil can erode when disturbed, but not all erosion is transported to adjacent properties or
surface waters. Consequently, the proximity of ground-disturbing activities to surface waters, in any soil
type, will often determine the type or level of risk associated with erosion hazard areas. Soils that are
impermeable or minimally permeable generate surface water runoff and begin to erode sooner than very
porous soils. Vegetation, the organic duff layer, small depressions, and soil density all minimize runoff
and erosion.

Many of the erosion-prone soils in Whatcom County are associated with steep slopes or loose silty soils.
Because they often overlap, erosion and landslide hazard areas are sometimes grouped together for
regulatory purposes. Whatcom County however, has many more areas with erosion hazards compared to
landslide hazards. These include erosion hazards at construction sites, which are typically addressed
through grading and building plans, and erosion hazards related to land or resource management, which
can generate large amounts of eroded material.

In Whatcom County, erosion is regulated through a variety of WCC chapters and building standards. The
main erosion control provisions are identified in the soil conservation agreement Code 1.42.010, where
the Whatcom Soil Conservation District agrees to bring to the attention of the County any evidence of
deterioration, erosion, or conditions not compatible with the principles of soil and water conservation and
flood control on County-owned lands, roads, or other property. Erosion is also regulated through the
Department of Ecology Phase II Storm Water regulations that require a General Construction NPDES
Storm Water permit for all clearing activities greater than 1-acre.

2.2.25 Seismic Hazards

Ground shaking and ground failure are the major factors leading to loss of life and property damage
during earthquakes (Rogers et al. 1998). Seismic hazard areas are subject to a severe risk of damage as a
result of ground shaking, differential settlement, or soil liquefaction caused by earthquakes. The main
seismic hazards in Whatcom County include ground shaking, ground breakage, coastal and inland
landslides, liquefaction, coastal and inland lake tsunamis, seiches, and shoreline slumps. The damage
caused by seismic activity is dependent upon the intensity of the earthquake, its proximity to developed
areas and population centers, the slope, thickness, consolidation, and moisture conditions of the surface
and subsurface materials, and many other factors.

In the past, the primary areas considered to be at the greatest risk of earthquake damage were areas where
surface deposits of manmade fill or partially decomposed organic material average at least five feet in
depth, filled wetlands, and areas of alluvial deposits subject to liquefaction. Regional and world wide
investigations over the past 60 years have shown that seismic risk is far more complex and extensive.

In the 1940s and 1950s, understanding of the need to include earthquake loadings into building designs
slowly began to emerge in the west coast region (Kennedy 1996). There was resistance to adoption of
building codes like the uniform building code because of political and economic fears and a lack of
detailed evidence that earthquakes were a real risk in the region. More evidence of earthquake risks along
the west coast motivated an approach where the region was segmented into seismic zones and additional
analysis or earthquake loadings were added to the uniform building code through the 1960s. There was
still considerable uncertainty and discussion on the zone boundaries.

Through the 1970s and 1980s, additional records and analysis of regional earthquakes and geologic
mapping started to bring into focus the regional earthquake risks (Noson et al. 1988; Gower et al. 1985;
Washington Geologic Newsletter 1987; and others). At the same time analysis of structural failures from
earthquakes started to reveal a close relationship between seismic characteristics of a site and its response
to seismic loading (Bourgeois and Johnson 2001; Kennedy 1996; Satake et al. 1996; SPNSN 2001;
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Williams and Huthinson 2000; Yamaguchi et al. 1997). This makes a simple zone approach to building
design less effective if specific features at the site are also an additional controlling factor.

There was resistance to additional seismic loading requirements from proponents of critical structures
during the 1970s and 1980s because of the large costs involved, but local and regional evidence of
seismic hazards became overwhelming, based on numerous local and regional faults and earthquake
monitoring. Geologic understanding developed in the 1980s and 1990s, based on the now well
documented plate tectonic theories, identified the sources and mechanics of west coast earthquakes
(Gower et al. 1985; Hyndman 1995; Atwater 1986, 1997; Schuster et al. 1992; Jacoby et al. 1992, 1997;
Heaton and Hartzell 1986; Adams 1990; Applied Technology Council 1994; Rogers et al. 1998 at
http://pubs.usgs.gov/prof/p1560/; and numerous others).

Washington is situated on the collisional boundary between two tectonic plates. The offshore Juan de
Fuca plate is pushing into and under the North American plate at a rate of about 3 to 4 centimeters pr
year. At the same time, the northward-moving Pacific plate is pushing the Juan de Fuca plate north,
causing strain to accumulate (Riddihough 1984; Heaton and Hartzell 1986). Small to extremely large
earthquakes are caused by the slipping and abrupt release of the accumulated strain related to the juncture
of these three plates. The motions of these three plates can also build up strains on the crust underlying
Whatcom County causing shallow breaking (faulting) and local earthquakes.

These regional seismic conditions combine with local site conditions to create earthquake hazards. Areas
are at risk of damage from local shallow earthquakes, large regional great earthquakes. Even areas with
stable site conditions are at risk of shaking damage from large earthquakes. Areas such as the marine
shorelines, steep slopes, fill or loose saturated sediments, and areas closest to the main active local faults
have a high probability of damage due to ground shaking, liquefaction, ground breakage, differential
settling, or landslides (Noson et al. 1988; Heaton and Hartzell 1986; McCulloch 1966; McCulloch and
Bonilla 1970; Foster and Karlstrom 1966; Hansen 1966; Plafker 1969; Wilson and Torum 1972; Schuster
et al. 1992; Jacoby et al. 1992; Bucknam et al. 1992; Crozier 1992; Keefer 1983, 1984, 1994; Brown and
Dragovich 2003).

Proximity to the fault that causes an earthquake is a major factor in determining how much seismic
energy impacts the local area. Small earthquakes on faults in Whatcom County can cause ground shaking
similar to larger earthquakes centered farther away. The entire County is tectonically active, as the
mountains and valleys are being moved and uplifted by region-wide pressures created by the motion of
the ocean crust into and under the continental crust (Atwater 1987, 1988). Moderate quakes on local
Whatcom County faults, or larger ones farther away, can both be very damaging. Some of the main faults
in Whatcom County such as the Vedder Mountain fault, Sumas fault, and dozens of others have been
identified, but additional faults are likely present in this highly fractured and tectonically active region.

2.2.2.6 Volcanic Hazards

Mount Baker is a steaming, ice-mantled, andesitic stratovolcano that is the most conspicuous component
of a multivent Quaternary volcanic field active almost continuously for the past 1.3 million years
(Hildreth et al. 2003). Future activity is likely to create a variety of hazards for the region. Mount Baker is
the most likely source of volcanic hazards in Whatcom County, but other nearby volcanoes such as
Glacier Peak, Mount Rainer, Mount St. Helens, Mount Adams, or Mount Hood, could deposit ash in the
area. Volcanoes like Mount Baker are capable of violent eruptions that deposit enormous amounts of
material over the landscape (King County 2004). Worldwide, over 200,000 people have been killed by
volcanic hazards in the past 500 years. This is far more then in previous centuries because of the
increased numbers of people living near volcanoes (Tilling 1991).
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Geologic hazards related to Mount Baker include debris flows (lahars), ash (tephra) fall, landslides or
debris avalanches, pyroclastic flows and surges, ash clouds, ballistic debris, lava flows, and lateral blasts
(Gardner et al. 1995; Hildreth et al. 2003; Swan 1980; Majors 1978). These and other similar hazards
have occurred recently in western Washington (Mount St. Helens) and are clearly identified in the
geologic record of Mount Baker and the other similar nearby active Cascade volcanoes such as Glacier
Peak and Mount Rainer. Glacial ice has influenced eruptions and amplified erosion throughout the
lifetime of the volcanic field (Hildreth et al. 2003). Existing information suggests lahars may be the
greatest volcanic hazard in Whatcom County because of the distance they can travel down valleys and
their frequent history at Mount Baker and nearby volcanoes (Hildreth et al. 2003). Lahars and ash fall are
triggered by volcanic eruptions, but some types of debris flows and outburst floods can occur without
apparent volcanic activity.

Debris Flows or Lahars

Debris flows are dense slurries of water-saturated debris (including rock, soils, and trees) that form when
loose masses of material move downslope (Gardner et al. 1995). They are sometimes called lahars when
derived from a volcano and can also form from a pyroclastic flow (discussed in the next section) (Gardner
et al. 1995). They often occur during eruptive periods or from thick, steeply sloped deposits years after an
eruption, but also occur without any apparent association to eruptive events.

Stratovolcanoes like Mount Baker are composed of an accumulation of relatively weak rock and ash
deposits that are altered by weathering and hot fluids. Such volcanoes are very steep because of glacial
erosion, dome building, and landslides. This leaves them vulnerable to small and large debris flows that
can move great distances down valleys at speeds of 6 to 90 miles per hour, with average speeds of 20 to
40 miles per hour. Debris flows grow larger as they move down valley, scouring the valley bottom and
picking up additional water, sediment, and trees.

Debris flows from Mount Baker pose a risk to life and property from burial or impact. Debris flows
follow existing drainages; the risk tends to decrease with distance downstream and with height above the
river channel. They are a hazard in association with volcanic eruptions and for many years following
major eruptions; as accumulated loose material is remobilized during wet periods. Debris flows have
moved down all of the Mount Baker drainages (Gardner et al. 1995). Small debris flows (<0.002 cubic
miles) travel up to a few miles from the source areas and are more often associated with wet periods and
not directly related to eruptions. Since 1958, six debris flows have originated from Sherman Crater and
moved 2 miles down valley. Moderate-size debris flows (0.002 — 0.02 cubic miles) on Mount Baker have
occurred with and without eruptions and traveled 6 to 9 miles reaching just beyond the flanks of the
mountain.

One large debris flow from Mount Baker, exceeding 0.02 cubic miles in volume, does not appear to be
associated with an eruptive event. It traveled 7.5 miles down Sulphur Creek valley and more than 7.5
miles down the Middle Fork Nooksack. It was at least 325 feet thick in the Middle Fork, and deposits
from this debris flow are mapped as far as Deming. Downstream of Deming the deposits are buried by
more recent river deposits but analysis indicates they likely extended all the way to Puget Sound (Gardner
et al. 1995). Debris flows of this size or much larger are possible from Mount Baker. Such flows would
profoundly alter river locations and the valley bottoms.

Volcanic hazards are usually dealt with by establishing hazard zones around the mountain based on
available knowledge. Much of the destruction related to the Mount St. Helens 1980 eruption could have
been avoided if land use planning based on volcanic hazard zones had been used (Schuster 1981; Waldron
1989). Mount Baker volcanic hazard zones related to debris and pyroclastic flows were estimated by the
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USGS in 1995 (Gardner et al. 1995) (Figure 2-1). The Proximal Pyroclastic Flowage and Inundation Zone
II classifications are areas where development should be limited to temporary-use, day-use, or expendable
facilities. Inundation Zone I includes areas where development of critical structures would typically be
limited. Further detailed geologic mapping and dating of eruption deposits around Mount Baker may
allow Inundation Zone I to be divided into several hazard zones, similar to results of additional studies
around Mount Rainier (Crowley and Zimbelman 1997; Moran et al. 2000; Reid et al. 1999; Vallance and
Scott 1997; Vallance et al. 2002).
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Figure 2-1. Mount Baker Volcanic Hazard Zones Related to Lahars or Pyroclastic Flows

The proximal pyroclastic flowage and Inundation Zone II are areas where development should be limited to
temporary use, day use, or expendable facilities. Inundation Zone I includes areas where development of critical
structures would be limited.

Pyroclastic Flows, Pyroclastic Surges, and Ash Clouds

Pyroclastic flows occur during explosive eruptions. Pyroclastic flows or surges are avalanches of hot
(300° to 800° C), dry volcanic fragments and gasses that travel down the flanks of the volcano at speeds
up to 200 miles per hour. The mass, high temperature, and great mobility of pyroclastic flows makes them
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very destructive and dangerous, posing a lethal hazard by incineration, asphyxiation, burial, and impact.
They are difficult to escape because of their high speed, so evacuation must begin before they occur.
Prediction and cautious area closures are essential to hazard management in areas susceptible to
pyroclastic flows.

Pyroclastic flows tend to follow existing valleys, and have enough energy to overtop ridges and hills.
Pyroclastic surges are even more energetic events associated with pyroclastic flows, and are less restricted
by topography. Debris flows can be generated when pyroclastic flows interact with snow or ice. Because
of the extensive ice and snow on Mount Baker, pyroclastic flows from the upper slopes are likely to form
debris flows; large ones would move downstream as debris flows or floods (Gardner et al. 1995).

One period of pyroclastic flows has been identified on Mount Baker in the Boulder Creek area. It includes
11 pyroclastic flows and related deposits forming a large fan on the shore of Baker Lake. Pyroclastic and
debris flow hazard zones were estimated by the USGS for Mount Baker in 1995 (Gardner et al. 1995) (see
Figure 2-1).

Landslides and Debris Avalanches

Landslides and debris avalanches can occur from volcanoes; like debris flows, such events may not
necessarily be accompanied by an eruptive event. Landslides or debris avalanches from volcanoes can
range from relatively small slides off of the steep, often glaciated slopes, to large slides similar to the one
that led to the 1980 eruption of Mount St. Helens. The 1980 Mount St. Helens eruption started with
swelling of the mountain that made the north side overly steep and unstable, leading to a massive
landslide that led to the eruption (Schuster 1989). The north and northeast sides of most of the Cascade
volcanoes are very steep because this is where alpine glaciers have been more active, as was the case with
Mount St. Helens. When volcanoes swell, as new lava pushes up under the mountain, the steeper sides are
more vulnerable to landslides. Over dozens to hundreds of years, dense lava typically pushes up,
rebuilding the top of the mountain, often with a slightly different center, eventually setting the stage for
another eruption. Smaller landslides are very hazardous only on the slopes and valleys around the
volcano; large ones can travel many miles down the valleys, forming into debris flows (Scott et al. 2001).

Ash Falls or Tephra Plumes

Ash or tephra is ejected rapidly into the air during eruptions. The distance this material travels and the
depth to which ash and larger rock fragments may cover the ground depends on distance from the
mountain and the prevailing wind directions during the eruption (Wolfe and Pierson 1995; Gardner et al.
1995). The larger particles falls near the mountain and finer ash fall further downwind. Ash fall hazards
can vary from life-threatening to a nuisance. Ash plumes are a hazard to aviation, causing damage to
engines that can result in loss of power; in addition, ash particles can block visibility, sandblast
windshields, and generate a lot of lightning (Casadevall 1994). High ash concentrations can make
breathing difficult and collapse roofs, especially if wet. Wet ash four inches thick places a load of about
20 to 25 pounds per square foot (Wolfe and Pierson 1995). Even low concentrations of ash are damaging
to car or other engines, can short out power lines, damage crops, and disrupt regional social and economic
activity (Schuster 1989).

Upper elevation winds in Whatcom County come from the east only about 10 percent of the time, which
means the eastern portions of the County face the greatest risk of ash fall, rather than the primary
populated areas to the west. Winds blowing to the west are often strong, however, two of the six main
1980 ash eruptions at Mount St. Helens were spread to the west.
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Ballistic Debris

Ballistic debris includes pebble- to boulder-size rock fragments blown from the volcano during steam
explosions or eruptions. Rocks can be blasted up to about six miles into the sky. During active volcanic
periods, high-speed impact by falling debris can pose a significant hazard.

Lava Flows

Lava flows are masses of hot, partially molten rock that flow from the volcano. They typically follow
existing valleys. Lava from Cascade volcanoes is very stiff because of its mineral composition and
consequently flows very slowly. Lava flows are usually not a safety risk because they flow slowly and
their paths can be estimated once they start. Lava flows can generate debris flows if in contact with ice or
snow. They can damage structures by burial or burning because they generally cannot be stopped, and
also can start forest fires.

Lateral Blasts

Lateral blasts are an explosive eruption where much of the energy is directed horizontally away from the
eruptive center instead of up. They vary by size and large ones are rare; the Mount St. Helens 1980
eruption is the classic example of a lateral blast. In that blast a 570° F mixture of rock, gas, and ash
moved up to 650 miles per hour crossing over ridges as high as 2,500 feet above the valley floor and
extending up to 15 miles from the source (Gardner et al. 1995). Most trees in this zone were knocked
down and nearly everything perished. Lateral blasts are not well understood; the Mount St. Helens blast
was the first time they were recognized. The lateral blast there was preceded by several months of
deformation of the mountain, so the hazard zone may be predictable with further research and monitoring
(Gardner et al. 1995) (Figure 2-2).
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Figure 2-2.  Area around Mount Baker that Could Be Affected By a Lateral Blast Similar
in Size to the May 18, 1980 Mount St. Helens Blast.

The lateral blast would not affect this entire circumference, but only a 90- to 180-degree portion of this

area (Gardner et al. 1995).

Whatcom County Planning and Development Services 553-1687-003
BAS Code Recommendations 2-18 May 2005



2.2.2.7 Mine Hazards

Mine hazards in Whatcom County mostly relate to coal mines that were active in the late 1800s and early
1900s. Mine hazard areas are underlain by abandoned mine shafts, secondary passages between shafts,
tunnels, or air vents. Mine hazards include subsidence, which is the uneven downward movement of the
ground surface caused by underground workings caving in; contamination to ground and surface water
from tailings and underground workings; concentrations of lethal or noxious gases; and underground
mine fires (WCC 16.16.330).

The Whatcom County Geologic Hazard Map (1997) shows mine hazard areas at abandoned underground
mines and known mine areas. Typical hazards related to abandoned coal mines include local subsidence
and entrance or air shaft collapse. Other less likely hazards include underground fire, air emissions, and
water quality impacts. Evaluation of individual sites in known mine areas can be used to guide
development in these areas or to support avoidance of the area. The shallow mine areas in Whatcom
County appear to be fairly well known from historic reports.

2.3 HUMAN ACTIVITY AND GEOLOGICALLY HAZARDOUS AREAS

Natural geologic processes create hazardous areas that are easily recognized as dangerous. In many
situations, however, the hazards are not so obvious and experienced scientists and engineers are needed to
evaluate risks. Some geologic processes are easily influenced by land management actions, while others
occur at a scale or magnitude over which we have limited control. Many types of landslides and surface
erosion are easily caused or increased above natural levels by human activities along the coast, near
streambanks, and on hillslopes. Larger slides generated by volcanic eruptions or earthquakes are not
influenced by land use management, but recognizing their potential is still important for development
planning and for safe response when they occur. Geologically hazardous areas can sometimes be
identified based on present site conditions and how events have occurred in the past. Identifying the
magnitude and frequency of past geologic events can help identify current geologic hazards; however,
conditions can change over time and the influence of past and proposed management needs to be
considered.

2.31 Coastal Geologic Hazard Areas
2.3.1.1 Bluff Stability and Drainage

The abundance of silt and clay in the bluffs, oversteepening by toe wave attack, and direction of lateral
groundwater movement toward the coastline cause water to be directed to the exposed bluff face as
seepage, which exacerbates mass wasting (landsliding) of the bluff.

Moderate to significant dispersed seepage occurs in many Whatcom County bluffs at a variety of
elevations, especially 10 to 20 feet or more below the bluff crest. The highest volumes of groundwater
observed seeping from the bluff face typically occur following prolonged heavy precipitation. Periods of
high rainfall intensity and duration (especially during saturated soil conditions) are known to trigger
landslides (Tubbs 1974a; Thorsen 1987; Shipman 2001), such as those observed locally in November
1995.
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Surface water volumes can increase and become concentrated by development of housing and roads,
which typically occurs near coastal bluffs. This is due to decreased infiltration of water and often occurs
simultaneously with increased surface water flow. Concentrated surface water can locally over-saturate
soils, which can increase “natural” slope stability problems at coastal bluffs and can often trigger
landslides. Runoff running down a driveway and rapidly across a lawn as sheet flow to the bluff face is an
example of this process. Failed septic systems also contribute to this problem. A broken drainage pipe on
a bluff face is another example. Failed drainage pipes are often observed along Whatcom County bluffs,
and likely contribute to initiating landslides. Upland drainage control could help decrease bluff seepage,
as discussed in a later section of this chapter.

Undercutting of the toe of the bluff is the long-term “driver” of bluff recession. Bulkheads and other
development can accelerate this on the beach. Winter windstorms that create significant wave attack at the
bluff toe can also trigger some bluff failures. For example, significant northwest windstorms occurred at
very high water levels in mid-December 2000 and mid-December 2001 (Williams and Hutchison 2000).
These events caused toe erosion of the bluffs and likely triggered landslides both at the time of the storm
and over subsequent wet-weather months. The January 2 to 3, 2003 southeast windstorm also coincided
with very high water periods in Whatcom County.

Clearing trees and shrubs from portions of the uplands and bank face (sometimes repeatedly) decreases
the soil-binding benefits of roots, decreases evapotranspiration rates (removal of soil water by
vegetation), and increases surface water flow concentration (Gray and Sotir 1996), and can also trigger
landslides (Menashe 1993; Shipman 2001).

2.3.2 Inland Geologic Hazard Areas
2.3.2.1 Channel Migration

Development affects channel migration in a number of ways by modifying watershed and channel
condition, and encroachment into the channel migration zone places facilities in the way of stream
changes. Along some portions of streams, channel migration occurs gradually over many years; in others
it can occur rapidly during high flows or floods when residents are often on-guard from rising waters and
flood warnings. Consequently, property damage and not public safety is the primary hazard from channel
migrations. Channel migration is a natural and ongoing process that builds and constantly changes the
channel and floodplain. Streams by their very nature are always changing in balance to water, sediment,
LWD supply, and streambank and channel conditions. However, development patterns typically develop
as if streams are static and do not change (Brooks 1988; Petts 1989). This has motivated extensive diking
and armoring of creeks and rivers in part to stop channel migration and channel changes. When these
control measures fail they can pose a risk to residents who may have assumed the structures were secure.

Construction of dikes, bank armor, constrictions like bridges and culverts, and river training works can
reduce or stop channel migration. These protection works often lead to changes in bank erosion, sediment
transport and storage, and channel migration up- and downstream of the modified areas, causing more
land losses or requiring more protection measures. Protection projects often confine the channel and
floods to a much smaller width, which can exacerate channel changes such as deposition or incision.

The natural tendency of channels to change is also influenced by increased runoff and/or bedload
sediment supply from clearing, logging, roads, agriculture, and other development actions. Increased
stormflow runoff is concentrated in creeks and rivers, causing increased frequency, magnitude, and
duration of flood flows. This in turn causes changes in the rate and amount of incision, deposition,
increased bank erosion, and related channel migration.
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Migration rates are often further increased by clearing of trees along stream banks and in the channel
migration zone. Removal of streambank trees and channel dredging removes LWD and jams of trees that
provide bank protection, store sediment in the channel, and provide important features for aquatic habitat.
Dense streambank and overbank vegetation slows water velocity, leading to sediment deposition. When
natural or managed vegetation cover is removed or modified, erosion often results (Bennett and Simon
2004). For example, one of the more effective ways to reduce bank erosion is to add log jams or rock
points spaced along the eroding streambank. This diverts the main flow energy away from the bank
similar to natural LWD jams or fallen trees, both of which depend on streambank and migration zone
trees for supply of LWD. Removal of trees and dense vegetation from the channel migration zone reduces
the stream’s ability to recruit LWD, as well as other streambank and channel buffer functions. River
processes and aquatic habitat conditions depend on the ability of the river to change and form on its own.
These functions are hampered by increased stormwater runoff, channel confinement and bank armoring,
dikes, or other projects designed to reduce channel migration.

2.3.2.2 Alluvial Fans

Natural watershed and channel processes, forest management, roads, utilities, agriculture, and residential
development can all reduce stability of valley wall slopes and streams upstream of alluvial fans. This in
turn increases the natural tendency of floods to deposit sediment and change channels on alluvial fans.
Clearing and excavation on alluvial fans can also alter channel migration and flooding areas. The soil
strength, changes to rainfall-runoff response, and drainage patterns influence the degree and extent of
instability and the subsequent occurrence of valley wall landslides and erosion. Landslides and erosion
increase sediment supply and channel migration along the channel and on the alluvial fan, resulting in
increased probability and magnitude of debris flows, large floods, and sediment deposition on the fan.
Even moderate sized floods from an undisturbed basin can shift the main or side channels across most or
all of an alluvial fan; indeed, this is how they form.

Not all portions of an alluvial fan are equally active at any given time, and it is difficult to identify or
predict which area of an alluvial fan may be active. Relatively recent activity on one portion of a fan is no
guarantee that other portions are inactive. For this reason, development on alluvial fans can be
problematic and protective dikes and channel dredging may be required in an attempt to protect roads,
bridges, and other structures. These measures are typically aimed at keeping the floods and debris flows
on one portion of the fan. Fixing the channel in one portion of the fan is often motivated by placement of
a bridge, culvert, or other structures. Intermittent dredging following a moderate or large depositional
event, or a number of smaller ones, does not guarantee adequate storage for the next floods and deposition
events in the channel; a large flood can still overwhelm the room provided for sediment storage,
ultimately sending the floodwaters or channel in alternate directions across the fan.

Developments in the channel migration zone are at risk of destruction and considerable planned or
emergency shore armoring, dredging, diking, and other measures are required to control channel
migration on developed alluvial fans. Critical structures like bridges can be built to survive most floods,
but it is often economically and technically impractical to build houses and other facilities to those
standards. Consequently avoidance, limitations of the types of development, and buffers on the channel
migration zone, and not just the present channel location, can be used to reduce damage or losses in or
near the channel migration zone of alluvial fans. Alluvial fans and adjacent areas are presently regulated
in WCC 16.16.340. The purpose of these regulations is to minimize or avoid the need for construction of
flood control devices on alluvial fans and to allow for natural hydrologic changes along rivers and
streams.
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2.3.2.3 Landslides and Erosion Hazards

People affect landslide erosion hazard areas by clearing vegetation, grading and excavating, modifying
drainage, and developing on steep slopes. Clearing changes the overall stability of a slope and often
increases runoff, erosion, or landslide hazards down-slope or down-stream. Clearing and grading reduce
or remove the interception of precipitation provided by vegetation, the litter and loose surface soil layer,
and on-site ponding that occurs during short periods of intense rainfall (Konrad 2000, 2003; Konrad and
Burgess 2001; Booth 1990; Burgess et al. 1998). Removing vegetation, especially deep-rooted mature
plants, reduces or removes the strength that roots provide to the soils on river banks and steep slopes
(Bennett and Simon 2004; Gray and Barker 2004; Schiechtl 1980; Schiechtl and Stern 1996). Roads,
ditches, and clearing or modifying the vegetation and litter layer increase runoff and often generate runoff
where only infiltration previously occurred. Increased stormflow runoff is then concentrated by surface
and subsurface drains, ditches, and roads, and directed down swales and into creeks. The combined
cumulative impact of all of these management actions causes surface erosion and landslides if high risk
areas are not avoided and adequate control measures are not provided and maintained.

Shoreline erosion is affected in a similar way by excavation and grading that removes some or all of the
natural slope structure and strength. Clearing and grading along the shore and inland increase runoff that
is directed across the shore zone; causing erosion and promoting landslides. Lake and coastal shorelines,
river channels, and streambanks are naturally changing on at least an annual time scale, due to floods,
storm waves, and tides; these natural processes of change combine with development modifications,
causing even more rapid erosion and slides. Building structures, yards, roads and other development near
these active areas creates the need to “fix“ the shore, which often can adversely impact nearby neighbors,
wetlands, and aquatic habitat conditions.

Erosion and stormflow runoff damage are typically minimized by restricting, or conditioning
development and agricultural management practices. The County soil survey and GIS data can help to
identify the general slopes and materials that are most at risk of erosion. GIS analysis can identify the
general erosion and landslide hazard areas, but site-specific data and analysis will still be needed to
evaluate most ground-disturbing development actions.

2.3.2.4 Seismic Hazards

Human actions have no influence on the likelihood of occurrence, timing, or severity of a seismic event.
As a result, avoidance of high-risk hazard areas like tsunami inundation zones or landslide hazard areas
are among the few options for most structures. Evacuation coupled to a warning system is one option for
tsunamis generated by distance earthquakes but the threat from locally generated flood waves is the
greater risk in Whatcom County. With these, the warning time is limited to none.

Measures such as establishing high enough floor elevations and using properly engineered foundation
designs need to be taken to avoid the type of coastal flooding and potential wave velocity and heights
associated with tsunamis along the Whatcom County coastal and lakeshore areas. Building on fills that
are not engineered, or on delta and loose alluvial deposits along the coast or around local lakes, puts
structures and residents at great risk from large waves that are generated from submarine or shoreline
slumps. Spills and earthquake- or tsunami-related damage to fuel storage tanks, pipelines, and hazardous
materials storage areas are of particular concern in Whatcom County. Planning for safe failure of these
facilities should be an important part of risk reduction.
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Mass wasting or inundation damage from seismic events can be reduced by not building in high risk
inundation areas, building or upgrading existing structures to better survive or safely fail when large
waves hit, or evacuating if warning occurs soon enough. A warning network is used to reduce the coastal
tsunami hazard along the Pacific coast including Whatcom County; however, warning for local seismic
events and large wave hazards around inland lakes would not be fast enough to allow evacuation.

The Whatcom County building code standards are the main vehicle for reducing risks from seismic
hazards. WCC (15.28) mentions seismic bracing for fuel tanks; emergency response for earthquakes is
assigned in WCC (2.40) to the Emergency Management Director and County Sheriffs Department.

2.3.2.5 Volcanic Hazards

Human activities do not influence volcanic events, but volcanic hazards do greatly influence us (Schuster
1989). During an active period of a Cascade volcano there can be many small steam and ash explosions or
dome building events that make the immediate area around the mountain dangerous. Larger eruptions or
debris flows are not as common but do occur so that at least every few generations there is likely to be
some type of relatively dramatic event. The most effective response to these risks is emergency planning
and preparation to allow evacuation of high and moderate hazard areas and not locating critical structures
in high hazard areas.

2.3.2.6 Mine Hazard Areas

Areas over mines can experience subsidence and slumping from collapse of mine tunnels, entrances, or
air shafts. Without checking maps, property owners may not even know if mine workings underlie their
land. Known mine entrances and vents should be properly stabilized and closed to minimize risks.

24 HAZARD MANAGEMENT AND PROTECTION TOOLS

One way to address geologic hazard risk management is to acknowledge that our knowledge and ability to
predict some risks are often limited, and to use the best available information and apply a factor of safety.
This is a common approach in engineering, where the factor of safety is greater for less well investigated
problems or factors that are more difficult to predict. Safety factors vary with the development type, with
more caution taken for critical structures where failure could be more serious. With geologic hazards the
factor of safety often involves excluding some development types in some areas and defining buffers or
areas where development is restricted or allowed pursuant to special engineering or other intensive and
often more costly approaches.

Fundamental physical geologic processes need to be identified, and numerous secondary impacts may
also need to be considered. Failure to consider the entire physical and social environment that relates to a
project often results in significant public costs. For example, dikes or dredging may result in channel
changes, and clearing or drainage from roads which could result in increased runoff, increasing the size
and number of floods. Therefore, modern approaches for evaluating and regulating development tend to
include comprehensive ways of assessing and mitigating land development risks.

Geologic hazard assessments can be used to rank the relative risk associated with different hazardous
areas. Development limitations, building or other hazard constraints, and guidelines can be applied to the
moderate and high risk areas. Not all geologic processes can be influenced or controlled by human action.
However, some natural geologic processes such as erosion, landslides, and river channel migration can be
exacerbated by land use practices such as shore defense works, dredging, drainage modifications, road
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construction, vegetation clearing, and grading. Generally, designating and classifying the hazard areas are
the first steps in managing the risks and protecting human life and property. The most successful and
ultimately least costly protection from geologic hazards is often avoidance of known hazardous areas.
This includes activities on adjacent areas that may result in an increased failure hazard that moves off site,
down slope, or downstream. Other common regulatory approaches to managing hazardous areas include
restrictions on the types of developments; requirements for building setbacks, buffers, and vegetation
management; adherence to building codes; and development of monitoring and warning systems,
evacuation plans, and recovery plans. The majority of these measures are included in the County’s
existing regulations as noted below.

241 Channel Migration Hazard Areas

Channel migration areas are identified through mapping of landforms and vegetation associated with
channel migration, analysis of historic maps and photographs, and surface and subsurface geologic
studies. Identification of these hazards helps with land use planning, minimizes exposure to risks, reduces
the need for and maintenance of protection works, and reduces damage to channel conditions essential for
aquatic habitat (Brice 1977; Collins and Sheikh 2003; Dunne and Dietrich 1978; Kerr Wood and Leidal
2003, 2004; Nanson and Hickin 1996; Perkins 1996, 1993; Rapp and Abbe 2003; Shannon & Wilson
1991).

Classification of channel migration hazards can depend on many factors (Rapp and Abbe 2003). The size
of a river or creek, watershed conditions, valley bottom materials and conditions, river gradient, degree
and type of encroachment, and many other factors cumulatively create the potential for some rivers or
creeks to migrate or jump across the valley bottom. Most river and creek channels migrate to some
degree. Small creeks can be subject to substantial floods and migration similar to large rivers.

Riverine flood damage is often the result of high water impacts, combined with erosion and deposition
from channel migration or shifting. Facilities near the main river or creek channel are typically at greatest
risk unless there is bedrock or substantial bank protection. Historic encroachment near or in a channel
migration zone motivates bank armoring, dikes, channel dredging, and other measures aimed at forcing
the river into a static condition in a narrow area. This approach is often costly, difficult to maintain, has
up- and downstream impacts, and adversely affects aquatic habitat.

Natural or managed buffers along channels are often used to avoid damage to structures or agricultural
fields, reduce erosion, provide for riparian and aquatic habitat biodiversity, and protect water quality.
Buffers are often requested or required based on multiple objectives (Kondolf et al. 2003). Vegetated
buffers provide shade, bank erosion protection, and water quality protection. Common vegetated buffer
widths used for rivers and creeks vary from 50 feet to 100 feet. As channels move, the buffer can be
reduced or lost completely, reducing or eliminating the benefits of establishing the buffer.

Channel migration zones often include a portion of the flood-prone area of a river or stream, but in many
areas the channel migration zone can be a lot larger or smaller than the floodway. Geologic features such
as glacial age terraces, or bedrock banks commonly serve as boundaries to the channel migration zone.
Engineered and maintained levees are considered the channel migration boundary if they meet approved
building standards, but poorly built, abandoned, and undocumented levees often are not substantial
enough to limit channel migration or jumping.

Floodway and migration zone development that fails to acknowledge the dynamic nature of rivers has led
to a cycle of continuous development and maintenance of protection projects. The most basic but least
used approach to reducing problems related to stream channel migration is simply to allow adequate room
for stream processes. Although this approach conflicts with historic development and property ownership,

Whatcom County Planning and Development Services 553-1687-003
BAS Code Recommendations 2-24 May 2005



long-term reduction of shoreline encroachment (over 30 to 100 years) will greatly reduce flood and
channel migration damage costs and will allow for restoration of aquatic habitat, which is almost
impossible to accomplish while the encroachment still exists. Long-term planning needs to account for
and work with ongoing stream processes; this will reduce the danger from sudden channel changes,
reduce flood and river management costs, and allow for aquatic habitat improvements from protection
and maintenance projects.

An example of channel migration regulations developed for rivers similar to those in Whatcom County
are the King County sensitive area rules and guidelines related to alterations within channel migration
areas (King County Code Chapter 21A to 24). The King County channel migration regulations are based
on estimating the extent of channel changes over the past 100 years or as far back as map or ground
evidence can demonstrate. Some types of development are restricted and setback buffers are established
based on flood heights and the documented channel changes. Maps that delineate high and moderate
channel migration hazard areas have been prepared for portions of four rivers. Application of the King
County rules depends on detailed studies of historic maps, aerial photographs, and field surface and
subsurface investigations. In some areas the channel migration zone is fairly easy to define because of
older terraces or bedrock, but in others the migration zone may not be well defined.

Delineation of the channel migration zone of the Nooksack River is ongoing but high, moderate, and low
hazard zones have not been estimated. Studies are also needed to identify the boundaries of creek channel
migration zones and estimate high risk areas. The same approaches used to estimate the migration hazard
areas of rivers are used for creeks.

2.4.2 Alluvial Fan Hazard Areas

Development has been common on alluvial fans because they are outside the main river floodplains, are
relatively flat compared to the steep valley walls, are well drained, have easily accessible water supplies,
and generally have great views of the surrounding landscape. These qualities make alluvial fans attractive
development sites along the valley edges of Whatcom County.

The hazards of building on alluvial fans may not always be apparent in humid regions because dense
forest cover gives the false impression that the alluvial fans are inactive (Orme 1989). In addition,
incision of the main channels, formation of apparent terraces, short-term channel stability, sediment
routing, and the complex response of stream channels can be difficult to interpret even with extensive
detailed investigations and analysis (Cazanacli et al. 2002; Whipple et al. 1998; Muto and Steel 2004).
Past problems on alluvial and debris fans include sediment deposition, channel migration, the need for
repeated channel dredging or diking, damage to bridges and structures, and loss of life. These all indicate
that regulation of development on fans is needed to protect public safety and reduce hazards to public and
private resources. It is clear, based on local, regional, and worldwide studies of alluvial fans, as well as
local past experience, that many large or small alluvial fans can be very dangerous during storms
depending on watershed, valley, and channel conditions. It takes detailed geologic and watershed studies
to evaluate alluvial fan hazards.

Development (including road construction, logging, and even sparse residential development) in
watersheds that feed alluvial fans increases the rainfall-runoff response of the watershed. This leads in
turn to increased frequency, magnitude, and duration of flood peaks in the small valley wall swales and
creeks, as well as the main valley-bottom creek. Vegetation clearing and addition of ditches can
concentrate the increased storm runoff and intercept shallow groundwater runoff. Incision and bank
slumps occur more often, making the valley walls and channel banks less stable and more prone to
increased bedload sediment transport and debris flows. Stormwater detention to reduce runoff is required
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for most urban and suburban development, but has rarely been used for logging, rural roads, or sparse
residential development. Dense developments typically detain only a small part of the increased
stormflow, so the hillslopes and channels still adjust to flow changes. Consequently, existing or proposed
development is more at risk of flooding, increased deposition, and channel activity on downstream
alluvial fans (Booth 1989; Booth et al. 1999; Burgess et al. 1998; Konrad 2000, 2003).

Analysis of watershed, valley bottom, channel, and alluvial fan conditions are all used to assess alluvial
fan conditions. Some alluvial fans in Whatcom County have been mapped in a variety of studies, but no
single study has comprehensively mapped and classified all of them. Identifying alluvial fans is just the
first step in evaluating their potential hazards. Numerous alluvial fans are apparent on area topographic
maps, and larger ones are identified on area geology and soils maps (Easterbrook 1976a,b, 1992;
Dragovich et al. 1997; Lapen 2000; Goldin 1992). Fans that directly influence the Nooksack River
channel were mapped in a recent channel migration study by Collins and Sheikh (2004).

Alluvial fans that are more prone to debris flows and dam break conditions can be distinguished from less
active ones by analysis of valley confinement and slope models (Benda and Cundy 1990), but assessment
of risks require more extensive studies (Kerr, Wood, and Leidal 2003, 2004). Based on topographic and
watershed conditions, a first-level screening process could be used for a relative classification system to
help identify higher risk fans in Whatcom County. Such a process would employ methods and concepts
developed by Benda and Cundy (1990); Benda and Dunne (1997); Dietrich et al. (1995); and
Montgomery et al. (2003). A comprehensive classification of alluvial fans is needed in Whatcom County,
and those fans with the greatest risk to people should be studied in detail to develop approaches to reduce
hazards. The recent Canyon Creek and Jones Creek alluvial fan studies (Kerr, Wood, and Leidal 2003,
2004) are examples of the types of alluvial fan assessments that are needed for areas identified as high-
hazard alluvial fans. These studies provide a basic assessment of each alluvial fan and estimate of hazard
levels on various portions.

Strategies for mitigating damage associated with alluvial fans include moving structures out of high-risk
areas, avoiding construction in some areas, using pile filters to help remove logs and large rocks from
floods or debris flows, and building dikes and dredging channels to fix the channel location. Dredging
and dike construction can also be used to increase the channel’s capacity to store flood sediment,
minimize major channel shifting. Some problems related to safety on alluvial fans are difficult to mitigate
because of costs; in addition, common mitigation solutions typically conflict with stream aquatic habitat
conditions in many creeks. Whatcom County currently prohibits clearing within alluvial fan hazard areas
unless tree retention issues are adequately addressed.

2.4.3 Landslide Hazard Areas

Factors that affect landsliding include precipitation, channel network shape, drainage area, elevation,
relief, slope, aspect, geologic materials, vegetation history and condition, roads, and other ground
disturbance (Selby 1993; Montgomery et al. 1998). Avoidance of existing and at-risk landslide areas is
the primary management tool that responds to all of these risk factors. Land use and construction
management can respond to the vegetation and ground disturbance factors. Areas at risk of landslides can
be identified by mapping existing failure sites and classifying areas with similar conditions.

A common approach used in the past to identify landslide risk areas was to classify hazard based
primarily on slope or the presence of existing slides. Areas with gentle slopes are often considered to have
a lower risk of landslides. Slope gradients less than about 15 percent are typically classified as low
hazard. Landslide risks in low-slope areas are typically related to deep-seated rotational slides or run-out
from slides generated in nearby steeper terrain. For example, one type of low-slope landslide hazard area
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in Whatcom County is on the nearly flat deltas, alluvial fans, and unconsolidated fill or alluvium along
lakeshores or the coast.

Steeper areas have more landslides because of the greater slope, more active soil processes, and surface
and subsurface water conditions (Baum et al. 1998; Chatwin et al. 1991; Dietrich et al. 1992; Gerstel and
Brunengo 1994; Swanston 1997; Thorsen 1989). Slopes steeper than about 35 percent typically have
more landslides and are classified as higher risk landslide hazard areas for clearing and grading. Slopes
steeper than about 60 percent present an elevated slide risk with road building or tree cutting (Swanston
1970, 1978, 1980, 1981, 1989, 1997).

The County Geologic Hazards Map (Whatcom County 1997) shows areas with slopes of 15 percent or
greater and slopes over 35 percent. Site-specific mapping and analysis of slide-prone sites at the time of
development application is the current mechanism for identifying and mitigating landslide and erosion
hazard areas in the Whatcom County. WCC 16.16.310 lists a few of the minimum conditions that can
indicate landslide hazards, including soil or rock materials, slope, aspect, and water conditions. The
County limits development in landslide hazard areas unless drainage, sedimentation, and slope stability
are adequately addressed and there is no increase in hazard potential.

Recent research has shown that shallow landslide hazard models can improve estimates of landslide-
prone areas by using multiple risk factors in addition to slope (Montgomery and Dietrich 1994;
Montgomery et al. 1998). More reliable mapping of landslide risk areas can be achieved by using
computer models that classify risk based on slope gradient, slope shape, surface and subsurface geology
and soils, and valley and channel confinement and gradient. These models can be further improved by
including site factors at existing slide areas. Site-specific analysis would still be needed for evaluation of
land use proposals located in moderate and high risk slide areas identified with the area-wide models.

244 Erosion Hazard Areas

Determination of areas where erosion potential may present a hazard or deliver sediment to surface waters
is based on evaluation of soil type, slope gradient, slope length, vegetation condition, precipitation zone,
water conditions, slope position, and land use. The Whatcom County Soil Survey (Goldin 1992), and
available topographic and hydrographic data in the County’s GIS system, can be used to estimate areas of
high, moderate, and low erosion potential.

Generally it is assumed that bare soils on construction sites and agriculture fields will erode, so temporary
and permanent erosion control measures are employed to reduce soil loss and delivery to surface waters.
Soil erosion and surface water drainage are commonly administered through drainage plans, grading
plans, and erosion control plans that are a part of project design, construction, and maintenance. The
County implements special erosion and water quality regulations in sensitive watersheds such as the
Drayton Harbor, Lake Whatcom, and Lake Samish watersheds. The federal EPA Phase-2 Storm Water
regulations, administered by Whatcom County, require that a Construction General Storm Water NPDES
permit be obtained for clearing or land-disturbing activities greater than one acre. One of the main
conditions of this permit is the development and implementation of a site-specific surface water pollution
prevention plan.

2.4.5 Seismic Hazard Areas

Delineation of ground shaking and ground failure hazards by mapping and site-specific prediction
analysis is an important step in the process of reducing the effects of earthquakes (Rogers et al. 1998).
Ground-shaking and ground-failure hazard maps are valuable in land use policy development, sighting or
relocation of local government emergency facilities, and urban renewal decisions (Rogers et al. 1998).
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Seismic ground shaking and ground failure hazards are estimated based on analysis of regional historic
earthquake records, location and physical properties of geologic deposits, topography and sediment
thickness, basin geometry, water conditions, analysis of factors affecting the attenuation of ground
motion, seismic and geologic mapping of active faults, and mapping and analysis of site-specific geologic
conditions (Rogers et al. 1998). Preparation of seismic hazard maps based on this level of information is
far from complete in the Pacific Northwest (Rogers et al. 1998). Currently and in the near future,
decisions will need to be made based on applying a factor of safety to the best available information.

Building standards that are varied by building type and use are adopted to help reduce earthquake damage
and injuries. Considerable engineering is applied to the design and review of seismic loading on critical
structures. Extensive site mapping and analysis are needed to support foundation and structure design.
Being prepared, avoiding high hazard site locations and conditions, and implementing building standards
to minimize danger during and immediately following an earthquake, are the main approaches used to
reducing seismic hazards. These approaches are currently employed by Whatcom County.

Structure design and layout can help to reduce danger during earthquakes. Locally generated tsunamis
and seiches happen quite fast, so people near the water should be educated to evacuate from the lakeshore
and coast following warnings or local earthquakes to reduce the safety risk from landslides or large
waves.

2.4.6 Volcanic Hazard Areas

Geologic mapping around the Cascade volcanoes preceding and following the destruction from the 1980
Mount St. Helens eruption provided the wakeup call for more studies, monitoring, and preparation for
these dangerous but relatively infrequent geologic hazards (Schuster 1989). Studies of Mount Baker,
other volcanoes in the region, and worldwide, provide a much better indication of the early warning
conditions of a volcano and the frequency with which these large events can occur (Gardner et al. 1995;
Hyde and Crandell 1978). The Volcano Observatory web site (http://vulcan.wr.usgs.gov/home.html)
summarizes some of the Mount Baker studies and provides a good overview of the possible types of
hazards. The USGS Open File Report 95-49 (Gardner et al. 1995) open file report provides a preliminary
estimate of the volcanic hazards around Mount Baker.

25 FINDINGS AND CODE RECOMMENDATIONS

In Whatcom County the basic regulatory framework for geologically hazardous areas is well developed.
Some geological hazard areas have not been formally designated and some require expanded or updated
designations. These include volcanic hazard areas, channel migration and alluvial fan hazards, seismic-
related coastal and inland lake shoreline wave hazards, and seismic-related landslide hazard areas for
hillslopes and shorelines. Land use and management practices can have a significant influence on some
geologic hazards as well as public and private resources. Historic encroachment into previously unknown
or unacknowledged geologic hazard areas needs to be addressed.

2.5.1 Coastal Geologically Hazardous Areas
Setbacks for development features should be established based on landslide hazard (Gerstel et al. 1997)
and coastal erosion potential, instead of by the character and density of development in the adjacent area

(existing shoreline designations).

Proposed development within those buffers or within the slide area should meet scientifically based
design and construction standards such as the International Building Code. Because of the highly variable
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nature of areas that are subject to landsliding, site-specific studies should be required for design and
construction of structures that are built in or adjacent to landslide hazard areas. The hazard area and
proposed development should be evaluated by a geotechnical engineer or engineering geologist, including
subsurface exploration, soil sampling, soil testing, and development of a detailed construction sequencing
and monitoring plan.

Vegetation management for maintaining stability of slopes is an important element of an overall bluff
management program (Chatwin 1991; Greenway 1987; Menashe 1993). Improved vegetation
management on the bluff face and bluff crest can provide significant benefits to slope stability in the
majority of the study area. This is particularly true in the developed and partially developed portions of
Whatcom County bluffs. Retention of large conifer trees, especially Douglas-fir and western redcedar, is
very important in maintaining widespread root strength in upper soils. Conifers can also provide
significant benefits in terms of water balance in bluff soils through evapotranspiration, which continues
through winter in conifers, although at lower levels. Retention of deciduous species such as big-leaf
maple is also beneficial for slope stability. These trees have high erosion control and high root strength,
which can prevent and retard landsliding (Menashe 1993), as compared to removal of trees from steep
slopes, which can lead to an increase in landsliding (Bishop and Stevens 1964; Figure 12a). Other species
with high root strength include ocean spray, Nootka rose, snowberry, and other native woody plants.
These species should be retained where present and/ or replanted where slopes are not well vegetated.

Retaining or creating a vegetated buffer landward of the bank crest can also provide a significant slope
stability benefit. This is through increased shallow and (relatively) deep root strength as well as the
uptake of shallow subsurface water. A vegetated buffer also reduces surface water flow during rainfall
events, which decreases the erosion potential. Minimum vegetated buffer widths are on the order of 20 to
30 feet (as measured from the bluff crest landward) with greater widths providing greater benefit.
Appropriate native plants should be used within vegetative buffers, as discussed for bluff face, above.

Preparing for safe failure of fuel storage and hazardous materials facilities and pipelines is only briefly
mentioned in the present code. Additional review and evaluation of current conditions is warranted given
the large impacts to the economy and aquatic habitat that can occur from large petroleum or hazardous
spills.

2.5.1.1 Avoidance of Tsunami Hazards

Building standards and restrictions can help reduce damage but for large waves we simply need to get out
of the way. Tsunami hazards are minimized by building restrictions along the coast in known hazard
areas. The existing tsunami hazard monitoring system should be supported and local warning methods
refined. Existing critical structures like hazardous materials or petroleum storage facilities should be
moved away from tsunami hazard areas and built for safe failure for seismic loadings.

Analysis and modeling of the most at-risk areas can be estimated based on seismic and wave model
studies (Vanurato et al. 2004), however, these studies have only included Cascadia subduction zone
earthquake-induced tsunamis. Additional research should be completed on local faults and tsunami
hazards, and incorporated into hazard assessment and planning. Areas of high wave impact could be
classified and the hazard listed on property titles, and warning signs and sirens should be placed in low-
lying public areas.

Whatcom County Planning and Development Services 553-1687-003
BAS Code Recommendations 2-29 May 2005



2.5.2 Inland Geologically Hazardous Areas
2.5.2.1 Channel Migration Hazard Areas

Flood damage, degradation of stream channel and streambank habitat conditions, and development in the
flood and channel migration zone are all closely related. Development in the floodway and channel
migration zone creates the danger; such development is as risky as deliberately stepping into the path of a
moving train, except a stream has considerably more energy. It is also now recognized that measures
intended to protect structures that encroach into the channel migration zone and floodway have degraded
and delayed the development of healthy aquatic habitat conditions. Precluding new development in areas
that need bank armoring, dikes, and dredging to remain safe is a recommended approach for reducing the
hazard. Such restrictions would also allow for stream resource values, reduce flood damage risks, and
reduce costs. In a similar manner, reducing or eliminating historic encroachment removes the motivation
for costly maintenance and rebuilding of protection facilities and associated on-site and downstream
public and private resource damage.

Alluvial fans are recognized as a geologically hazardous area in Whatcom County (WCC 16.16) but
channel migration zones on creeks and rivers presently are not. Collins and Sheikh (2004) evaluated the
historical channel positions for the Nooksack River; this information can be used as the basis for planning
and code development along the Nooksack River. Channel migrations also occur on tributary creeks but
have been evaluated only at isolated sites. Generally, smaller creek areas with armored banks or dikes
probably had channel migration as well as flooding concerns. Whatcom County should examine the King
County code provisions to develop similar regulations for channel migration areas specific to the local
conditions.

2.5.2.2 Alluvial Fan Hazard Areas

Alluvial fans are one type of particularly active and hazardous channel migration and debris flow run-out
zone that was added to the Whatcom County code (WCC 16.16) because of a number of storms that
caused extensive damage. Alluvial fan hazards, flood damage, degradation of stream channel and
streambank habitat, and development in the flood, channel migration, and debris flow hazard zone, are all
very much related. Dredging and dikes are common approaches for attempting to address flooding and
limit bank erosion and channel migration on alluvial fans. Encroachment into the floodway and channel
migration zone of the fan motivates channel and bank armoring of various types. Precluding development
in areas that need extensive streambank armoring and channel dredging to remain safe is a recommended
approach for reducing alluvial fan hazards. In a similar manner, reducing or eliminating historic
encroachment removes the motivation for costly shore dredging, armoring, or diking on site, and
minimizes downstream resource damage. In watersheds that deliver to alluvial fans, land management
approaches, —for example, the Washington State watershed analysis and prescriptions approach, or
stormwater drainage control and landslide and debris flow hazard reduction studies—can reduce alluvial
fan hazards.

More detailed mapping is required to fully address alluvial fan hazards in Whatcom County. Once such
maps are available, a hazard rating system could be developed to identify the low, moderate, and higher
hazard alluvial fans. Detailed studies of the developed high-hazard alluvial fans have been prepared for
Jones and Canyon Creeks (Kerr, Wood, and Leidal 2003, 2004). These show the need to restrict new
applications for new development and to seek approaches to reduce the hazard on developed fan areas.
Additional detailed studies for new development on higher risk alluvial fans should be required at the
time of application for building permits. However, identifying risk areas on alluvial fans depends on
detailed subsurface and surface geologic mapping and watershed studies; such studies may require more
resources than are typically available to the average landowner.
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A large flood often will fill an existing natural or dredged alluvial fan channel, overwhelming the
available storage capacity and sending the flood in various directions across the fan. This is how channels
migrate and form the classic fan shape. As a result, alluvial fan risk assessments must include evaluation
of conditions assuming the channel has filled to natural levels and can spill the flood to other portions of
the fan.

Clearing is one action that is restricted on alluvial fans (WCC 16.16 350 I). Other tools for risk
management on alluvial fans include precluding or restricting some types of development, improving
watershed conditions, channel excavations, dikes, and debris filters, monitoring, warning, and evacuation
plans. Some of these actions are problematic because they directly conflict or influence public resources
like water quality, wetland and aquatic habitat, and would need to be implemented in ways that avoid
adverse impacts on these on-site and downstream resources.

2.5.2.3 Landslide Hazard Areas

Landslide hazards are addressed in Chapter 16.16.310. The general opening statement (16.16.310 A) and
slope range in the WCC are inclusive of common landslide-prone areas in Whatcom County. WCC 16.16
lists the minimum conditions that may indicate landslide-prone areas. The current Whatcom County
landslide hazard slope criteria identify two hazard classes based on slope (15 to 35 percent and >35
percent). This appears reasonable, and is in line with hillslope studies and code requirements in the
region. The state’s model code uses a similar steep slope criterion (40 percent). Using two classes and
starting at the 15 percent slope gradient provide a better understanding of site conditions and include the
full range of areas where slides are typically an issue. Some jurisdictions divide the slopes into 3 or more
hazard levels with more restrictions and buffers applied to the higher-gradient slopes. Building setbacks,
vegetated buffers, and drainage guidelines are commonly used to reduce hazards from landslides or in
landslide run-out areas.

Other site-specific factors that increase landslide hazard are not specifically listed in the code. These
include slope shape, seismic shaking, grading, and vegetation conversion. The code (WCC 16.16.310 A
3) designates streambank, lake, and marine shoreline areas with banks greater than 10 feet high but
shorter banks can also slump and erode. Mass wasting in these areas is linked to normal shore wave, tide,
and other shore processes, floods, channel migration, and seismic hazards in the region. Slopes less then
10 feet high should be considered a geologically hazardous area where slope conditions or forces acting
on the slope increase the potential for mass wasting. One example of this type of hazard is the
unconsolidated deposits around lakes, especially delta deposits. Many lakes in Whatcom County were
formed by sub-glacial scour and consequently are quite deep. Deltas and slide deposits around their
shores are made of loose, saturated materials that often have steep fronts. Shaking from small local or
large regional earthquakes can cause slumps in these deposits, which can be dangerous to shore facilities.
Displacement from such slumps generates waves that wash across the lake and back to shore, causing
inundation and impact hazards (Foster and Karlstrom 1966; Hansen 1966; McCulloch 1966; McCulloch
and Bonilla 1970; Plafker 1969; Wilson and Torum 1972). This can happen so rapidly that evacuation
may not be effective. For example, detailed studies of Lake Washington showed that almost every bay
around the lake is actually the head scarp of a large landslide, and numerous slides and buried forests are
present (Karlin 2004). Similar studies are needed on populated Whatcom County lakes and coastal areas
to identify areas at risk of inundation of wave impact.

Landslide and erosion hazard areas on some private and most state-owned forest lands in Whatcom
County are also identified and conditioned through the Washington State Forest Practices Act, Watershed
Analysis and prescriptions, and emergency rules. These are science-based rules that will, over the long
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term, reduce the risks of landslides, debris flows, and increased sediment loads from creeks that drain
from state and private forest lands in Whatcom County.

Because small landslide areas and many erosion areas can be modified with structures and other
construction methods, the code should remain adaptable. This places considerable responsibility on site-
specific studies, design approaches, review processes, construction methods, and effective monitoring.
The minimum reporting and performance standards for landslide analysis and erosion control should be
quite specific, because these standards address a hazard that is not always that easy to assess. Reporting
and performance standards also need to support compliance with State and Federal water quality
standards.

Adding in more specifics to the code—similar to the state’s model code, but retaining the slope range from
the current Whatcom County code—could make site evaluation expectations, reporting, and review easer
and more consistent. A detailed surface geology map for the County, combined with topography, soils,
land use and other data, would help in the first-level screening for hazard areas. A county-wide map
would also provide a context for site-specific mapping conducted for development proposals. Site-
specific mapping should be a part of every development permit.

2.5.2.4 Erosion Hazard Areas

Whatcom County erosion hazards are addressed to various degrees in a variety of code chapters and
standards. Erosion is mentioned in the following County regulations:
e Chapter 16.16 CRITICAL AREAS, (protect the public from harm due to erosion);

o Chapter 12.48 ROADSIDE VEGETATION (backslopes and front slopes where vegetation is
maintained to prevent erosion);

e Chapter 14.04 RIGHT TO PRACTICE FORESTRY (to control erosion and slope failure);
e Chapter 16.28 MANURE AND AGRICULTURAL NUTRIENT MANAGEMENT

o Chapter 17.04 GENERAL PROVISIONS (restricting or prohibiting uses which are dangerous to
health, safety, and property due to water or erosion hazards, or which result in damaging
increases in erosion);

e Chapter 20.34 RURAL RESIDENTIAL-ISLAND;

e Chapter 20.36 RURAL (R) DISTRICT (the development and performance standards of WCC
20.73.650 and 20.73.700. (6) All topsoil remains on site for use in subsequent reclamation. (7) No
soil erosion or sedimentation will occur beyond the exterior property lines of the site, and (8));

e Chapter 20.40 AGRICULTURE (AG) DISTRICT ((9) No soil erosion or sedimentation will
occur beyond the exterior property lines of the site. (10) Excavation activity will commence and
conclude within four years);

e Chapter 20.42 RURAL FORESTRY (RF) DISTRICT;

e Chapter 20.43 COMMERCIAL FORESTRY (CF) DISTRICT;
e Chapter 20.72 POINT ROBERTS SPECIAL DISTRICT;

e Chapter 20.80 SUPPLEMENTARY REQUIREMENTS;

e Chapter 24.05 ON-SITE SEWAGE SYSTEM REGULATIONS; (small development activities
are required to employ best management practices (BMPs), to control erosion and sediment

Whatcom County Planning and Development Services 553-1687-003
BAS Code Recommendations 2-32 May 2005



during construction, to permanently stabilize soil exposed during construction, to protect adjacent
properties and water bodies from stormwater effects caused by development).

With so many code references, erosion and erosion control are clearly important issues. In addition other
authorities, such as the Washington Department of Ecology (Ecology) oversee drainage activities, BMP
utilization, and water quality standards related to the Clean Water Act.

The County should consider developing one comprehensive set of building, drainage, and erosion
guidelines and regulations that focus on protecting health, safety, and public resources, including water
and aquatic habitat. Some counties develop separate erosion control regulations while others combine
them with drainage, grading, building, or landslide portions of the code. The Whatcom County standards
specify that source control BMPs be selected, designed and maintained according to the latest edition of
the Ecology Manual.

The current Whatcom County standards for erosion and sediment control address most of Ecology’s
proposed requirements. Ecology’s Construction Stormwater Pollution Prevention Plan (SWPPP) Element
#12, Manage the Project, is not explicitly included in the current code. This element includes construction
phasing requirements, seasonal work limitations, and inspection and monitoring requirements Seasonal
restrictions are often added to in-stream and near-stream projects. Frequently, however, the expense of
extra erosion control measures is worthwhile for many wet-season construction projects. Ecology also
proposes that a certified professional with training and experience in erosion and sediment control be
involved in the erosion control plan design, and be on-site or on call at all times for performance
inspections and modifications. The main association doing national registration for erosion control
professionals is the International Erosion Control Association, in Steamboat Springs, Colorado.

Because most erosion concerns are so closely associated with drainage control, ground disturbing
activities, and landslides; it is recommended that a single Erosion and Drainage Control section be
developed for the code. The primary approach should be performance-oriented and included in the design,
construction, and maintenance of development sites. Erosion control measures need to be included on
project site plans and required in construction contracts. Inspection during project development is
required to document performance, and failures need explicit responses.

Typical erosion regulations are oriented to new construction and may not adequately address erosion
control for agriculture, roads, and hobby farms. The County shall consider keeping agricultural districts
regulated with approaches similar to those provided by the USDA Natural Resources Conservation
Service (NRCS) (formally USDS Soil Conservation Service). The County shall also apply these
guidelines to hobby farms and consider adding erosion control guidelines specific to roads and road
maintenance.

For all land disturbing activities that could deliver sediment off-site or to surface waters, or that are larger
than one acre, Whatcom County should adopt Ecology standards or similar approaches for erosion
control. The County should further require that erosion control plans be developed by professionals
familiar with erosion control design, installation, and monitoring in the Puget Sound region. If the County
lacks inspection and enforcement powers, the effectiveness of erosion control is left in the hands of
project managers and contractors. Many project managers and contractors understand the importance of
standard erosion control methods; some developers and many private builders, however, still require
education. To address the resistance to effective erosion and drainage control measures, some regions
have used one-day short courses for heavy equipment operators, explicit inclusion of erosion control
measures in permits and building contracts, requirements for secured performance bonds, or fines against
€sCrow accounts.
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Most guidelines and BMPs address erosion control of new construction. Erosion related to ongoing
maintenance of roads or fields can be overlooked if standards are not attached to contracts. Differentiating
erosion control guidelines among development types will allow for the big differences in erosion control
measures for urban or residential areas compared to agricultural, commercial, and industrial areas.

2.5.2.5 Seismic Hazard Areas

Although some areas face a greater risk than others, all of Whatcom County is potentially at risk of
significant earthquake damage. To respond to our changing understanding of the seismic risk in this
region, the County should continue to link regulations to the International Building Code and relevant
local U. S. Geological Survey (USGS) or other agency documents and studies; as codes and studies
change, the County code should also change. The County should establish exemplary seismic retrofitting
and new construction and development standards for this tectonically active area.

The state’s model seismic hazard code is fairly limited, but provides a general approach that could be
adapted for Whatcom County. For example, the state’s list of allowed activities would likely require
additional detail and categories for Whatcom County. Experienced geotechnical engineers, geologists,
engineering geologists, and structural engineers should perform analyses of seismic conditions. Most
construction is covered by standard building codes specifically dealing with seismic hazard reduction.
Critical and specialized structures receive special analysis and design conditions that exceed standard
code guidelines. This is particularly true for ports and industrial facilities in Whatcom County. Safe
failure of these large facilities is important to the health and safety of workers and local residents, and to
Puget Sound waters.

Three main approaches are often taken when hazardous forces (e.g., earthquakes) are inevitable: (1) a fail-
safe approach, (2) a safe-failure approach, or (3) a combination approach. A fail-safe design is intended to
survive shaking with little or no damage; this approach is often attempted with very critical structures.
The safe-failure approach is where the design can not practically be built to survive shaking or because
the structure is less critical and can be allowed to fail. For the combination approach, fail-safe designs are
attempted up to a practical design level, and safe-failure aspects are included to reduce the hazard when
shaking exceeds design standards. Approaches 1 and 3 work for critical structures, and approach 2 is
appropriate for homes and low-occupancy buildings. Existing structures can be at least partly retrofitted
to meet many safe-failure standards. The greatest costs and engineering challenges are retrofitting existing
critical facilities for safe failure. For example, many bridges or oil and gas storage and processing
facilities were not originally built to survive damage caused by shaking or waves. Such facilities face
greater challenges in preventing potential large spills or failures of high use routes. Consequently, new
regulations should consider data collection and design codes for new construction, as well as guidelines
and programs for retrofitting existing facilities.

Minimum regulations to help reduce injury and damage should be implemented countywide, and should
not be limited to any one landtype. Sites with greater damage risk, such as shorelines, thick
unconsolidated soils, or steep slopes, could be screened on a broad scale. This would only be a first-level
screening, however, and would miss numerous isolated or poorly mapped areas, potentially under-
representing risk. Basing design criteria on proximity to known active faults or unstable soils does not
address the risk posed by unrecognized faults or fault activity, or deep subsurface conditions. Even in
alluvial basins with known risks, the complex interactions of seismic reflections and basin materials make
prediction difficult and risky, so safety factors on designs will always be needed. With existing soils and
geology maps, only general zones of higher risks can be classified. As detailed surface and subsurface
geologic mapping and analysis become available in the future, it may be possible to differentiate hazard
zones more precisely. This type of mapping is usually done only in small areas (e.g., for large critical
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structures). Widespread mapping is accomplished at a slower pace, as it is conducted by graduate students
or through regional research by the USGS and others.

The Sumas and Nooksack valleys and Nooksack delta form a deep depositional basin containing
unconsolidated saturated fluvial glacial and inter-glacial sediment that can amplify the ground-shaking
energy and disturbance during an earthquake. Shallow, loose and saturated soils can easily deform or
liquefy during ground shaking and are found in many areas throughout the County, such as the Nooksack
floodplain or Sumas valley. These areas were identified based on the soil survey fieldwork completed for
the County soils survey completed in 1982 (Goldin 1992).

Building standards for seismically active areas are generally based on region-wide tectonic and seismic
studies from the past few decades. Estimates of the likely vertical and horizontal accelerations and
displacement are calculated and used as the basis for static and dynamic design for various types of
structures. In areas of high risk, upgrades and retrofits are common for the numerous structures built using
older standards. Currently, the County has no process to screen for the structures that need retrofits, and
no programs to motivate appropriate retrofits.

Estimates of seismically induced landslide and run-out hazard areas are based on slope gradient and
shape, materials, probabilities of moisture conditions, and the presence of past slope failures. Seismic
shaking is only one of many factors influencing landslide hazard; linking the seismic and landslide hazard
regulations would be a reasonable approach. Seismically induced landslide hazards could be addressed in
the landslide section of the code and simply mentioned in the seismic section, or vice-versa. In a similar
way, tsunami and seiche hazard areas could be addressed in the seismic regulations and mentioned in the
landslide code. Tsunami and seiche hazard areas may be identified in a separate geologically hazardous
areas estimate based on Washington Department of Natural Resources modeling of seismic and shore
hazards, or on future updates.

Because of the risk of great earthquakes, mapping and analysis for each development is needed to
establish site-specific seismic loading design criteria. Specific seismic regulations may be needed for the
highest risk zones such as the coastal zone, landslide-prone slopes and run-out areas, shoreline slump
hazard areas, lakeshore seiches, areas with shallow loose saturated soils, and areas over deep
unconsolidated sedimentary basins. Each development should be required to provide site-specific
information to support the general classifications and selected design criteria.

Seismic hazard studies specific to Whatcom County and a detailed map of the surface and subsurface
geology would help further identify liquefaction, landslide, and ground shaking hazard areas. This may or
may not provide additional development latitude compared to less-specific regional information. No
single factor (e.g., local fault locations or liquefaction potential) fully defines seismic risk. Many other
factors influence seismic risk, for example, the shape of the consolidated bedrock below the Nooksack
delta or deep thrust faults.

The County could be segmented into a few seismic hazard classes, but current studies should be updated
before fully committing to that approach. Consequently, the most supportable approach for the present
and near future may be to base using building standards on the type of building or development, and to
apply the same standard countywide.

2.5.2.6 Volcanic Hazard Areas

The present approach for volcanic hazard mapping in Washington State and other regions has been to
define hazard zones around volcanoes. These zones are based on historic and ancient occurrence of
volcanic hazards, as described by geologic mapping around the volcano and in surrounding valleys,
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combined with debris flow run-out modeling. Hazard zones are estimated for the main risks, including
blast zone, pyroclastic flows, debris flows (lahars), ash fall, and outburst floods. When monitoring
indicates an elevated risk, the public and agencies are warned based on the best information at the time.

The state’s model code, the Pierce County code, and proposed volcanic hazard codes for cities around
Mount Rainer are based on USGS hazard zone estimates. All call for warning and evacuation plans, as
well as restrictions on critical structures such as schools, large occupancy structures, and hazardous
chemical tanks. Three different hazard zones were defined in the vicinity of Mount Rainier (Rogers et al.
1996). In that area, Case I debris flows (lahars) are estimated to have an average return interval between
events of 500 and 1,000 years. Case II lahars are estimated to have an average return interval of 100 to
500 years. In the vicinity of Mount Rainier, therefore, the occurrence risk of Case II lahars approaches
that of 100-year floods (one-percent chance in any given year). Each volcano has a unique combination of
history and hazard conditions. Similar to Mount Rainier, Mount Baker requires further study to identify
hazard areas and to provide more data to estimate the frequency of volcanic events.

The model code does not provide enough specifics for volcanic hazards, but does have language on
reporting and performance standards. The Pierce County Volcanic Hazard Areas Title (18E.40.050) was
updated based on a USGS report (Rogers et al. 1996), and is the basis for the volcanic hazard classes in
the Pierce County code. A later USGS (Rogers et al. 1996) report substantially modified hazard zones,
based on additional studies and findings. This will replace the 1995 report in Pierce County, and is
proposed for adoption by other local cities. The Whatcom County code should be adaptable to the
changes that will result from additional studies and analysis.

Lateral blasts, debris flows, pyroclastic flows, and surges can move so fast that warning and evacuation
are effective only if accomplished well in advance of the actual event. Adequate monitoring and response
is essential for public safety. Warning signs, warning systems, and evacuation plans in conjunction with
monitoring have been developed for areas around Mount St. Helens and Mount Rainier. Monitoring of
earthquakes and volcanoes for all the Cascade volcanoes including Mount Baker is provided by the
Pacific Northwest Seismograph Network (PNSN). The PNSN uses a network of seismic sensors to locate
earthquakes in Washington and Oregon (http:/www.geophy.washington.edu/SEIS/PNSNY/). If earthquakes
are associated with Cascade volcanoes (as recently occurred with Mount St. Helens), the PNSN warns the
appropriate agencies.

Response pre-planning has been established for Mount Baker with the Mount Baker-Glacier Peak
Coordination Plan. The plan provides a framework for coordination between governmental agencies in
the event of volcanic unrest at Mount Baker or Glacier Peak. The areas around Mount Baker and Glacier
Peak are continuously monitored by the PNSN, which is jointly operated by the University of Washington
and the USGS. When indications of volcanic unrest occur at Mount Baker or Glacier Peak, the plan calls
for establishing a temporary volcano observatory and emergency operations center. The plan also calls for
installing additional monitoring instruments to analyze conditions.

Identifying the extent and frequency of volcanic events is an ongoing and important part of dealing with
the risks near the Cascade volcanoes. Measures that can be taken to reduce volcanic hazard risks include
limitations on critical structures in volcanic hazard areas, monitoring for hazard conditions, early warning
systems, and evacuation plans. Ongoing studies and monitoring should be expanded, and further detailed
studies conducted to increase our knowledge and ability to evaluate the extent and frequency of volcanic
hazards around Mount Baker. Although relatively rare, volcanic events can be pose a significant hazard to
health and safety, and have significant impacts on public resources. Because the risk of a catastrophic
volcanic event in Whatcom County is significant, further study of the Mount Baker volcano is warranted.
Other precautionary measures include the following:

e Upgrading Mount Baker monitoring, warning, and research facilities,

o Establishing evacuation plans, warning signs, and rehearsed evacuations,

Whatcom County Planning and Development Services 553-1687-003
BAS Code Recommendations 2-36 May 2005



e Attaching notification of volcanic hazards to property titles and building permits in high-hazard
areas, and

e Restricting the types of structures that are built in high-risk volcanic hazard areas.

The consequences of lahars, debris flows, and outburst floods can be devastating. These events have
occurred in the past in Whatcom County and will occur in the future. Therefore, a hazard classification
approach and appropriate regulations should be adopted. There are many example and model codes and
approaches for dealing with landslides, erosion, and flooding, but codes related to the volcanic hazards
associated with Mount Baker are scarce. Modified for local conditions, the Pierce County ordinance (Title
18E.40.050) would be a good model to consider for Whatcom County. Additional examples of model
volcano land use ordinances were requested on the worldwide Volcano ListServ by the USGS Cascades
Volcano Observatory (Driedger 2003), but the Pierce County ordinance may be the only one not primarily
related to actual lava inundation.

The Pierce County ordinance is only one page long and is included:

18E.40.050 Volcanic Hazard Areas.

A. General. Volcanic hazard areas are areas subject to pyroclastic flows, lava flows, and inundation
by debris flows, mudflows, or related flooding resulting from geologic and volcanic events on Mount
Rainier.

B. Classification.

1. Criteria. Volcanic hazard areas are those areas that have been historically inundated by a
Case I, Case Il, or Case Il debris flow or are located in other drainages expected to be
inundated by a future Case I, Case Il, or Case Ill debris flow as identified in the report
entitled, Sedimentology, Behavior, and Hazards of Debris Flows at Mount Rainier,
Washington, U.S. Geological Survey Professional Paper 1547, 1995.

2. Sources. The following sources were used to identify volcanic hazard areas that are depicted
in the Critical Areas Atlas-Volcanic Hazard Areas Map (see Section 18E.10.060 B.):

a. "Map Showing Debris Flows and Debris Avalanches at Mount Rainier, Washington--
Historical and Potential Future Inundation Areas," Hydrogeologic Investigations Atlas
HA-729, U.S. Dept. of Interior, Geologic Survey, 1995 as amended by Kevin Scott,
USGS, on November 10, 1997, to be consistent with the reports listed as b. and c. below;

b. Volcano Hazards from Mount Rainier, Washington by Hoblitt et al. (1998), U.S.
Geological Survey Open File Report 98-428;

c. Sedimentology, Behavior, and Hazards of Debris Flows at Mount Rainier, Washington,
U.S. Geological Survey Professional Paper 1547, 1995; and

d. Emergency Action Plan for Nisqually Hydroelectric Project, Federal Energy Regulatory
Commission (FERC) Project No. 1862, December 13, 1996, City of Tacoma, Department
of Public Utilities, Light Division.

C. Regulations for Location of Critical Facilities. No critical facilities shall be constructed or
located in volcanic hazard areas. Critical facilities are those facilities listed below, as selected
from the Uniform Building Code, 1994 Edition, Table No. 16-K, Occupancy Category:

1. Hospitals and other medical facilities having surgery and emergency treatment areas;

2. Structures or housing supporting or containing sufficient quantities of toxic or explosive
substances to be dangerous to the safety of the general public if released;
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3. Covered structures whose primary occupancy is public assembly, with a capacity of greater
than 300 persons;

4. Buildings for schools through secondary or day-care centers, with a capacity of greater than
250 students;

5. Buildings for colleges or adult education schools, with a capacity of greater than 500
students;

6. Medical facilities with 50 or more resident incapacitated patients;
7. Jails and detention facilities; and
8. All structures with occupancy of greater than 5,000 people. (Ord. 97-84 § 8 (part), 1997)

Critical structures are typically restricted from the higher-risk volcanic hazard zones. Whatcom County,
as a minimum, should adopt some form of risk classification for the valleys around Mount Baker. The
valley bottom of the Nooksack River generally defines the area at risk of eruption-related lahars. This
area also includes the floodway and channel migration zone of the Nooksack River, so some of this area
is already known to be geologically hazardous.

Public education (e.g., the Mount Baker web page), technical and administrative memory, monitoring,
and warning systems are all important for informing the public and agencies of the risks and present
status of the mountain. Detailed geologic mapping and analysis for Whatcom County for each of the main
volcanic hazards (blast zone, pyroclastic flows, lahars, lava flows, ash fall, and outburst floods) can be
used to establish hazard zones based on risk, and used to guide development regulations.

The definition and regulation of critical structures presented in part ‘C’ of the Pierce County example
(above) is similar to those adopted and proposed by cities around Mount Rainer. Similar provisions are
recommended for the volcanic hazard areas in Whatcom County.

Whatcom County should include volcanic hazards in the geologic hazard code similar to the Pierce
County code. Identification of hazard areas should be based on the USGS Open File Report 95-49
(Gardner et al. 1995), and updated with information in Hildreth et al. (2003). The code should provide for
updates based on more detailed studies; the County should encourage such studies. Additional detailed
mapping of the lahar and eruption history of Mount Baker eventually can be used to classify downstream
volcanic hazard zones with greater confidence and in greater detail. Existing mountain monitoring,
emergency planning, and management should be supported and regularly updated.

253 Summary of Findings and Recommendations

The existing Whatcom County code is well developed and the geologically hazardous standards are
generally founded in science. The following table summarizes some changes that should be made to
strengthen the code.

Geologic Hazard Findings and Recommendations

Coastal Hazard Areas

Finding #1 Development on coastal bluffs should meet science-based standards for design and
construction. Site-specific studies are needed to address wave, flooding, and landslide
hazard potential on coastal and shoreline bluffs.

Recommendation Require building standards to be consistent with the international building code. Define
minimum study and reporting requirements to include subsurface exploration, site hazard
analysis, soil sampling, and development of monitoring plans.
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Geologic Hazard Findings and Recommendations

Finding #2

Recommendation

Vegetation management is essential for mitigating landslide hazard potential on coastal
bluffs.

Include provisions for requiring setbacks from the top and toe of landslide-prone bluffs
where necessary. Include provisions to require retention of native vegetation on steep
slopes to improve stability.

Channel Migration Hazards

Finding #3

Recommendation

Failure to recognize the dynamic nature of river and stream systems can lead to flood
damage to public and private facilities. Response to channel changes motivates costly
dredging and bank armoring that degrades critical aquatic and riparian habitat.

Create a channel migration hazard map and consider linking riparian buffer requirements
to the channel migration zone in high-risk channel migration areas.

Alluvial Fan Hazards

Finding #4 Assessing risk associated with active portions of alluvial fans is sometimes difficult; basing
this assessment on recent deposition (past 20 to 100 years) may not provide adequate
protection.

Recommendation Consider all alluvial fan areas active unless analysis of fan topography, stratigraphy, and
watersheds demonstrates otherwise. Tie building restrictions to hazard zones.

Finding #5 Building structures and roads on alluvial fans often creates a need to dike the channel
and/or dredge portions of the channel.

Recommendation Avoid construction of major structures/facilities on alluvial fans. Consider requiring road
designs that allow the channel to migrate without extensive dredging or diking.

Finding #6 Catastrophic debris flows can be generated from steep confined channels and deposited
on alluvial fans.

Recommendation Identify hazard class for all alluvial fans based on assessment of channel, valley, and

watershed conditions, and develop an appropriate regulatory program.

Seismic Hazards

Finding #7 Seismic hazards are present throughout the County, with higher risk areas associated with
certain substrate materials, slope position near landslide-prone areas, and shorelines.

Recommendation Continue to use uniform building code standards (or the International Building Code) but
do not limit the hazard regulations to alluvial basins or areas with organic layers. Also,
base the building standards on the classification of the structure (e.g., residence, barn,
critical structure).

Finding #8 Seismic risk can be reduced building standards for new development and retrofits for
existing structures

Recommendation Continue updating building code standards based on best available science and
engineering.

Finding #9 Seismically induced underwater or shoreline slumps in loose saturated shoreline deposits
are a hazard in inland lakes.

Recommendation Add a new category of landslide hazard and map the lakes to identify high, moderate, and
low risk zones. Link it to the landslide and seismic hazard codes.

Finding #10 Seismically induced landslides are a hazard that should explicitly be addressed in the
code.

Recommendation Add code language that identifies seismically generated landslide and run-out areas, and

develop an approach to classify high, moderate, and low risk areas. Link the code to the
landslide and seismic hazard codes.
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Geologic Hazard Findings and Recommendations

Erosion Hazards

Finding #11

Recommendation

Erosion risk areas are not specifically designated as geologically hazardous areas in
Whatcom County code.

Add erosion hazard designation and regulations similar to the state’s model code

Landslide Hazard Areas

Finding #12

Recommendation

Finding #13

Recommendation

The basic landslide guidelines for percent slope are adequate, with the exception of the
need to address seismically induced slides as discussed above.

Maintain existing regulations. Consider adding provisions to require buffers or setbacks
from the toe and top of landslide-prone slopes and run-out zones where warranted.

Code does not provide guidance to review staff on minimum studies for steep slope
landslide or erosion hazards, potentially making staff review difficult or inconsistent.

Develop minimum professional standards for analysis and reporting for slope stability
studies.

Volcanic Hazard Areas

Finding #14 Volcanic hazards are not presently addressed in the code.

Recommendation Add volcanic hazard regulation similar to the Pierce County Code, based on USGS Open
File Report 95-49 (Gardner et al. 1995), and updated with information in Hildreth et al.
(2003).

Finding #15 Volcanic hazards in Whatcom County include areas near Mount Baker as well as the
downstream valleys.

Recommendation Attach warnings to building permits and titles disclosing the nature of the hazard.

Finding #16 Evacuation is one of the ways down-valley volcanic hazards are addressed.

Recommendation Establish a monitoring and warning system and requirements for evacuation for predicted

debris flow and lahar run-out areas. Continue to evaluate volcanic hazard areas around
Mout Baker to batter understand and define hazard areas.

All Hazard Areas

Finding #17 Present code does not stipulate minimum criteria for hazard studies, potentially making
staff review difficult or inconsistent.

Recommendation Develop minimum professional standards for analysis and reporting for slope stability
studies.

Finding #18 Costs of diking, dredging, and habitat damage resulting from channel migration, deposition
on alluvial fans, landslides, and other geologic hazards are often partially or wholly borne
by public funds, even though they are for a limited number of private facilities.

Recommendation Include language with the building permits and attach to titles stipulations that protection of
private property is the responsibility of the landowner. Require notice on title to disclose
presence of a hazard area as part of the County’s permit process. Require and facilitate
maintenance districts to provide for funding and maintaining these facilities similar to what
is done with major dikes.
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3. FREQUENTLY FLOODED AREAS

For regulatory purposes, frequently flooded areas are defined as “lands in the floodplain subject to a one
percent or greater chance of flooding in any given year” (WAC 365-190-030 (7), Minimum Guidelines to
Classify Agriculture, Forest, Mineral Lands, and Critical Areas). This is equivalent to the 100-year
floodplain designation mapped by the Federal Emergency Management Agency (FEMA) on Flood
Insurance Rate Maps (FIRMs). The FIRMs delineate the FEMA designated floodway (the area of the
floodplain that should be reserved or kept free of obstructions) to allow floodwaters to move downstream
and to prevent substantial increases in flood heights) and the flood fringe (the 100-year floodplain outside
the designated floodway). The floodway is managed for conveyance of floodwaters, while the flood
fringe is managed to provide storage, but not to provide significant conveyance. The 100-year flood is
also termed the Base Flood, and the total area subject to flooding during the 100-year flood is the Area of
Special Flood Hazard.

Development within a floodplain creates a risk to human health and property. Floodplain development
also poses risks to aquatic habitats and species. This includes habitats for Chinook salmon and bull trout,
listed as Threatened in the Puget Sound Evolutionarily Significant Unit (ESU); and coho salmon, listed as
a Species of Concern in the Puget Sound ESU.

WAC 365-190-080 (3) states that counties and cities should consider the following when designating and
classifying frequently flooded areas:

o Effects of flooding on human health and safety, and to public facilities and services;

e Available documentation including federal, state, and local laws, regulations, and programs, local
studies and maps, and federal flood insurance programs;

e The future flow floodplain defined in the WAC as defined as the channel of the stream and that
portion of the adjoining floodplain that is necessary to contain and discharge the base flood flow
at build out without any measurable increase in flood heights;

o The potential effects of tsunami, high tides with strong winds, sea level rise resulting from global
climate change, and greater surface runoff caused by increasing impervious surfaces.

This chapter discusses frequently flooded areas chiefly from the perspective of flood effects on human
health, safety, and property protection, and the effects of human activities on flooding. The authors
recognize that the floodplain development has the potential to affect all other critical areas regulated by
WCC Title 16.16. For the most part, the ecological issues associated with floodplain management will be
addressed in the chapters for wetlands, and fish and wildlife habitat conservation areas. Floodplain
management issues will also be addressed in the chapter for geologically hazardous areas and aquifer
recharge areas. One important goal of these reviews will be to ensure that the connection between
frequently flooded areas and the other critical areas regulated under WCC Title 16.16 is integrated so that
ecological impacts associated with development within frequently flooded areas are adequately reviewed.

31 OVERVIEW OF INVENTORY
3.1.1 Existing Inventory
FEMA mapping of the 100-year floodplain provides the basis for designation, protection, and regulation

of frequently flooded areas. The Whatcom County floodplain inventory uses FEMA’s mapping (WCC
16.16.140).
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The January 16, 2004 FIRMs for Whatcom County are the official effective maps for Whatcom County,
every city and town in the County, and the Lummi Nation and Nooksack Tribe. FEMA distributed the
information to the County in digital format and it is available via Whatcom County Planning and
Development Services GIS. Steele (2004 personal communication) indicates that the new maps meet
FEMA's digitization standards in the Map Modernization Guidelines and Specifications (FEMA 2003a).
FEMA published the maps in a new countywide format (instead of separate maps for individual
jurisdictions, all maps are on the same map series). The primary purpose of the January 16, 2004 series is
to place all existing data onto a single, countywide map series. The January 16, 2004 FIRMs include new
information for Sandy Point® , Terrell Creek, Samish River, Squalicum Creek, Everson-Sumas overflow
corridor, and many coastal areas.

3.1.2 Updates to Inventory

FEMA initiated a nationwide effort in 1997 to modernize the flood mapping program (FEMA 2001). The
updated maps will use digital orthophotogrammetry to produce more accurate base maps, from which
improved floodplain boundaries will be delineated. In conducting the Map Modernization Program,
FEMA will consult with, receive information from, and enter into agreements or other arrangements with
State, regional, and local agencies to identify floodplain areas. The intent of using local agencies is to
provide more accurate representations of floodplain conditions (FEMA 2003a). As stated above, the
January 16, 2004 Whatcom County FIRMs represent new technical information only for Sandy Point,
which was developed according to FEMA’s Map Modernization Program.

Although the FEMA maps are the official effective maps for Whatcom County, these maps are in need of
revision. The floodplain information contained in the January 16, 2004 FIRMs was developed or updated
in the late 1970s for incorporated cities and unincorporated Whatcom County (FEMA 2003b, 2004a). The
exception is new data that was prepared for Sandy Point, which was incorporated into the January 16,
2004 FIRM update. The Lower Nooksack River Comprehensive Flood Hazard Management Plan
(Whatcom County Department of Public Works 1997) notes that the FEMA maps fail to address the path
and depth of floodwaters outside the floodway. For example, the November 10, 1990 flood (the largest
flood on record) was estimated to be a 50-year event, yet in some areas the flood levels during that event
exceeded the 100-year elevations shown on the FEMA maps. Additionally, the FEMA maps delineate
floodway limits by determining a corridor outside of which flow can be blocked without raising flood
levels more than 1 foot. While this approach is appropriate for rivers where the main channel is the
dominant flow corridor, it is not suitable for the lower Nooksack River and the lower North and Middle
Forks of the Nooksack River, where parallel side channels up to a half mile from the main channel are an
important element of the floodway. There are currently no federal efforts to update the FIRMs, but as
discussed in the Lower Nooksack River Comprehensive Flood Hazard Management Plan, local efforts at
hydraulic modeling have been underway to improve delineations of frequently flooded areas. This
modeling, when complete, would be used to update the FIRMs. However, after multiple floodplain
modeling attempts, there is not sufficient confidence in the modeling for changes to be made to the
FIRMs.

The Lower Nooksack River Comprehensive Flood Hazard Management Plan contains recommendations
for floodplain management and flood control facilities; any implemented recommendations should be
recorded on the updated FEMA maps.

* The new data for Sandy Point was prepared by Philip Williams & Assoc. for Whatcom County.
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A study by Collins and Sheikh (2004) delineated historical channel positions of the Nooksack River from
the mouth to RM 56 on the North Fork, South Fork to South Fork RM 16, and Middle Fork to Middle
Fork RM 5*. The Collins study delineates the geomorphic floodplain (the floodplain that is actively being
formed by the stream or water body) and is not relevant to definition of frequently flooded areas. The
Lower Nooksack River Comprehensive Flood Management Plan (Whatcom County Department of Public
Works 1997) includes mapping of levees on the Lower Nooksack River completed through 1988.
Substantial additional levee construction has been completed since 1988. Whatcom County is in the
process of preparing digital mapping of floodplain modifications (revetments and levees). This mapping
may be completed in late 2004, but is not a high priority project for the County.

Regarding tsunami hazards, Whatcom County does not have an official tsunami hazard map. Walsh et al.
(2004) has mapped predicted tsunami hazard zones for Bellingham Bay and Lummi Bay; this map shows
the two main risks associated with tsunamis — inundation depth and wave velocity. The map was
produced using computer models of earthquake-generated tsunamis originating from the Cascadia
subduction zone. The map shows that the greatest amount of tsunami flooding is expected to occur in the
valleys of the Lummi and Nooksack Rivers up to their confluence near Ferndale. Beyond that point,
flooding would be confined to the relatively narrow valley of the Nooksack River. Sandy Point is
expected to be flooded to a depth of a few feet. Elsewhere, tsunami flooding is expected only in the
immediate vicinity of the shoreline. The Walsh report does not include other populated areas with likely
tsunami hazards, including Point Roberts, Marietta, Gooseberry Point, Birch Bay, and Semiahmoo.
Tsunami inundation and water velocity hazards for these areas should also be mapped. Recommendations
for tsunami hazards are discussed in Findings and Recommendations. Lahar hazards are discussed in
Chapter 2.

3.2 FLOODPLAIN FUNCTIONS AND VALUES

Floodplains store flood waters, which reduces the height, areal extent, and velocity of floodwaters at the
point where the floodplain storage exists, as well as upstream and downstream areas. If the areal extent of
the floodplain is constricted, greater depths will occur for a given flood. Backwatering occurs as water
amasses at a location, reducing the hydraulic gradient from upstream areas, in turn reducing flow velocity
and flow rate. A greater area of floodplain storage at a given location will result in lower flood depths at
that point, in turn reducing backwater effects and reducing upstream flood heights. Flood storage
provided at any point in the stream also slows the movement of water downstream, reducing flood height
and extent in downstream areas.

Floodplains also provide for reductions in flow velocity, reduced erosion, and enhanced settling of
sediment. As water overflows from the main channel of a river or stream, it spreads over the land surface,
resulting in a much wider flow path cross-section. Additionally, vegetation in the floodplain creates
roughness. A wider cross-section and increased roughness result in lower flow velocity, which in turn,
reduces the erosive power of flowing water. Reduced velocity and physical trapping in vegetation also
allow for suspended sediment to settle in the floodplain. This provides a mutual benefit for the floodplain
and stream, depositing fertile soil and nutrients in the floodplain, and reducing sedimentation in the
stream channel. An added benefit of river flow over the floodplain (and the associated reduction in
velocities in the main channel) is recruitment and retention of large woody debris (LWD) in the channel;
LWD is a critical element of salmonid habitat.

* All river miles refer to river miles marked on USGS 7.5-minute topographic maps.
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Floodplains are an interface between groundwater and surface water, providing areas of groundwater
discharge or recharge. These areas may vary spatially or seasonally. For example, some areas may always
be a discharge or recharge point, based on relatively constant groundwater levels and flow patterns. Other
areas may act as a recharge point during dry months when the water table is low, and a discharge point
during the wet season when the water table rises. Groundwater recharge and discharge are critical to
maintaining baseflows, which are in turn critical to maintaining aquatic habitat and water quality during
dry months (by maintaining wetted channels and delivery of cool, oxygenated water).

Floodplains are also a setting for riparian ecosystems. Riparian ecosystems are found where high water
tables, overbank flooding, or channel meandering occur. Riparian ecosystems are a highly variable
environment, both spatially and temporally. They form a transition between terrestrial and aquatic
ecosystems. They are saturated or flooded during most of the wet season, while the water table recedes
below the root surface during the summer. Riparian ecosystems have a high flux of energy, water, and
other material. As such, they generally have high plant and animal species diversity, high species and
biomass density, and high productivity (Mitch and Gosselink 1993). The importance of riparian areas to
fish and wildlife is discussed in the Chapters 6 and 7.

Caplow et al. (1992) identified 367 wetlands in the Nooksack River floodplain®, covering 6,406 acres, or

approximately 18 percent of the floodplain. Table 3-1 shows the percent of identified wetlands that
provided various ecological functions according to the rating categories developed for the study.

Table 3-1. Functions of Nooksack River Floodplain Wetlands (from Caplow et al. 1992)

Wildlife Habitat 74%a
Fish Habitat 76%"
Flood Storage 86% °
Base Flow Support 78%°
Water Quality 98% ?
Groundwater Discharge 40% ® ¢
Groundwater Recharge 100% ¢
Cultural 68%°
Shoreline Stabilization 52%°
Heritage 58% ®

?  Function/Value rated as Medium or High, on a scale of Low, Medium, and High. Remaining wetlands rated low for that

function.

Function/Value rated as Possible or Known, on a scale of Unlikely, Possible, and Known. Remaining wetlands are rated
unlikely to provide the function.

Function/Value rated as Possible or Probable, on a scale of Unlikely, Possible, and Probable. Remaining wetlands are rated
unlikely to provide the function.

Caplow et al. (1992) state that the Nooksack River floodplain is underlain by an unconfined aquifer, thus all wetlands in the
floodplain are considered likely to act as recharge wetlands. Caplow et al. state that the evaluation of groundwater discharge
is speculative, and is based on indicators such as inundation, lack of inlets, springs, and peat. All wetlands in the floodplain
are considered recharge wetlands, while only some of them may have indicators of discharge.

The functions and values listed above are also described in subsequent chapters pertaining to wetlands,
fish and wildlife habitat, geologically hazardous areas, and aquifer recharge areas.

° Within the FEMA 100-year flood boundary, from the mouth of the river to the limits of County jurisdiction,
including the South, Middle, and North Forks.
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3.3 HUMAN ACTIVTY AND FREQUENTLY FLOODED AREAS

The most common types of human disturbance to floodplains are filling, channelization, creation or
alteration of barriers, and alteration of land cover. Each of these is described below.

Filling is typically performed to floodproof an area so that it may be developed. Without compensatory
volume replacement, filling would reduce floodplain storage. FEMA model regulations require that the
cumulative effect of a proposed development, when combined with all other existing and anticipated
development, will not increase the water surface elevation of the base flood more than one foot at any
point within the community. Additionally, fill in the floodway (where water is likely to be deepest and
fastest) will potentially create constrictions that increase flood heights. FEMA model regulations require
that proposed encroachments in the floodway not increase flood levels during the occurrence of the 100-
year flood discharge (FEMA 2004b).

Filling, paving, soil compaction, and construction of impervious surfaces also increase runoff (increasing
peak flows and durations of elevated flows) and reduce infiltration (reducing groundwater recharge and
base flows). Surface erosion can also increase from filled sites and from agricultural fields if proper best
management practices (BMPs) are not in place (e.g., buffers, relay crops, etc.).

Stream or river channelization can be described as the deliberate or unintended alteration of channel
slope, width, depth, sediment roughness or size, or sediment load (Bolton and Shellberg 2001). Widening,
deepening, dredging, removal of live or dead vegetation, bank armoring, straightening, and construction
of levees or similar structures may alter these variables. The physical effects of channelization include
higher flow velocities, increased sediment transport, bank instability, loss of channel capacity, increased
flood heights in downstream areas, and draining of wetlands. These effects in turn result in damage to or
loss of stream and wetland habitat (Bolton and Shellberg 2001). Channelization also results in loss of
natural habitat-forming processes, and even intentional homogenization of the channel. As a result,
channel complexity is reduced, and specific habitat types (pool-riffle sequences, logjam-formed pools,
meander pools, etc.) are reduced or eliminated. Loss of specific habitat types (pools, eddies, and off-
channel areas), increased flow velocity, and longer durations of elevated flows affect fish, invertebrates,
and periphyton (an important source of food) by sweeping organisms downstream, and by scouring food
or redds.

Filling and channelization also reduce the water quality maintenance function of floodplains, through loss
of wetlands and floodplain vegetation that filter sediment, nutrients, and chemicals, and by reducing the
volume of flood flow that interacts with the floodplain outside of the channel.

Barriers are features that restrict the movement of water, sediment, animals (fish), or other material such
as LWD, either downstream or laterally within the floodplain. Barriers may also restrict channel
migration. Barriers include levees, embankments, bridges and culverts, floodplain fill, bioengineering
structures (cribwalls, rootwad/rock mixtures, etc.), and walls. Levees protect infrastructure from flooding.
Levees also affect conveyance and storage of floodwaters in two ways: (1) levees isolate naturally
occurring floodplain storage from the channel, and (2) levees constrict flows to a narrower channel,
resulting in increased flow depth and velocity. This may cause increased scour, sedimentation, and
transference of flooding problems to downstream areas (Hey 1994). Other types of barriers such as
bridges, culverts, fill, and embankments may impede flow, causing greater flood heights. Levees also
physically disconnect riparian areas, wetlands, and off-channel habitats from the main channel, which has
adverse effects on natural ecological processes (Bolton and Shellberg 2001).
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3.4 FLOODPLAIN MANAGEMENT AND PROTECTION TOOLS

There are several mechanisms for managing frequently flooded areas to mitigate flood hazards and
protect humans and natural habitats. These are described below.

As a condition of participation in the National Flood Insurance Program (NFIP), communities are
required to adopt and enforce a flood hazard reduction ordinance that meets the minimum requirements of
the NFIP (44 CFR 60.3); however, Washington State law (RCW 86.16) contains some additional
requirements that are more restrictive®. FEMA requires that communities meet State standards as well.
FEMA and the State of Washington have a Washington Model Flood Damage Prevention Ordinance
(FEMA 2004b) based on 44 CFR 60.3 and RCW 86.16. Although the Model Ordinance has recently been
updated (FEMA 2004b), the new Model Ordinance is substantially the same as previous versions (the
revisions are for consistency and clarity). The Model Ordinance has not been substantially updated
because there has been no recent revision to the National Flood Insurance Program or State regulations
(Steele 2004). Therefore, Whatcom County’s floodplain ordinance remains consistent with the Model
Code, and with State and Federal Requirements for flood control and protection.

Whatcom County’s ordinance, as based on the Model Ordinance, identifies flood hazard areas, provides
procedures for development permits, review, and enforcement, and provides standards for floodproofing
and flood control activities. These floodplain management tools are described below.

3.41 Restricted Uses

The restriction of development in the floodplain has a threefold purpose: (1) to reduce risk to human
health, safety, and property, (2) to prevent development activities from adversely affecting the capacity of
the floodplain or floodway to convey and store floodwaters, and (3) to preserve important ecological
functions of floodplains.

Development is restricted by the following measures:

e The Model Ordinance (FEMA 2004b) contains language prohibiting development of critical
facilities (e.g., schools, hospitals, emergency response facilities) anywhere within the 100-year
floodplain. The Model Ordinance does not deem this language mandatory. The primary purpose
of this prohibition is to protect the critical facilities, as opposed to protecting floodplain storage.
WCC 16.16.430A requires that no critical facilities be constructed in frequently flooded areas
without fully mitigating for flood hazards (by floodproofing). The River and Flood Division is in
the process of revising WCC Title 17, Flood Damage Prevention, to include: Critical Facilities
must be built outside the floodplain or elevated 3 feet above the base flood elevation.

e WCC 17.16.120A and the Model Ordinance prohibit encroachments within the floodway unless it
can be demonstrated that the proposed encroachment would not result in any increase in flood
levels during the 100-year flood. The purpose of this regulation is to protect floodplain storage
and conveyance.

e Development within the floodplain is also indirectly discouraged by requiring flood insurance as
a condition of Federal or federally backed financing, and by imposition of building standards that
increase the cost of construction within the floodplain (see below).

5 RCW 86.16.041(2)(a) prohibits construction or reconstruction, repair, or replacement of residential structures
within the floodway, except for repairs that do not increase the ground floor area, or the cost of which does not
exceed fifty percent of the market value of the structure. Farmhouses and structures identified as historic places are
exempt from this prohibition.
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3.4.2 Floodproofing

WCC and the Model Ordinance require floodproofing of new development and substantial improvements
to existing development within the floodplain, to reduce damage to structures during floods. Key
floodproofing provisions include the following:

e Anchoring to prevent flotation, lateral movement, or collapse;

e Construction of utilities to prevent entry of water during flooding;

e Elevation of residential structures to or above the base flood elevation (BFE)’;

e Prohibition of enclosed areas below the lowest floor, or allowance for flow of floodwaters; and

o Elevation of non-residential structures above the BFE or floodproofing so that portions of the
structure below the BFE are watertight and non-buoyant®.

Tsunami hazard protection and mitigation considerations are not included in the WCC or the Washington
Model Ordinance. This is a significant item that should be included in the WCC, ideally addressed
separately from frequently flooded areas. Although river flooding and tsunami hazards are similar
because they involve inundation and flowing water, tsunamis are much less frequent, yet potentially much
more destructive than river flooding (National Tsunami Hazard Mitigation Program 2001). The WCC
should be updated to identify tsunami hazard zones, and to establish zoning, building standards, and
requirements for protection and location of critical public facilities.

343 Restricted Alteration of Floodplains or Construction of Barriers

WCC requires that the cumulative effect of proposed development not increase the BFE by more than one
foot (WCC 17.12.030A.3) at any point in within the Area of Special Flood Hazard. As noted in Section
2.4.1, WCC 17.16.120A and the Model Ordinance also prohibit encroachments within the floodway
unless it can be demonstrated that the proposed encroachment would not result in any increase in flood
levels during the 100-year flood.

344 Flood Hazard Management Planning and Projects

The Whatcom County River and Flood Division is responsible for preparing Comprehensive Flood
Hazard Management Plans (CFHMPs) for specific flooding areas, including data collection, hydraulic
modeling, alternatives analysis, floodplain mapping and channel migration zone identification, and
coordination with the public and other agencies (Whatcom County 2004a). To date the Whatcom County
River and Flood Division has completed one CFHMP for the Lower Nooksack River. Other ongoing or
recent analyses that may provide information regarding flooding and related risks include the analyses of
the South Fork Nooksack River, Swift Creek, Saar Creek, Johnson Creek, Canyon Creek, Jones Creek,
Glacier and Gallup Creeks, Sandy Point, and Birch Bay. The major focus of staffing resources has been
on the Lower Nooksack River between Deming and Bellingham Bay, including the Everson-Sumas
overflow corridor (Note: Many of these were studies associated with geologically hazardous areas and are
addressed in Chapter 3.

7 WCC requires elevation “to or above” the BFE, which meets the minimum standard in the Model Ordinance.
However, elevation to one foot or more above the BFE increases safety and can reduce flood insurance premiums by
as much as 30 percent (FEMA 2004b). Note: River and Flood is currently revising Title 17 to include “one foot or
more above BFE”.

¥ FEMA sets insurance premiums based on rates that are one foot below the floodproofed level (e.g., a building
floodproofed to the BFE will be rated as one foot below) (FEMA 2004b).
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Once a plan is adopted, identified projects are developed and implemented under the County's Flood
Hazard Reduction Program (Whatcom County 2004b). The development of flood hazard reduction
projects within the context of comprehensive flood hazard management planning ensures problems are
not transferred to another location within the basin and that project implementation will result in a long-
term reduction in flood damages and public expenditures throughout the basin. Comprehensive flood
hazard management planning can also include other objectives, such as protection of floodplain
ecological functions and values. The process of project implementation includes detailed analysis and
design, permitting, and construction. Flood hazard reduction projects can be either structural or
nonstructural in nature. Examples of structural measures considered for the Lower Nooksack River
include the construction of setback levees and overflow spillways, and designation of overflow corridors
in overbank areas. Nonstructural flood hazard reduction projects include acquisition, relocation, and
elevation of flood-prone structures. The repetitive flood loss acquisition project is an example of this type
of project.

3.45 Flood Response

In Whatcom County, the Public Works Department River and Flood Division works closely with the
County's Division of Emergency Management to plan for and implement a coordinated response during
flood events to ensure public safety and minimize flood damages (Whatcom County 2004c). Every
October, the Department of Emergency Management hosts an annual flood meeting to bring all of the
agencies involved in responding to flood events together to review response procedures. Agencies
involved in emergency response include:

e US Army Corps of Engineers

e National Weather Service

e Red Cross

e  Whatcom County Sheriff's Office

e Police departments within cities impacted by flooding

e Fire departments within cities impacted by flooding

e Fire departments within unincorporated Whatcom County impacted by flooding
¢  Whatcom County Maintenance and Operations Division
e Lummi Nation

e British Columbia Ministry of Environment

e  Washington Department of Fish and Wildlife

e  Washington Department of Transportation

e Local media

In addition to coordinating with external agencies, Whatcom County's flood response includes the
mobilization of observers to evaluate flooding conditions in the field during floods. The Nooksack River
basin is divided into sectors. During a flood, staff from the Engineering Division of Public Works travel
throughout their assigned sectors and report back to River and Flood staff on actual flooding conditions in
the field throughout the event. River and Flood staff work with DEM and Maintenance and Operations to
prioritize problem areas and take appropriate measures to ensure public safety, minimize the loss of
public and private property and inform the public of current and expected flood conditions. Once a
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problem area is identified in the field, the situation is assessed to evaluate whether actions can be taken to
minimize damages. When appropriate, sandbagging operations will be initiated.

3.5 FINDINGS AND CODE RECOMMENDATIONS

Inventory Findings and Recommendations

Finding Although FEMA Flood Insurance Rate Maps (FIRMs) of the 100-year floodplain provide the
basis for designation of frequently flooded areas, these maps are in need of revision. The use
of FEMA maps is required for participation in the FEMA Flood Insurance Program. Whatcom
County designates Frequently Flooded Areas as “areas subject to a one percent recurrence
interval of flood water inundation or a 100-year base flood as mapped by the Federal
Emergency Management Agency’s flood insurance rate maps (FIRM) as amended for
Whatcom County FEMA'’s mapping” (WCC 16.16.410). The January 16, 2004 FIRMs for
Whatcom County are the official effective maps for Whatcom County and every city, town and
tribe in the County. FEMA is in the process of partnering with local agencies to update the
maps with more accurate mapping of floodway and flood fringe conditions. Hydraulic modeling
has been started, but has not produced results suitable for map updates.

Recommendation Revise the FIRM maps as recommended in the Lower Nooksack River Comprehensive Flood
Management Plan. Complete hydraulic models using methods consistent with FEMA’s FIRM
Modernization guidelines. Incorporate new floodplain mapping. Per WCC 16.16.140 and WCC
17.04.050, the FIRMs and any amendments are adopted into WCC by reference. Continue to
use the FIRMs for designation of 100-year floodplain areas.

Functions and Values Findings and Recommendations

Finding Whatcom County recognizes that natural floodplains, stream channels, and natural protective
barriers help accommodate and convey floodwaters (WCC 17.04.030).

Recommendation Maintain existing language in WCC 17.04.030

Functions and Values Findings and Recommendations

Finding WCC 16.16.400 (CAO Atrticle pertaining to Frequently Flooded Areas) states “It is the purpose
of this article to reduce the risk to life and property damage that result from floods. (Ord. 97-
056 § 1).” This statement does not recognize the value of frequently flooded areas for
maintaining and providing fish and wildlife habitat.

Recommendation Revise WCC 16.16.400 to state “It is the purpose of this article to reduce the risk to life,
property damage, and public facilities that result from floods, and to protect fish and
wildlife habitats that occur within frequently flooded areas.” Also state the intention that
that compliance with Title 17 shall be consistent with the provisions of WCC 16.16 that protect
ecological functions and values of critical areas and minimize risks of geologic hazards.

Functions and Values Findings and Recommendations

Finding WCC language does not establish the value of frequently flooded areas for providing an
ecologically necessary flow regime and forming, maintaining, and providing access to a full
range of functional salmonid habitats.

Recommendation Add new language (i.e., a new Section 16.16.410) establishing that, in addition to reducing the
risk to life and property damage, frequently flooded areas should also be managed to provide
an ecologically necessary flow regime and to form, maintain, and provide access to a full
range of functional salmonid habitats.

Whatcom County Planning and Development Services 553-1687-003
BAS Code Recommendations 3-9 May 2005



Flood Hazard Management Findings and Recommendations

Finding Whatcom County Code (WCC 17.04) is substantially consistent with the latest version of the
Washington Model Flood Damage Prevention Ordinance. WCC, as based on the Model Code,
identifies flood hazard areas, provides procedures for development permits, review, and
enforcement, and provides standards for floodproofing and flood control activities. Except:
Whatcom County Code requires elevation “to or above” the base flood elevation (BFE) for
residential and non-residential construction. The Model Ordinance advises jurisdictions to
adopt a standard requiring elevation to one foot or more above the BFE, to increase safety
and reduce flood insurance premiums (FEMA 2004b).

Recommendation Continue to protect floodplain functions and values through regulating building and
development, land clearing, and habitat protection. Revise WCC 17.16.080 and WCC
17.16.090 to require elevation of residential and non-residential structures one foot or more
above the BFE (this would be consistent with the Lummi Nation's Flood Damage and
Prevention Code (Title 15A of the Lummi Nation Code of Laws).

Flood Hazard Management Findings and Recommendations

Finding WCC Title 16 (CAO) refers to Title 17 (Flood Damage Prevention), but Title 17 does not refer
to Title 16. WCC 16.430B states “All development shall conform to the provisions of WCC Title
17, Flood Damage Prevention. (Ord. 97-056 § 1).”

Recommendation A similar reference should be adopted within Title 17, stating that flood damage protection
activities shall conform to Chapter 16.16.

Flood Hazard Management Findings and Recommendations

Finding WCC does not include definition of tsunami hazard zones or provisions for protection of
human health and property within tsunami hazard zones.

Recommendation WCC should be updated to include definition of tsunami hazard zones, such as the mapping of
Bellingham Bay by Walsh et al. (2004). The Walsh report does not address all tsunami hazard
areas in Whatcom County; mapping of other populated tsunami hazard zones should also be
undertaken. Title 17 should also be updated to include provisions for protection of human
health and property within tsunami hazard zones. These provisions would include zoning,
building standards, requirements for protection and location of critical public facilities, and
capital facilities to mitigate tsunami hazards. Building standards should include elevation and
engineering standards for buildings within tsunami hazard zones, similar to building standards
in river flooding hazard areas. Construction of new critical facilities should be prohibited in
tsunami hazard areas unless the need for the facility outweighs the

consequences of its loss during a tsunami (e.g., a fire station in a remote, tsunami-prone area
may be justified because it needs to be close to the population for routine emergencies).
Coastal evacuation plans and routes for tsunami hazard areas should be established
(including high bluff areas subject to wave erosion and secondary landslides).
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4. CRITICAL AQUIFER RECHARGE AREAS (CARAS)

Critical aquifer recharge areas (CARAs) are defined as areas that have a critical recharging effect on
aquifers used as potable water (WAC 365-190-030). Examples include sole source aquifers designated
pursuant to the federal Safe Drinking Water Act areas established for special protection pursuant to RCW
90.44, 90.48, and 90.54, and wellhead protection areas. Critical recharge areas function to protect human
health from contaminated drinking water (anti-degradation of ground water), and to maintain stream
flows and moderate temperatures for fish and wildlife habitat.

4.1 SUMMARY OF AQUIFERS IN WHATCOM COUNTY

Aquifers in Whatcom County generally occur in permeable glacial deposits and stream valleys in the
western part of the County, and in fractured bedrock and localized narrow stream valleys in the
mountainous eastern part of the County. The aquifers in the west are most productive and are part of the
Puget Sound Aquifer System described by Vacarro et al. (1998). A portion of this aquifer system extends
northward into Canada (Abbotsford-Sumas Aquifer International Task Force 1994). Locations of major
aquifers in Whatcom County are shown on Figure 1.

Much detailed work has been done to characterize and map surficial aquifers in Whatcom County. Little
is known about the size and water quality of confined aquifers in the region. Most of this work has
occurred in the Nooksack River Basin, which covers the western half of the County. Aquifers have been
explored and described in many basins in Whatcom County including Bertrand Creek, California Creek,
Dakota Creek, and Lake Whatcom. Ground water resources have also been studied on the Lummi Indian
Reservation and in the major cities and towns, such as Blaine, Lynden, Sumas, Everson, and Point
Roberts. These studies have identified the horizontal and vertical extent of major aquifers and intervening
aquitards (non-water bearing formations), the occurrence and movement of ground water in these aquifers
(including areas of recharge, discharge, and interactions with surface water bodies), and aquifer yields.

The Abbotsford-Sumas aquifer is the principal aquifer of the region, covers an area of approximately 100
square miles, and has a thickness generally ranging from 40 to 80 feet, although the maximum thickness
exceeds 240 feet in the vicinity of Abbotsford BC (Cox and Kahle 1999). Depths to groundwater are
typically less than 10 feet near streams and rivers, and up to 50 feet in upland areas (Kahle 1990). Ground
water in Whatcom County generally flows from recharge areas in the uplands towards the Nooksack and
Sumas Rivers, which are regional discharge areas. Ground water contributes a significant volume of
baseflow to streams, as discussed below. In coastal areas, ground water also discharges to the marine
waters of Georgia Strait and the Puget Sound.

4.2 OVERVIEW OF AQUIFER FUNCTIONS AND VALUES
4.21 Drinking Water Supply

Advantages of ground water as a water supply source include natural filtration as precipitation percolates
through unsaturated soils; protection from turbidity, algal blooms, and other surface water quality issues;
generally constant cool temperature; and readily accessible with wells and pumps. Ground water provides
more than 65 percent of drinking water for Washington State through private wells and public water
systems (Ground Water Protection Council 2004).
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The majority of Whatcom County’s drinking water supply capacity is surface water from Lake Whatcom
or the Nooksack River, which provides drinking water to approximately 65,000 people (nearly half the
County population. However, over 95% of the 347 public water systems in the County rely on ground
water, and approximately 20,000 homes obtain water from domestic (exempt) wells (Whatcom County
Water Team 1999). The largest purveyors of ground water in the County are the cities of Blaine, Sumas,
and Everson (Whatcom County Water Utility Coordinating Committee 1993). The agriculture and dairy
industries in the County also rely heavily on ground water for irrigation and process water. Ground-water
use in Whatcom County has been estimated at 45 million gallons per day (Utah State University 2002).

4.2.2 Base Flow to Streams

Ground water and surface water systems constantly interact with respect to recharge and discharge of
ground water. One critical interaction is discharge of ground water into streams as base flow during parts
of the year and the recharge of ground water from streams during other parts of the year. The magnitude
and timing of ground water discharge and recharge depends upon the relative elevations of the stream bed
and the water table, the flow gradient between the aquifer and the stream, the water-transmitting
characteristics of the geologic strata the comprise the aquifer and the stream channel, the location and
extent of pumping from ground water wells, drainage activity, climate, and other actions and conditions
that affect aquifer recharge. Base flow from ground water also provides critical water volumes to support
fish life cycles (including moderation of stream temperatures) and to maintain water supplies that obtain
water from streams and rivers.

A number of past and current studies provide insights into base flow contributions from ground water,
including Lindsay (1998), Gibbons and Culhane (1994), and Sinclair and Pitz (1999). These studies
indicate that the shallow aquifers of Whatcom County are responsible for approximately 70 percent of
stream base flow (Ground Water Protection Council 2004).

423 Discharge to and Recharge from Wetlands

Shallow aquifers can be recharged by wetlands and can also discharge to wetlands that support vegetation
and wildlife. Wetlands provide beneficial water quality functions including particulate filtration and
buffering of pollutants. The interrelationships of wetlands, aquifer recharge, discharge from shallow
aquifers, and water quality occur on both a landscape and site-specific scale. Assessment of the potential
impacts of changes in ground water conditions (such as water-table elevation, ground water recharge and
discharge rates, and water quality) on wetlands requires field data to define wetland hydrology and
function.

424 Storage of Infiltrated Precipitation

Aquifers can provide temporary storage of the portion of precipitation that infiltrates into the ground and
moves downward past the root zone (i.e., is not lost to the system through evapotranspiration). This
storage can function as a detention mechanism that reduce stormwater runoff and allow delayed discharge
into streams and lakes well after the precipitation event. Stored ground water becomes a resource for
water supply, base flow, and discharge to wetlands and other surface water bodies, such as lakes and the
marine waters of Georgia Strait and Puget Sound.
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4.3 OVERVIEW OF CRITICAL AQUIFER RECHARGE AREA ISSUES
4.3.1 Susceptible Aquifer Recharge Areas

Aquifer susceptibility is defined as the ease with which contaminants can move from source areas to the
aquifer based solely on the characteristics of surface and subsurface geologic materials in the unsaturated
zone above the aquifer (Cook 2000). For example, an aquifer with a ground water depth less than 20 feet
and overlain by course sand and gravel would have high susceptibility to contamination, but a confined
aquifer overlain by 50 feet of clay would have a relatively low susceptibility.

Susceptibility can be estimated in a number of ways ranging from evaluation matrices supported by the
scientific literature and field data, to ground water computer models calibrated with data from field
aquifer tests. Studies and mapping conducted to date in Whatcom County (such as Vaccaro et al. 1998;
Cox and Kahle 1999; and Utah State University 2002) provide a strong base of information for
identification of susceptible aquifer recharge areas.

4.3.2 Vulnerable Aquifer Recharge Areas

Aquifer vulnerability is defined as the combined effects of susceptibility and the presence of chemicals
above the aquifer at specific locations (Cook 2000). The factors that contribute to vulnerability include
the nature of the chemical threat (potential or confirmed release), the form of the chemicals (solid or
liquid), the toxicity of the chemical, and the mobility of the chemicals in the subsurface.

Vulnerability can be approached from varying levels of detail. For example, non-point contamination
sources such as agricultural chemicals may best be addressed on a regional scale, whereas point sources
such as leaking underground storage tanks or registered hazardous waste disposal sites are best addressed
on a site-specific basis. Completed and ongoing contamination studies in Whatcom County have
identified a number of impacts to ground water, the largest of which are due to agricultural chemicals,
fertilizers, and animal wastes (Erickson 1991, 1992, 1994, and 1998). Impacts to ground water from
leaking underground storage tanks and landfills have also been documented (Wang and Peck 1989;
Walker and Wyatt 1990). Databases and geographical information systems maintained by the Department
of Ecology Toxics Cleanup Program (http://www.ecy.wa.gov/programs/tcp/cleanup.html) can provide an
efficient means of updating potential or confirmed releases to ground water.

4.3.3 Wellhead Protection Areas

The 1986 amendments to the federal Safe Drinking Water Act mandated measures to protect ground
water supplies through wellhead protection. The State of Washington adopted regulations (WAC 246-
290-135, Source Water Protection) to address these requirements. Potable water-supply purveyors in
Washington using ground water must develop and implement wellhead protection programs that include
delineation of protection areas around each well, and inventory of contamination sources within wellhead
protection areas, and development and implementation of water supply contingency and spill response
plans to address contamination incidents that could cause loss of a well. The U.S. Environmental
Protection Agency (1987, 1993) and Washington State Department of Health (1995) provide guidance for
wellhead protection program development. A number of water purveyors in Whatcom County have
delineated wellhead protection areas, including Blaine, Sumas, Everson, Deer Creek, and Pole Road
(Whatcom County Water Team 1999). In addition, the Lummi Nation has a wellhead protection program
and has delineated wellhead protection areas that extend north of the Reservation boundary into Whatcom
County (LWRD 1997).
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The State of Washington wellhead protection regulations exclude individual domestic wells and well
systems that do not meet the definition of public water supplies. The well drilling regulations (WAC 173-
160) include requirements to locate water wells minimum distances from potential contamination sources
such as feedlots and landfills.

434 Sole Source Aquifers

The federal Safe Drinking Water Act also authorized the United States Environmental Protection Agency
(USEPA) to designate aquifers that are the sole or principal source of drinking water for an area. To meet
the criteria for designation, a sole source aquifer must supply at least 50 percent of the drinking water to
persons living over the aquifer, and there can be no feasible alternate source of drinking water.
Designated sole-source aquifers are subject to EPA review for proposed projects that are to receive
federal funds and that have the potential to contaminate the aquifer. No sole source aquifers are
designated in Whatcom County.

4.3.5 Susceptible Ground Water Management Areas and Special Protection Areas

WAC 173-100-010 provides guidelines, criteria, and procedures for the designation of ground water
management areas, subareas, or zones and to set forth a process for the development of ground water
management programs. The objectives of these designations are protection of ground water quality,
assurance of ground water quantity, and efficient management of water resources for meeting future
needs while recognizing existing water rights. WAC-173-200-090 addresses designation of special
ground-water protection areas that require special consideration or increased protection. As of this
writing, no susceptible ground water management areas or special protection areas have been designated
in Whatcom County.

4.3.6 Ground Water Quantity

The quantity of ground water present in aquifers under natural conditions represents an equilibrium of
recharge, storage, and discharge, and responds to changes in climate. Land-use activities that can affect
ground water quantity by reducing recharge include impervious surfaces with drainage diversion,
drainage ditches, ground water cutoff trenches, overpumping from wells and springs. Increases in
recharge also occur as a result of irrigation, leakage from irrigation canals, and septic system discharges
in areas served by surface water supplies.

4.4 HUMAN ACTIVITY AND AQUIFER FUNCTIONS
441 Ground Water Quality

Use and disposal of chemicals is the principal cause of adverse impacts to ground water quality from
human activities. Leaks and spills of chemical products and hazardous residues from manufacturing
operations, storage tanks, shipping containers, and waste disposal areas are major point sources of
contamination. On-site septic systems that are improperly installed or maintained are also potential point-
sources of ground water contamination. Non-point sources of ground water contamination include runoff
from agricultural areas, field application of fertilizers and manure at greater than agronomic rates,
concentrated agricultural feeding operations, paved and unpaved areas used by vehicles or used for
chemical storage, and areas where airborne dispersion of hazardous chemicals has contaminated soils. As
noted previously in this section, adverse impacts on ground water quality from agricultural operations
have already been documented in Whatcom County. Principal chemicals of concern are nitrates (from
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fertilizer applications, animal feedlots, and animal waste lagoons) and fumigants used as pesticides (such
as ethylene dibromide and dibromo chloropropane).

Recent studies indicate that on-site septic systems can be a significant contributor to ground water
contamination, depending upon system density and hydrogeologic conditions. Generally, a maximum
density of one system per one acre is sufficient to avoid ground water contamination (Cook 2000).
However, varying soil types and depths may cause modification to this one system per one acre suggested
density.

Intrusion of saltwater from marine water bodies into coastal aquifers can result from overpumping of
wells and reversal of ground water flow directions from seaward to landward. Areas of the Lummi Indian
Reservation have been affected by saltwater intrusion (Whatcom County Water Team 1999).

44.2 Ground Water Quantity

Withdrawal of ground water at rates and/or volumes exceeding natural recharge causes depletion of
ground-water storage in aquifers. If this situation persists for an extended period of time, significant
declines in ground water levels and change of flow gradients and directions can occur, and damaging
compaction of the aquifer matrix can result from extreme long-term water level declines. In principle,
ground water withdrawals are regulated by the Department of Ecology through water rights, although
ground water withdrawals that are less than 5,000 gallons per day (approximately 3.5 gallons per minute
continuous pumpage) and for the certain purposes (stock watering, single or group domestic purposes,
industrial purposes, or watering a lawn or non-commercial garden that is not larger than one-half acre) are
exempt from the water-right permitting process.

Natural ground water recharge rates can be reduced by changes in land use. For example, agricultural
drainage systems and drainage systems associated with roads and urban areas are specifically designed
and constructed to intercept water that would, in an unaltered state, discharge from the site and recharge
aquifers. Similarly, installation of impervious areas (such as pavement and buildings) and soil compaction
from heavy equipments, and changes in vegetation type and quantities can affect recharge rates to ground
water (Fair 2003). Techniques to mitigate some of these impacts are addressed by the Stormwater Manual
for Western Washington (Ecology 2001) and section 20.97.187 (Impervious Surface) of the Whatcom
County Code (2004).

Agricultural drainage systems, stormwater collection and conveyance systems in developed areas, and
impervious surfaces have the effect of reducing the amount of ground water available to support baseflow
in streams. Decreased recharge can lower ground water levels and cause reversal of ground water flow
directions and gradients. The aquifer is then recharged by the stream (i.e., stream flow depletions are
increased), rather than discharging to the stream to augment baseflow.

443 CARA Designation
4.4.3.1 Aquifer Susceptibility and Vulnerability to Contamination

Three factors generally dominate determination of aquifer susceptibility (Cook 2000):
e overall permeability of the unsaturated zone (soil and underlying geologic strata);
e thickness of the unsaturated zone (depth to ground water in unconfined aquifers); and

e amount of available recharge.
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Rating systems with tables of representative values of geologic characteristics are available from
guidance documents (Cook 2000) and technical references. These rating systems can be applied to
specific aquifers to obtain a relative susceptibility score, which can then be used to support development
of policies and protective measures.

Aquifer vulnerability is generally more difficult to address because of the significant amount of time
required to obtain and organize information regarding the distribution of chemicals in areas underlain by
aquifers. Organizations with effective geographic information system (GIS) resources and staff
availability (such as Whatcom County) are best equipped to add a vulnerability component to CARA
designation. Existing resources such as the pilot study of aquifer vulnerability in the Nooksack Basin
(Morgan 1999), the contaminated sites mapped by the Department of Ecology, and the documented areas
of nitrate and pesticide contamination are available to support this effort.

Data already compiled and described above for Whatcom County are sufficient to support determination
of aquifer susceptibility and vulnerability. General recommendations regarding rating systems are
provided below.

4.4.3.2 Wellhead Protection Areas

Wellhead protection areas (WHPASs) designated by water purveyors (as required by WAC 246-290-145)
and wellhead protection areas delineated by the Lummi Nation (LWRD 1997) should be added to the
County’s CARA map. Zones corresponding to the 1-, 5-, and 10-year ground-water travel times to each
well or well field should be shown, if available. Superposition of all designated WHPAs illustrates where
aquifers are currently used for water supply. The mapping should be update periodically to allow for
additions and deletions of specific water wells. WHPA delineation data for Whatcom County public water
supply systems are available for transfer to a CARA map.

4.4.3.3 Areas of Ground Water Overdrafts and Water-Level Declines

The quantity aspect of CARAs is best addressed by identfying and mapping aquifer areas where
withdrawals have caused depletion of storage and resulting declines in water levels (i.e., “ground water
mining”). Other contributing factors to ground water level declines include agricultural drainage systems
installed to lower ground water levels, stormwater collection and conveyance systems along roads, and
impedance of ground water recharge by impervious surfaces. These phenomena may be evident on a local
or regional basis. Ground water mining is a seasonal issue in Whatcom County, which is a concern in
terms of instream flow, water quality (including saltwater intrusion), and well pumping. While current
information is insufficient to determine if net depletions are occurring on an annual basis, the resulting
seasonal changes in ground water levels can have significant impacts to ground water recharge, ground
water discharge, ground water availability, and ground water quality.

444 Inventory of Known or Potential Ground Water Contamination Sources

The USEPA maintains records of Superfund site investigations and cleanups in Washington State. The
Department of Ecology maintains records of confirmed and suspected chemical releases; locations of
underground storage tanks; holders of permits for discharges to ground water; and holders of permits for
hazardous waste treatment, storage, and disposal facilities. The Whatcom County Health Department
issues permits for solid waste facilities and has records regarding the regulatory status of each facility.
Database search firms are also available for custom searches in specific areas regarding chemical storage
and releases to the environment. All of these data sources could interface with the Whatcom County GIS
system to provide mapping of known and potential contamination sources.
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44,5 Prohibited Activities

Aquifer protection regulations typically include lists of activities that are prohibited in highly susceptible
CARAs or WHPAs. Such activities are usually associated with hazardous materials or wastes and can
include landfills, injection wells, and commercial and industrial facilities that use highly toxic and mobile
chemicals. The inclusion and selection of prohibited activities may depend upon a balance between
aquifer susceptibility and mitigation of risks by means of stringent regulatory requirements and design
requirements, through application of conditional permits. Clarification must be provided regarding
prohibition of new activities and phasing out of existing activities, if considered.

4.4.6 Conditionally Permitted Activities

Land use activities posing risks to ground-water quality and quantity that can be mitigated are candidates
for conditional permits. Many such activities in Whatcom County are already regulated by the
Department of Ecology, with specific requirements for design and monitoring. Proposed actions that
would involve pumping above the aquifer recharge rate would be addressed through water rights
permitting, and associated engineering studies, and project mitigation to prevent aquifer depletion and
unacceptable water level declines.

4.4.7 Exempt Activities

Certain activities present low potential impacts to ground water quality and quantity and may not be
practical to regulate. One example is residential use of chemicals and fertilizers. An effective means of
addressing such issues is community outreach and easily accessible guidance resources. Clarification of
regulatory application to existing versus new land uses must also be addressed.

44.8 Site-Specific Hydrogeologic Reports

One of the most effective and documentable means of evaluating potential adverse impacts to CARAs
and supporting conditional use permit applications is a site-specific evaluation of hydrogeologic
conditions and project impacts to ground water. Cook (2000) provides a comprehensive listing of
potential requirements for such investigations and reports. A site-specific investigation provides the
opportunity to tie together potential impacts of the project to ground water quality, recharge, discharges to
streams and wetlands, and water levels. Requirements for hydrogeologic reports can be adjusted
according to aquifer susceptibility.

4.5 FINDINGS AND CODE RECOMMENDATIONS

Finding Recommendation

General CARA Findings and Recommendations

Finding #1 Existing data and reports, combined with the GIS capabilities of the County, provide an
excellent information base to support development of CARA designations and aquifer
protection measures by Whatcom County.

Recommendation Use water quality, water quantity, and land use data to support creation of the CARA
component of Article 5 of the County Code.

Characterization and Mapping of Aquifers in Whatcom County

Finding #2 Existing data are sufficient to support mapping of major aquifers in Whatcom County.
Recommendation Compile mapping data from County GIS and technical reports to map aquifers. Distinguish

between unconfined and confined aquifers, to the extent feasible.
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Finding

Recommendation

Determination of Aquifer Susceptibility and Vulnerability to Contamination

Finding #3

Recommendations

Existing data are sufficient to determine aquifer susceptibility and to support vulnerability
assessment.

Use the guidance and data resources in Appendix Two of Cook (2000) as the basis for
determining susceptibility of specific aquifers. Support with recent field data if available.
Plot on the CARA map and apply color codes to map susceptibility of these aquifers.

Compile all available wellhead protection area (WHPA) designations from public supply
wells, using information from water purveyors, the Lummi Nation Natural Resources
Department, the Whatcom County Health Department, and the state Department of Health
as resources. Superimpose WHPAs on the CARA map.

Evaluate the results of the contamination inventory (see below), to determine if or when to
add a vulnerability analysis to the susceptibility determination. Consider the incremental
resources and costs required to accomplish this step.

Identify areas of ground-water level declines and potential overdraft, in coordination with
the Department of Ecology. Plot on the CARA map.

Inventory of Known or Potential Ground-Water Contamination Sources

Finding #4

Recommendations

Resources are available to map point and some non-point contamination sources,
including Ecology web site mapping tools and technical reports of past contamination
incidents.

Determine the desired scale and scope of contamination source mapping, including staff
and GIS availability.

Separate documented chemical release from potential releases and superimpose on
CARA map.

Petition for Formation of a Ground-Water Management Area

Finding #5

In consideration of documented ground water quality problems from agricultural
chemicals, commercial and organic fertilizers, and seasonal declines in ground water
levels from excessive pumpage and drainage activity, consider a petition to forms a
ground-water management area under WAC 173-200.

Develop Sections for Update of Chapter 16,16, Critical Areas, Article V, Critical Aquifer Recharge Areas,
Sections 16.16.500 through 16.16.599 (as needed)

Finding #6

Recommendations

The model code outline for CARAs in Washington State (Washington Office of Community
Development (2002); attached as Appendix A) provides an appropriate basis for updating
Article 5.

Use sections of the Model Code as follows:

X.30.010, CARA Designation: Insert “Highly and Moderately Susceptible Aquifer
Recharge Areas” as the first item under designation. Susceptibility will be determined as
described above in Section 4.5.1.1. Note that there are currently no sole-source aquifers,
susceptible ground-water management areas, or special protections areas designated in
Whatcom County. Delete the “Moderately or Highly Vulnerable Aquifer Recharge Areas”
until vulnerability has been incorporated into the designation process.

X.30.020: delete
X.30.030: no change
X.30.040: check for consistency with County stormwater and wastewater regulations

X.30.050: Critical Area Report: no change; coordinate with general critical area report
requirements that apply to all critical areas in Chapter 16.16.

X.30.060 Performance Standards: no change

X.30.070(A) Storage Tanks: Add references to compliance with existing Department of
Ecology regulations pertaining to underground petroleum tanks (WAC 173-360) and
hazardous materials tanks (WAC 173-303)
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Finding Recommendation

Finding #6 X.070(E) Performance Standards — State and Federal Regulations: Include the “Animal
Recommendations Feeding Operations/Concentrated Animal Feeding Operations, WAC 90.64” in the table of
(continued) “Statutes, Regulations, and Guidance Pertaining to Ground Water Impacting Activities”

X.30.080 Uses Prohibited from Critical Aquifer Recharge Areas: add Dry Cleaning
Facilities and other Facilities that use Perchlorethylene (PCE); add Facilities that use
Fuels Containing Methyl Tertiary Butyl Ether (MTBE)

Finding #7 Article V does not address the ground water quantity issue with respect to impacts on
critical aquifer recharge areas.

Recommendation Add a new section to Article 5 regarding activities that may diminish groundwater
recharge, deplete aquifer storage, reduce ground-water levels, or have other negative
impacts on ground-water quantity and required mitigation measures.
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5. WETLANDS

Wetlands are generally defined as “areas that are inundated or saturated by surface or ground water at a
frequency and duration sufficient to support, and that under normal circumstances do support, a
prevalence of vegetation typically adapted for life in saturated soil conditions (WAC 173-22-030(19)).
Wetlands generally include swamps, marshes, bogs and similar areas (Federal Register 1982, 1986).

Wetlands provide important biological and social functions. These functions include flood control, water
quality improvement, base flow contribution, nutrient sequestration, fish and wildlife habitat, and
education opportunities (Mitsch and Gosselink 2000; Hruby et al. 1999; Cooke Scientific Services 2000).
This paper provides an overview of the best available science pertaining wetlands and wetland
management’. The information focuses on research conducted in the Pacific Northwest and environments
such as those found in Whatcom County. This Chapter also describes some of the challenges of managing
wetland areas in rural and urban settings.

Several recent publications have synthesized much of the available scientific information on wetlands in
the Pacific Northwest, and are referenced throughout this paper. They include:

e Freshwater Wetlands in Washington, Volume 1: A Synthesis of the Science. Sheldon et al.,
(2003);

o (Critical Areas Assistance Handbook. Washington State Department of Community, Trade, and
Economic Development;

e  Whatcom County Wetlands GIS Mapping by Hydrogeomorphic Classification. Gersib, R. (2000);
e Wetland Buffers: An Annotated Bibliography. Publ. 92-11. Castelle et al. (1992a);
e Wetland Mitigation Replacement Ratios: Defining Equivalency. Castelle et al. (1992b).

5.1 OVERVIEW OF WETLAND INVENTORY

Whatcom County currently contains an estimated 82,000 acres of wetlands ranging in type from forested
swamps in freshwater settings to estuarine marshes along the coast (Gersib 2000). Past glacial deposits
and scouring created the landforms and landscape conditions that sustain the numerous types of wetlands
in Whatcom County. Peat deposits cover approximately 10 percent of the County, a greater acreage than
any other county in Washington State (WCPD 1992a,b). Most of the large wetland systems are associated
with the floodplains of major rivers and streams, or with large lakes. Whatcom County encompasses
approximately 3,012 miles of rivers and streams and their estuaries, 16 major lakes and dozens of smaller
ones, and 134 miles of marine shoreline (WCPD 2003). The greatest wetland acreage is located in the
west portion of the County from sea level to 600 feet in elevation in flat to rolling terrain. Most of the
County’s wetlands are located on lands in agricultural use.

Whatcom County contains two main physiographic regions: the Cascade Range and the Whatcom Basin
(Goldin 1992). Elevations in the Whatcom Basin range from sea level to 600 feet. Glacial landform
processes have formed the relatively flat Whatcom Basin (Goldin 1992; WCPD 1992a). Bellingham drift,
a relatively impermeable glacial deposit consisting primarily of clay and silt, covers a large area of
western Whatcom County. Wetlands are common on Bellingham drift deposits (WCPD 2003). The

? This review is based upon a review of existing information; no fieldwork was performed for this study.
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Cascade Range in the east portion of the County is rugged and mountainous, rising steeply up from the
lower elevations of the Whatcom Basin in west of Sumas, Nooksack, and Cedarville.

Portions of three major river drainages, the Nooksack (Water Resource Inventory Area No. 1 [WRIA 1]),
Upper Skagit (WRIA 4), and Lower Skagit/Samish (WRIA 3) are found in Whatcom County. These river
systems and associated tributaries shape the landscape and contribute to the formation of wetlands and
their functions. Most of Whatcom County, not including federal lands, is located within WRIA 1, which
is comprised of the Nooksack River watershed and certain adjacent streams including the Sumas River,
other tributaries to the Fraser River, and a number of coastal stream systems including the Lake Whatcom
watershed. The Nooksack River system alone contains approximately 1,300 miles of streams and
tributaries (Goldin 1992). Mount Baker-Snoqualmie National Forest in Whatcom County is positioned
within the Nooksack and the Upper Skagit (WRIA 4) areas. South of Bellingham, a small portion of the
Lower Skagit/Samish (WRIA 3) extends into Whatcom County to encompass Lake Samish.

The National Wetland Inventory identified wetlands in Whatcom County based on the USFWS wetland
classification system (Cowardin et al. 1979). The USFWS wetland classification system or Cowardin
system characterizes wetlands according to water sources (i.e., freshwater or brackish) and type of
vegetation (i.e., forested, scrub-shrub, etc.). According to the National Wetland Inventory the following
classes of wetlands are common in Whatcom County: palustrine, riverine, open water, and estuarine.
Vegetation types in palustrine and riverine wetlands include forested, scrub-shrub, and emergent.

In 1991, Whatcom County prepared a Critical Area Inventory Report to describe 15 Category 1 Wetlands
deemed as having exceptionally high quality and important local significance. This inventory covered
mainly the lowland areas of the County (WCPD 1992a). Two of the Category 1 wetlands described are
estuarine and the remainder are associated with lakes and ponds. Information provided for each of the 15
wetlands includes a general description of wetland hydrology, soils, vegetation, ecology and wildlife
habitat, and recommendations for protection (WCPD 1992a).

In 2000, the Washington State Department of Ecology (Ecology) identified potential wetlands in the
Nooksack basin of Whatcom County using the hydrogeomorphic (HGM) wetland classification system
(Gersib 2000) (Figure 2, to be provided at the Committee Meeting). The HGM wetland classification
system, developed by the US Army Corps of Engineers (Brinson 1993), characterizes wetlands according
to hydrologic and geologic features of the landscape within which the wetland has formed rather than
vegetation or habitat types. To complete the Nooksack wetland inventory, each square mile in the basin
was investigated using 1:12,000 scale stereo-paired black and white aerial photographs, existing hydric
soils data, geologic maps, and existing wetland inventories (Gersib 2004 personal communication).
Gersib (2000) identified expansive estuarine fringe wetlands associated with major bays and harbors,
large areas of depressional flow-though wetlands in the east portion of the County, and extensive riverine
wetlands associated with the main river and stream systems, most along the Nooksack River forks and
mainstem. Many of the riverine wetlands are identified as being impounded. Other hydrogeomorphic
wetland classes identified by Gersib (2000) in Whatcom County include depressional closed, lacustrine
fringe, river channel, flats, and slope flow-through.

Gersib also developed a detailed GIS database linked to the HGM wetland inventory for evaluating
wetland functions and values in the Nooksack basin (Gersib 2000). Wetland functions were divided into
17 specific functions covering important water quality parameters, flood water support, groundwater and
base flow support, biological support and habitat, and human values. Existing information from scientific
literature and from field studies in Whatcom County (mostly geology and hydrology) was used to develop
a model for evaluating these functions in Nooksack basin wetlands. The resulting GIS data were used to
identify wetlands with the greatest potential for providing each of the 17 different wetland functions, and
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wetlands with the greatest restoration potential for these functions. This database was designed to be
queried for information regarding potential wetland functions and values in the Nooksack basin. The main
purpose for developing this database was to enable resource agencies to select appropriate restoration
sites for providing specific functions (Gersib 2004 personal communication).

NRCS has also conducted a number of wetland delineations in Whatcom County. These wetland
delineations are found on USDA Farm Service Agency Maps and are currently in the process of being
digitized.

According to the existing inventories and GIS information, wetlands identified in Whatcom County
encompass a substantial percent of the entire County area (Figure 5-1). The majority of the wetland area
found in the County is located within the Birch Bay area, Drayton Harbor, and the Sumas River
watersheds (Gersib 2000). However, the area of potential wetland in each drainage basin changes
substantially if hydric soils are used as an indicator of potential wetlands, particularly in the Sumas and
Lynden North drainage basins. Both Lynden North and Sumas have considerably more wetland area if
areas with hydric soils are mapped and are assumed to have been wetlands prior to hydromodifications
such as agricultural and roadside drainage.

Comparison of Wetland Area by Watershed
Using Different Mapping Sources

16000 |
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Figure 5-1. Comparison of Potential Wetland Areas by Watershed "’

Considering all wetlands mapped through the Whatcom County inventory, by Ecology (Gersib 2000), and
areas of hydric soils (NRCS 2002), the basins with the highest percentages of potential wetlands are
Sumas (13%), Lynden North (11%), Drayton Harbor (10%), Birch Bay (9%), and Lummi Bay (8%)
(Figure 5-2). These mapping methods surely have significant overlap. Although Lummi Bay, Lummi

' The Potential Wetlands mapping effort focused on the area west of the National Forest Boundary. Tidelands are
not included in the acreage estimates. Acreage estimates are for Whatcom County only, not watersheds extending in
Canada or Skagit County. For more information about wetland maps see Combined Wetlands Map.
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Peninsula, and Portage Island wetlands are included in this inventory, these areas are portions of the
Lummi Reservation and are not subject to the Critical Area Ordinance and other County regulations.

Upper Mainstem Nooksack ~ BellinghamBay ~ Birch Bay Area

4% 3% 9%
Ten Mile Campbell River
6% 0%
Sumas River Watershed Drayton Harbor
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: Fraser River Watersheds
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Lake Whatcom
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Figure 5-2. Percent of All Potential Wetlands in Whatcom County by Watershed
Management Area
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Land use pressures have affected wetlands throughout Whatcom County. Forestry and agricultural land
uses cover almost 74 percent of unincorporated Whatcom County while residential development
constitutes 11 percent of this land area (WCPD 2003). Commercial, industrial, and other uses make up the
remaining areas.

Agriculture, forestry, and urban development have modified vast wetland areas in the Whatcom Basin.
During the past century many previously forested wetlands had the timber harvested and then were
drained for agriculture purposes, as evidenced by the extensive tile drainage used in many agriculture
areas (Goldin 1992). Approximately 60 percent of the acreage (60,000 acres) used for crops and pasture
in Whatcom County requires drainage of excess surface and subsurface water. This drained agricultural
land is recorded as being prior converted cropland by NRCS (Gillies 2004 personal communication).
Under federal law, under certain conditions prior converted cropland can continue to be drained and
cropped in accordance with the 1985 Food Security Act. However, many of these prior converted
croplands meet the definition of wetland under the State’s 1997 wetland delineation manual and the
GMA.

Wetland areas in the Cascade Range portion of Whatcom County are generally associated with the
Nooksack River system including numerous steep-sided tributaries. Forestry is the main land use in the
Cascade Range and forestry along with agricultural land use have dramatically altered wetland systems in
this portion of the County. This analysis focuses on wetlands in the Whatcom Basin because this is
primarily where the County regulations apply.

5.2 OVERVIEW OF WETLAND FUNCTIONS AND VALUES

As integral parts of the natural landscape, wetlands provide important functions and values for both the
human and biological environment. Ecological functions are the combination of physical, biological, and
chemical processes that characterize an ecosystem (NRC 1995; WAC 173-26; Brinson and Rheinhardt
1996). The types of functions performed by wetlands and the degree to which these functions are
performed depend on several elements including wetland size and location within a basin, vegetation
diversity, and the level of disturbance. While each wetland provides various beneficial functions, not all
wetlands perform all functions, nor do they perform all functions equally well (Novitzski et al. 1995).
Some of these functions provide goods and services that are beneficial to humans and society therefore
places value on these functions (NRC 1995; Leschine et al. 1997).

The functions provided by wetlands and their human-assigned values have been identified and evaluated
in several studies (Null et al. 2000; Adamus et al. 1987; Mitsch and Gosselink 2000; Hruby et al. 1995;
Reppert et al. 1979; Cooke Scientific Services 1995). These include:

e Flood water attenuation and flood peak desynchronization;
e Stream base flow maintenance and groundwater support;

e  Water quality improvement;

e Shoreline protection;

e Biological support and fish and wildlife habitat; and

e Recreation, education, and open space.

The following sections describe how freshwater and estuarine wetlands in Whatcom County perform
these functions.
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5.21 Freshwater Wetlands
5.2.1.1 Flood Water Attenuation and Flood Peak Desynchronization

Wetlands control stormwater flow by attenuating surface water runoff during and after storms and slowly
releasing it to groundwater and/or to adjacent water bodies. Research has shown that this function can
reduce and desynchronize peak flood crests and flow rates of floods (Novitzki 1979 and Verry and
Boelter 1979 in Mitsch and Gosselink 2000). The efficiency of a particular wetland system in controlling
runoff is based on factors such as its location on the landscape, the storage capacity and outlet discharge
capacity of the wetland relative to the magnitude of stormwater inflow (Marble 1992; Reinelt and Horner
1991). The effectiveness of a wetland in reducing downstream flooding increases with:

e An increase in wetland area;

o The size of the flood;

e The proximity to an upstream wetland;

e The wetland’s proximity to the flooded area; and

o The lack of other storage areas (Mitsch and Gosselink 2000; Erwin 1990).

Depressional flow-through wetlands located in the floodplain of the Nooksack River and other stream
floodplains, and in headwater areas in Whatcom County are highly valuable for flood flow control due to
their position in the landscape. Large floodplain wetlands such as Tennant Lake located in the Nooksack
floodplain receive flood waters on a regular basis and have the capacity to store excess water even during
the wet winter season, when soils are already saturated to the surface (WCPD 1992a). The lower Silver
Creek drainage includes wetlands with high value for flood attenuation (WCPD 1992b). Wetlands
positioned higher in the watershed, such wetlands along Kendall Creek (WCPD 1992b), generally provide
greater flood flow attenuation because they help to prevent flooding along a longer area of river or stream
reach than those wetlands located lower in the watershed, which only provide more localized flood water
attenuation. Most wetlands in Whatcom County provide some level of flood flow support, with closed
depressional wetland providing the highest levels.

5.2.1.2 Stream Baseflow Maintenance and Ground Water Support

Wetlands contribute to stream baseflow and groundwater recharge by retaining large quantities of water
and slowly releasing it to streams or groundwater (Mitsch and Gosselink 2000; Erwin 1990). While the
contribution of wetlands to near-surface (surficial) aquifers has been documented, relevant studies on
deep aquifer recharge by wetlands are lacking. Generally, available studies indicate that some wetland
types provide greater recharge to groundwater systems than others (Carter et al. 1979; Novitzki 1979;
Carter and Novitzki 1988). Weller (1981) suggested that substantial recharge occurs around the edges of
small depressional wetland systems and that seepage into the ground is highest where the edge is large
relative to the water volume.

Wetlands can provide a continuous flow of water to streams because of their ability to store and slowly
release water. This function is particularly important to stream flow-sensitive salmonids in the Pacific
Northwest, because wetlands provide baseflow during the region’s dry season (City of Portland 2001;
Booth 2000; May et al. 1997; Mitsch and Gosselink 2000). Generally, large (10 acres or greater),
permanently flooded, depressional wetlands that are connected to salmonid streams and are located in the
upper one-third of the watershed have the best ability to provide stream baseflow and groundwater
support (Brinson 1993; Gwin et al. 1999; Cooke Scientific Services 2000). Wetlands in the upper part of
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the watershed affect flows in many downstream segments, whereas wetlands lower in the watershed have
less of an affect on the overall stream system.

In Whatcom County, wetlands located in stream and river headwater areas likely provide the greatest
stream baseflow maintenance as they are typically fed by springs and distribute surface water to streams
all year long. These wetlands may be classified using the HGM method as depressional flow-through or
slope wetlands. Pangborn Lake and the H-system (Dakota, South, Bertrand, and Canadian ponds)
wetlands are good examples of headwater wetlands that provide surface water recharge for major fish
bearing streams including Johnson Creek, Dakota Creek, and Bertrand Creek (WCPD 1992a). Surface
water in the Bertrand Creek area is known to be hydraulically connected with the shallow Outwash
Aquifer (Ecology 1990).

Most wetlands in Whatcom County with no surface water connection to streams or lakes have formed
above relatively impermeable glacial deposits (WCPD 1992a), typified by a high seasonal water table,
and are not likely to provide groundwater support due to their underlying geology. The impermeable
layers beneath these wetlands limit groundwater support beyond a seasonal level near the surface.

5.2.1.3 Water Quality Improvement

Wetlands also improve water quality in surface waters through the removal of sediment and pollutants
from storm water through “biofiltration” (Mitsch and Gosselink 2000; Cooke Scientific Services 1995).
The vegetative structure of wetlands slows the flow of water, causing sediments, nutrients (primarily
nitrogen and phosphorous), petroleum products, heavy metals, pesticides, and herbicides to settle out of
the water column (Sipple 2002). Anaerobic and aerobic processes in wetlands promote denitrification,
chemical precipitation, and other chemical and biological reactions that help to remove pollutants from
water (Brettar and Hoefle 2002; Mitsch and Gosselink 2000; Sheldon et al. 2003). Nutrients, such as
nitrogen and phosphorous, are taken up by vegetation; as vegetation dies, some of these nutrients are
stored in wetland sediments, where decomposers further convert nutrients to biological use and contribute
to the breakdown of some petroleum products. Some nutrients are exported from wetlands to adjacent
water bodies after seasonal die-off of emergent plants. Wetlands can remove chemicals, such as some
petroleum products, heavy metals, and some pesticides that are not converted to biological uses and
permanently store them in wetland sediments (Gambrel and Trace 1994). Disruption of wetland soils and
increased water fluctuations in the wetland may resuspend sediments and export buried pollutants.

The ability of a wetland to perform biofiltration can depend on a wetland’s physical configuration, size,
location within the basin, vegetation community structure, and productivity (Ecology 1996; Marble
1992). Wetlands remove particulates through settling, which is controlled by water velocity, particle size,
residence time of water in the wetland, and physical filtration through vegetation and substrate (Ecology
1996; Sather and Smith 1984). Wetlands can have pronounced effects on water quality if they:

e Are located downstream from sources of pollutants (agriculture, urban development);
e Contain 80 percent or more vegetative cover;

e [Experience low velocity stormwater flows;

e Have a restricted outlet; and

e Attenuate 50 percent or more of overland flow (Mitsch and Gosselink 2000; Cooke Scientific
Services 2000; Ecology 1996).
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In addition, wetlands that are most effective at biofiltration, particularly nutrient and toxics removal, are
those that (Sheldon et al. 2003):

e Contain diverse and dense, persistent vegetative classes;
e Contain organic or clay soils (Brettar and Hoefle 2002);
e Are in the depressional class; and

e Have seasonally ponded areas.

A combination of these characteristics, organic or clay soils, persistent vegetation, depressional
characteristics, and seasonally ponded areas provide the greatest overall potential for water quality
improvement in Western Washington (Sheldon et al. 2003). Organic and clay soils are more likely than
mineral soils to bind with metals and synthetic organic toxicants (Gambrell and Trace 1994); though high
organic matter has been shown to increase the survival of fecal coliform (Tate 1978 in Gersib 2000).
Wetlands with diverse vegetation are most effective at nutrient cycling; dense emergent vegetation is
particularly effective because it takes up nutrients rapidly and slows water flow allowing sediments and
pollutants adsorbed to sediments to settle. Forested areas store greater amounts of nutrients for longer
periods but generally offer less frictional resistance to water flow (Ecology 1996).

Once a wetland has been filled with sediment and is no longer able to provide storage, sediments and
chemicals, such as heavy metals and phosphorous, will be transported out of the wetland. The
filling/sedimentation reduces the water residence time, which means that soils and vegetation have less
time to interact with nutrients and pollutants. The loading rate of the incoming water may exceed the
wetlands’ capacity to assimilate sediments, nutrients, and pollutants, so they get passed downstream
(Mitsch and Gosselink 2000; Ecology 1996).

Many wetlands in Whatcom County contain the characteristics needed for water quality functions. A
large percentage of the wetlands in Whatcom County are classed as depressional (Gersib 2000). Wetland
soils in Whatcom County are commonly organic due to the high percentage of peat deposits, involving 10
percent of the total area of the County (WCPD 1992a). Clay soils are also common in lacustrine and
estuarine wetlands (Goldin 1992). The low topographic relief of these glacially formed wetlands has
resulted in the formation of large expanses of dense emergent wetland areas (WCPD 1992a). Many
wetlands exhibit zonation where open water is surrounded by a ring of emergent, scrub-shrub, and
forested habitats in a step-wise fashion of progressively taller vegetation at slightly higher elevations.
Examples of wetlands that have potential to provide a high level of water quality functions include the
Lake Terrell Creek and H-System wetlands (WCPD 1992a). Most of the Category 1 wetlands described in
WCPD (1992a) provide high water quality functions due to their organic soils, depressional areas, dense
vegetation, and large size, and most have the opportunity to provide this function given surrounding
agricultural, industrial, and residential land uses.

5.2.1.4 Erosion / Shoreline Protection

Wetlands located adjacent to or upstream of water bodies or erosive areas can provide erosion / shoreline
protection by decreasing the velocity of surface water flows (Sheldon et al. 2003). The ability of wetlands
to perform this function depends on the presence of woody vegetation, the configuration of the wetland
(channel constrictions can slow the flow of water), and the substrate type (Carter 1986; Greeson et al.
1979; Sather and Smith 1984; Brinson 1993; Sheldon et al. 2003). The erosion control function is
particularly effective in depressional and riverine wetlands where flow velocities are slow, the wetland is
wide relative to channel width allowing flooding to occur, and vegetation is dense and woody (Hruby et
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al. 1999; Sheldon et al., 2003). Wetlands in basins that have relatively undeveloped shorelines and banks
that contain dense woody vegetation along the ordinary high water mark (OHWM) of a lake or stream
and extend more than 200 to 600 feet from the OHWM provide the highest level of shoreline protection
and erosion control (Hruby et al. 1999; Cooke Scientific Services 2000). Wetlands that extend less than
200 feet provide less protection.

Many depressional, riverine, and lacustrine wetlands located adjacent to or upstream of rivers, streams,
and lakes in Whatcom County provide erosion/shoreline protection to these water bodies. Wetland
vegetation along the shorelines of these water bodies stabilizes river and lake banks during high-water
periods. Adjacent and upstream wetlands provide areas for flooding, decreasing the erosion potential of
floodwaters. Wetlands providing this function include various floodplain wetlands along the Nooksack
River, Tenant Lake, Lake Terrell, Terrell Creek, Whatcom Lake, Beaver Lake, the H-Street wetlands, and
many others (WCPD 1992a).

5.2.1.5 Biological Support and Fish and Wildlife Habitat

Wetlands provide opportunities for wildlife grazing on living plants, and for organisms that depend on
detritus and/or organic debris for a food source (Sheldon et al. 2003; Sipple 2002). Vegetated wetlands
and upland forest habitats are highly productive systems (Hruby et al. 1999). Streamside vegetation can
contribute up to 90 percent of the energy in aquatic food webs of headwater streams (Budd et al. 1987).
These food sources are especially important for fish that feed on both terrestrial and aquatic insects,
which in turn feed on organic matter exported from adjacent riparian areas including wetlands (Cummins
1974 and Gregory et al. 1991 in City of Portland 2001; Higgs et al. 1995).

Wetland habitats generally provide greater structural and plant diversity, more edge habitat where two or
more habitat types adjoin, more varied forage, and a more predictable water source that increases wildlife
species abundance and diversity compared to upland habitats (Kauffman et al. 2001; O’Connell et al.
2000). Many species of waterfowl, amphibians, insects, fish, and some species of mammals (such as
muskrat) depend on wetlands for foraging, breeding, and refuge. Wildlife species richness increases when
wetlands are surrounded by natural undisturbed upland habitat (WDFW 1992; Richter and Azous 2001;
Azous and Horner 2001; Hruby et al. 1999). Wetlands and surrounding upland buffers provide specialized
habitat and linkages for many species of wildlife including special status species (e.g., endangered,
threatened, proposed, candidate, sensitive, monitor and species of local importance) (Mitsch and
Gosselink 2000; Hruby et al. 1999).

Wetlands in Whatcom County provide food, cover, and breeding sites for a diversity of organisms.
Relatively undisturbed or protected wetlands such as those associated with Lake Terrell, Pangborn Lake,
Beaver Creek, Dailey Prairie, and the H-Street wetlands provide excellent wildlife habitat as they contain
a variety of vegetation types, open water, and forest structure for breeding, cover, and forage (WCPD
1992a; WCG et al. 2002). These wetlands provide habitat for numerous animals including waterfowl,
birds of prey, songbirds, elk, beaver, muskrat, frogs, salamanders, snakes, and freshwater fish. Some
wetlands associated with the Nooksack River and other stream and lake systems provide pools for rearing
juvenile fish.

State priority wildlife areas documented in Whatcom County wetlands include habitat for waterfowl and
shorebird concentrations, trumpeter swan, cavity nesting duck, band-tailed pigeon, bald eagle, sandhill
crane, great blue heron, and wood duck, among others (WDFW 2004; WCG et al. 2002). Some of these
areas are used seasonally and others are used year round. Wintering bald eagles concentrate along the
Nooksack River where they feed on thousands of migrating salmon, steelhead, and cutthroat trout (Goldin
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1992). Other special status species that are associated with wetland habitats in Whatcom County include
Puget Sound Chinook salmon, bull trout, coho salmon, pileated woodpecker, osprey, and merlin.

5.2.1.6  Recreation, Education, Cultural Resources, and Open Space

Because wetlands and their associated uplands are unique habitats, they provide natural areas for
recreational and educational opportunities. Wetlands are economically important as recreation areas. In
Whatcom County some wetlands provide habitat for large numbers of migratory waterfowl and for fish
that attract sport hunters and fishers (WCPD 1992a). Other recreational activities popular in wetland areas
include hiking, wildlife viewing, and boating.

Wetlands are important for scientific research, education, and the preservation of cultural resources.
Whatcom County encompasses several unique wetland types including some relatively pristine bogs like
Pangborn Lake, and fens like the Dailey Prairie Fen (WCPD 1992a). Cultural resources are often found in
highly productive systems such as wetlands (Olivier 2001). The anaerobic conditions of wetlands,
especially of bogs and fens, act to preserve cultural resources that would degrade in drier conditions
(Davidson 2001).

Wetlands are also highly valued as open space within urban communities such as Bellingham. In
urbanizing areas, aquatic resources and adjacent uplands may provide the foundation for greenways and
open space. Property values in neighborhoods surrounding wetlands tend to be higher than those in areas
with no natural open spaces (Todd 2000).

In Whatcom County, as noted in the Whatcom County Comprehensive Plan, wetlands and adjacent
uplands provide important resources for wildlife viewing and other forms of passive recreation (such as
photography) and education about natural wetland-upland ecosystems. These areas can also be important
for commercial purposes because they attract tourists and local visitors such as hunters.

5.2.2 Estuarine Wetlands

For the purposes of this report, estuarine wetlands include vegetated and unvegetated areas that
experience periodic effects of marine saltwaters. These areas lie above the Extreme Low Water of Spring
tides (Cowardin et al. 1979)"'; subtidal areas below this level are not considered estuarine wetlands.
Kneib (2000) considers tidal channels whose connection with open estuary are not interrupted at high tide
to be part of the marsh “ecoscape”. These include low order tidal channels and small “rivulets” that cross
“creekbank boundaries between subtidal channels and the vegetated intertidal”. In the Cowardin
classification, the Extreme High Water of Spring tides'? is considered the landward extreme of an
estuarine wetland, however we consider tidal effects to include not only inundation by tidal waters but
also deposition of materials by tidal storms and surges and infiltration of tidal waters. Consequently,
especially in large estuaries or estuaries exposed to marine storms, the upland boundary of an estuarine
wetland may be slightly higher than the Extreme High Water of Spring tides. Estuarine buffer areas may
be affected by the marine climate but are not directly affected by marine waters. Buffer areas are
considered transitional areas, ecotones, where high tide aquatic habitat merges into terrestrial habitat
(Jamieson and Levings 2001)".

' Extreme lower low water (ELLW) in the Pacific Northwest.
12 Extreme higher high water (EHHW)

" Note, in the hydrogeomorphic terminology, estuarine wetlands are considered a subclass of “fringe” wetlands and
are defined as “wetlands occurring at the margin of topographic depressions in which the depth of permanent surface
water is greater than two meters deep” (Gersib 1997). Only vegetated areas are considered wetlands (Shafer and
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Like freshwater wetlands, estuarine wetlands provide many of the functions discussed in the previous
sections. In some important ways, however, the physical processes of estuarine wetlands, and
consequently the functions they perform and their vulnerability to human alterations, differ significantly
from those in freshwater wetlands. The fluctuations of marine tidal waters affect processes of sediment
deposition and erosion, the location and timing of salinity and suspended sediment conditions, the balance
of hydraulic pressures, exchange of organic and inorganic inputs between the marine and terrestrial
components, and the distribution of all the plants and animals that are adapted to the dynamic stresses of
estuarine areas. The fact that estuarine wetlands are always the most downstream wetlands in a watershed
makes estuarine wetlands vulnerable to effects from upstream habitat changes and pollutant loads as well
as from local and marine-side conditions. The following discussion highlights the ways that estuarine
wetlands may function differently than freshwater wetlands. However, the information provided above
concerning freshwater wetland functions is also pertinent.

5.2.2.1 Tidal Flood Water Attenuation

Estuarine wetlands contribute to flood water attenuation by containing flood waters within tidal channel
volumes, providing marsh surface area over which flood waters can spread (sheet flow), and by slowing
water as it encounters vegetation and woody debris. Over longer time frames, the slope and elevation
range of an estuarine wetland and the length, depth, and sinuosity of its tidal channels express an
equilibrium between sediment deposition (that occurs when waters spread and slow) and erosion created
by tidal and freshwater currents and flushing flows (Pethick 1984; Collins et al. 1987; Callaway 2000).
The mid-tide sections of a channel, when a channel is half full, contain the fastest flowing waters and
water velocities slow as they rise during the flood tide and spread over the marsh surface (Pethick 1984).
Velocity differences during flooding and ebbing tides cause finer sediments to be laid down closer to
shore and upper portions of estuarine channels are usually net sediment traps. Mudflats and marshes that
lie above mid-tide are analogous to the floodplain of a river (Pethick 1984). Consequently, when
landscape processes are intact, the slope and height of an estuarine wetland will naturally protect upland
areas from most high water conditions. The same volumes and surfaces that contain marine tidal flow can
contain and slow freshwater floods. When freshwater flood volumes increase, they will displace marine
waters and occupy the same areas that marine waters otherwise would (Pethick 1984).

The shape of the shoreline, including aspect with respect to marine storms and surges, slope, the existence
of protective spits, the existence of anthropogenic shore defense works along the shoreline, and the
existing vegetation affect the ways that marine and freshwaters interact. In a situation of combined marine
storms and high freshwater flows, a protected shoreline can reduce the strength of marine velocities and
flows so that freshwater floods meet less resistance at the mouth and can spread more over the surface of
the bay or mix with marine waters. A curving or irregular shoreline can provide more edge area to receive
and absorb marine flows and more surface area for spreading of marine and freshwater flows. The slope,
shape, and softness of adjacent upland areas also contribute to attenuation by providing area for unusual
storm events to be absorbed. The adjacent uplands aid in flood control by reducing the velocity of runoff
and encouraging the infiltration of precipitation and runoff (Rhode Island Coastal Zone Buffer Program
1994).

Depending on how estuarine wetlands are defined, the shorelines of Whatcom County include between
1,052 (2004 Whatcom County GIS database estimate of NWI acres) and 14,311 (2004 Whatcom County

Yozzo 1998). Surface water in fringe wetlands has bidirectional horizontal and vertical components — in estuarine
fringe wetlands this is due to forcing from tidal action. We include both unvegetated areas and areas with surface
water less than two meters as long as they experience bidirectional flow of either surface or groundwater due to tidal
forcing.
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GIS database estimate from Gersib [2000]) acres of estuarine and estuarine fringe wetlands. The NWI
does not include unvegetated marsh areas while the Gersib inventory includes large intertidal fringing
flats at the mouths of rivers in large bays such as Drayton Harbor, Birch Bay, Lummi Bay, and
Bellingham Bay. Both vegetated and unvegetated areas provide surface area and channel volumes for
floodwater attenuation. In addition, all of the major bays, especially Drayton Harbor, are relatively
protected from marine storms; by virtue of their broad, curved shorelines, protective spits, and extensive
fringing flats (visual assessment of maps produced by Whatcom County GIS). Buffer cliffs such as those
near Chuckanut Bay provide less attenuation of marine floods, but Chuckanut Bay itself is protected. A
smaller, Class 1, estuarine wetland south of Cherry Point likely contributes to local protection from
freshwater flooding along with freshwater wetlands in the area but may provide more protection to the
shoreline from tidal surges than from freshwater floods (Whatcom County GIS map).

5.2.2.2 Stream Baseflow Maintenance and Ground Water Support

As part of the shoreline system of hydraulic connections between marine waters and the surface and
groundwaters of rivers and freshwater wetlands, estuarine wetlands participate in stream base-flow
maintenance and groundwater support in lower portions of a watershed. The lower watershed connections
between groundwater, surface water, hyporheic areas'!, marsh pore water, and marine tidal waters are
balanced via hydraulic pressures mediated by estuarine geology and sediment interstitial spaces.
According to Stasavich and Brinson (1995) “The central hypothesis of the Virginia Coast Reserve LTER
is that ecosystem, landscape, and successional patterns are controlled by the relative vertical positions of
the land, sea, and fresh-water table, also known as "free surfaces". At these free surfaces, there is a zone
of diffusion where the two waters meet. Geologic conditions affect the hydrologic continuity between
surface, ground, and marine waters (Walters 1971). In order for saltwater intrusion of fresh groundwater
to occur in coastal areas or on islands, an aquifer must be in hydraulic connection with marine water and
the hydraulic head of the groundwater must be lower than sea level (Dion and Sumioka 1984). In
undisturbed watersheds, the height of the water table (the potentiometric surface) is higher than sea level
and decreases toward the coast so that freshwater movement is seaward. When the gradient is decreased
or reversed, seaward flow of freshwater is reversed and saline water can move upslope (Dion and
Sumioka 1984). Freshwater pumping is the main means of lowering the elevation of the potentiometric
surface and reducing the gradient.

Walters (1971) stated that many aquifers of economic importance on the Washington coast have at least
moderate permeability where wells are located but may be sufficiently sealed geologically the seaward
edge so that salt water intrusion does not occur. In some cases, however, an aquifer that is either above
sea level or currently disconnected from marine waters can have elevated salinity due to remaining or
relict seawater that has not been flushed with freshwater since it was left during previous geologic times.
This relict seawater can cause elevated salinity in groundwater if it is tapped directly or if pumping levels
are high enough that freshwater quantities are reduced and relict salt water that has been pushed to the
extreme ends of an aquifer is drawn to mix with freshwater in the main portion of the aquifer.

Where connections between marine and terrestrial water exist, the balance of hydraulic pressures along
free surfaces is affected by the size and slope of the watershed, the amount of freshwater flow and
groundwater pressure relative to marine flow and pressure (related to both tidal range and volume or tidal
prism) and local and watershed geology and soils. These attributes determine estuary conditions such as
the upstream extent of salinity in the riverine water column and groundwater, percolation of freshwater
onto mudflats and marsh surfaces (Tobias et al. 2001a), and the movement of organic and inorganic
materials through terrestrial and marine surface waters and interstitial spaces (Tobias et al. 2001b,c). As

'* The hyporheic zone is the biologically active interface between groundwater and stream bed.
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part of this system of connections, estuarine wetlands play a large role in transferring energy between the
marine and terrestrial systems. Groundwater withdrawals, changes in surface freshwater flow, and
subsidence and compaction of estuarine wetlands can all change the balance of pressures and,
consequently, the location of the salt-fresh water interface both in surface waters and in ground waters.

All of Whatcom County’s estuarine wetlands provide a protective function for groundwater and, simply
by their size, help to maintain the location of the estuarine salinity gradient within the estuarine landscape.
Walters (1971) found that many wells in Whatcom County produced water with slightly to very high salt
concentrations. He felt that many of these concentrations were more likely produced by relict seawater
than by salt water intrusion. However, in nearshore mainland wells, he found a relationship between well
depth and salinity that could indicate intrusion. Nine of ten wells with depths greater than 100 feet had
salt concentrations greater than 50 mg/l (Freshwater has a concentration of less than 10 mg/L, EPA
drinking water concentration threshold is 250 mg/l USGS reports - e.g., Dion and Sumioka [1984]) -
consider concentrations greater than 100 mg/l indicators of saltwater intrusion or relict seawater). He
found no evidence of saltwater intrusion on the Lummi Peninsula or along the southeast coast, except in a
few places. On the Lummi Indian Reservation, he found that even shallow wells that did not extend below
sea level had elevated chloride concentrations and so attributed the concentrations to relict seawater. He
felt that salinity concentrations in at least one well at Point Whitehorn were likely due to salt water
intrusion, however other wells likely contained relict seawater. He found evidence of saltwater intrusion
on the northeast shoreline of Lummi Island between the northern most point and Lummi Island
(community) and near Village Point. Along Point Roberts, he found seawater intrusion in a small area
along the west shore, south of the community of Point Roberts. This intrusion may be due to aggregate
pumpage in the area during the summer season.

By 1978, Dion and Sumioka found that increased over 1968 concentrations on the western shore of the
Lummi Penninsula near Gooseberry Point (noted also by Cline in 1974). They reported that several wells
on Lummi Island had been abandoned or destroyed because of excessive salinity.

Shorelines where hydric soils indicate that groundwater supplies are close to shore and near the surface
are especially vulnerable to salt water intrusion. Especially in these areas, it is important to preserve
estuarine wetlands at the interface between upland and aquatic systems and limit freshwater pumping to
buffer groundwater from salt water intrusion.

5.2.2.3 Water Quality Improvement

The sediments of estuarine wetlands perform similar filtering functions as the sediments in freshwater
wetlands and constitute a significant component of the water exchange pathways between terrestrial and
marine environments (Liu et al. 2001). Estuarine sediments filter and recycle nutrients and particulates
and store stable toxic compounds so that they are removed from the water column. Water quality and
sediment quality in estuarine wetlands are important for the protection of native shellfish resources and
aquaculture (http://whatcomshellfish.wsu.edu/;  http://www.psat.wa.gov/Programs/Shellfish.htm), to
maintain habitat and food quality for invertebrates and juvenile salmon feeding and rearing (Attrill and
Power 2000; Thom and Borde 1998; Giles and Cordell 1998), to protect non-migratory fish, especially
bottom-feeding fish (West and O’Neill 1998), and to protect birds, predatory fish, marine mammals, and
humans that feed on estuarine plants and animals (Simmonds et al. 1998).

Temperature, dissolved oxygen, and salinity affect the presence, growth, and survival of native shellfish
and aquaculture species. Within a normal range, variation in temperature and salinity over time and space
in an estuary can increase species diversity (Hackney et al. 1976). However, extremely low dissolved
oxygen or high water temperatures create physical stress on resident and transient species, which can
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affect their access to habitats or have negative effects on their growth and survival (Hackney et al. 1976;
Kneib 2000; Craig and Crowder 2000).

Estuarine wetlands can improve water quality in shoreline areas by trapping pollutants and recycling
nitrogen and organic matter within the sediments. Though marshes tend to be nitrogen limited,
experiments have indicated increased loading of nitrogen can, to a point, be taken up by vascular plants
and microbes (Teal and Howes 2000). Surface water, and, to some extent, interstitial water, is oxygenated
by the flushing actions that occur during tidal exchange as water moves through marsh channels and
vegetation and percolates through sediments. During high tide, cooler water replaces warmer,
deoxygenated water in channels and marsh pools. Tidal exchange dilutes contamination, transports carbon
and nitrogen offshore, and provides a means for clearing interstitial spaces that allow for nutrient
exchanges between terrestrial and marine components.

Water quality is an important component of habitat. Even when recreational and habitat open spaces are
preserved in an estuary, water quality can continue to limit the use of those areas by humans, animals, and
plants. For example, even if large areas of estuarine marsh are preserved, nutrient enrichment, fecal
coliforms, or contaminants can be transported in runoff to the marsh surface and eventually to nearshore
waters. Though the marsh can absorb some of these substances, what it can not absorb can lead to
excessive growth of green algae (and subsequent decomposition and consumption of dissolved oxygen) at
the marsh edge, reduction in eelgrass production, and to the concentration of disease organisms or other
pollutants in plants and animals. Stressful abiotic conditions (e.g., high temperatures, low dissolved
oxygen) can reduce the productivity of fish or shellfish and contamination can make them unfit to eat.

Most of Whatcom County shoreli