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1 INTRCDiCTI4N

L 1 BChCiROLND

Sea level is anticipated to rise by as llluch as 5iinches over the 11eTt ce11h1Tthicll ji11 have

major implications for many of the cities that sulroulxl San Francisco Bay The Havearc1

Shoreline from San Leandro Creel to the Alameda Creek Flood Control Clialuiel is atpical
East San Francisco Bav lov1llla shoreline 11ic1t provides vital ecoloical ilulustrial atlcl

resiclelltial filtlctioils vet is alleacly lllllerable t0 lllllliclatloll tlOlil 1Otll tlclal alld fllllal sources

Figure 11

The Havtvarcl Area Shoreline PlalllllllAe11cHASP jzfishes to cleternline the impact of the

anticipated sea level rise in San Francisco Bay on the Havesard Shoreline and the actions that can

1e taken t0 plotect both thetetlallclti a11C1 SllOrelllle Clevdloplllellt 111 t1llS area The plallli1116 Ot the

Sotrtll Bay Salt Policl Restoration Project be theiS Fish andtilcilife Se1icetzi11 aclclress the

11Oected Cllalle111ea leveljltlllll the HASPA plalllilll area t0 the SOlltll Of HtRllt4a T1ll8

leaves the area north ofHihav92 to San Leandro Creel the Sea Level Rise Studs Area to be

addressed in this report Figure 12

The l3llllle1o11Q Sea Rlse Shldv Area 1S cO111pOSdcl Of several SllCCeBShil jTetla11C1 llllh6ah011 allcl

ellllalicelllelltlrotectS that lla 1dell 111 e118tellce tOr lllall eart These lilltlatloll areas there

Clevelopecl based 11p011 a cO1151Stellt tlclal re61111e tolrolCle llabltat alid tOraae tOr lilall SleCleB

These areas also folYll a tidal buffer that protects both public alxl private improvements and

facilities built aloil the inboard levees and hence tllell COlit11111ec1 eistellce is critical to the

protection of this shoreline

12 YLKPOSE

Over the nett 50 hears there is the potential for accelerated sealevel lice to ezpose the culrentlh

bUfJelecl1eaC11eS Of the Sh01e1111e t0 ttiaeact1011 a11C1 pOtelltlal tlOOCllll The goal of this project is

to provide HASPAtith a preliminal assessment of the possible impacts and strategies to

mallaae the affects ofsealevel rise on both the nahual alxl clevelopecl resources in the Sea Level

Rise Shuih Area
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2 SHORELINE RESPONSE TO SEA LEVEL RISE

21 GEOLOGICLPEKSPECTIyE

Sea level rise is not a recent phenomenon in San Fra11c1SC0 Bay The intertidal yetlancl habitats of

the South Bav evoledover the lastx000 ears as gradually rising relative sea level inulxlatecl

the gentle sloping margins of the Bav Figure 21 Tidal marsheslept pacejith rising relative

sea level by sedimentation and the accunullation of orgaluc material such as peat jyitlue marsh

soils at about the elevation ofthe mean higher high ater11IIfitater et crl 1979 atson

2000 As relative sealevel rose at a mite of about 10 cm 1 in per cenhil tidal marshes

migrated illlancl creating eltensive vegetated marsh plains cirainecl Uy a coniplez lletyork of lame

sinuous tidal chamlels Each tidal chamlel has a tidal yatershed the marsh area that each

channel tills and drains and their scale dictates the size and density of the tidal chamlel sstem

formed in equilibrium with the tidal prism of upstream marshes OlT et crl 2003 These

yatersliecis aled1St111g111Slldd bV elSubtle c11a11geS 111 elevat1011 a11C1 111 the allclellt 111arS11eS Of

Sall Fra11c1SC0 Bay lllalSllplalll pO11ClS can occur at the yatersltecl clivicle Collies a11c1 Grossillger

2UU They receive tidal illtloyonly on the highest titles and can become 11persalille in the

sunlnler At the inland edge of the transgressing marsh seasonal salt pans also form yhere tidal

drainage is least effective

IthadllStlllelit Ol the estllar t0 r15111g sealeelboth 111arsheS a11C1 11111ClflatS llloyed 1111a11C1

StrOllg tyllidj4aVe act1011 gradllall erOClecl the baVlrOllt lllalSll edge evelltllall tOrllilllg the

eZte11S1eS11a1101yS alicl 111uClflat lilarglll Ol the Sollth Bav tyllile the laltcljyarcl edge of the marsh

aCla11Ced inland The Slclpe Ol t1uS elOS1011a1 p1at101lll111a111ta111S all egllllibrllllll 101111 jVltli the

longterm wave climate sediment supply and sealevel rise Roberts et 7l 2000 Because this

erosional platforlu consists of cohesive sediments of the bulled ancient marsh it is highly
cO11SOllClateCl ffilcl 111 the llilrej4aVdd1pOSdCI 1re1S call be COyereCl ba Veneer Ot SallCl allCl SllZll

ave action ryas strongest anti hence shallotys most eZtensive on the eastern shore Here yave

action ryas sufficient to deposit ridges ofsand shell and wrack that blocked small tidal chamlels

creating eitensive nahlral salt flat

As the South Bay evohed over time scales of centuries the area of intertidal etland habitats

Cllallgecl ltll gradually rlSlllg sealevel the area of subticlal habitats increased the area of yave

clolllinatecl nnulflats eZpanclecl tyith increasing tyave fetch anti the area of tidal marsh elpaliclecl

or contracted depending on fluctuations in sediment supph and yhether the rate of inland

migration jyas greater or less than the rate ofmarsh edge erosion illciucecl by relative sealevel rise

tyater et crl 1979 s sea level rose the estuary ezpanded and the main subtidal channel ryas

clrayeecl creating all lliterllal sediment silll that captured a portion of the sediment

reClrclllat111g yltlull the eStllal
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22 HiIIANINTERENTIONS

Europeanlltelicali colollizatioll over the last 200 nears llas tralisforlllecl riot Olll the lallclscale
Of the estllar Clllillla fllllllg alicl grolillclaterplilliplllg It llas also Cl1a116ec1 the processes that

sllstalll tvetlalxl llaliltats of the estuary by altelYll the sediment buclet interactions behtieen

SOllrceS allcl s1111iS11CllOCI11a1111CS a11c1 Sa111ll1Z cllStrlblltloll

Sedllllelit Slllpl t0 the SOlltll Bav llotll fr0111 lOCal yaterslleds allcl pOSSlbly the Sacralllellto

River changed sigllificantl over the last 200 rears With 19r Cellfin grazing agriculture and

1o6ina it is lilely that sediment clelie1fionl local tvatershecls increased si611ificantly In

addition many local creeks that formerly dissipated flood flows and sediment at the Bav margin

yere chumelized directly to the Bad Collins and Grossiner 200 Later clams on the major
local streams reduced sediment inflolyright and Sclxellhamer 2000

Hydraulic lllillin alxl tvatersllecl clisturbanee in the Sierra in the 19 cenhu substantially

illcreasecl sediment cleliver and the fregllellc of flood pulses to the North allcl Central Bad

Gilbert 1917 Holvever it is still not clear llOw lllllcll Of tills Sedllllellt1eacllecl the Sout11 Bav

er the last 0years seclinlent delivery frolu the Central allev has substantialh clecreaseci cille

to reservoir collstnlction recoverinn tvatershecls reduction of flood pears and climilusluuent of

the11draU11C 1111111116 pulse

Cver the last 60 to 10 years most of the South Bavstidal marshes were clilecl off This

obliterated vegetated tidal marsh fiulctions and associated habitats specifically marsh plain

ponds perimeter salt pans transitional marshes allcl the lame tidal c11a1111e1S witlllll the lllalS11eS

Dikill of the lllarslles also affected estuarine processes The tidal prlsllltas rechlcecl allowing
tidal sloliT11S t0 silt 111 a1Kl llarrOly aS f1Y11gi11 marsh betvee11 the levees espallclecl Riprapped
levees precllulecl the opportllllit for eroclilla muclflats to llli6rate illlalul Diking of the marshes

elllillllateCl a seClllllellt tillili 8110yllla lilore Sedllilellt t0 be reClrclllateCl wltlllll the eshlal probably
resulting in increased suspended sediment concentrations and lliller rates of siltation in the

subtidal chamiel

The seclinlent budget of the South Bav has also been altered by clreclgillg to lllaintaill flood control

c11a1111e1S 11aVlgatloll alid t0 1r0lde COlittllictloll lllaterlals Slllce the 197s a Sellet Of

restoration projects haecreated nevseclinlent sililsat the Bav margin

23 SHORELINE RESILIENCE TO SE LEVEL RISE

The resilience ofmarshes to sea leel rise is defined by how the wider coastal system as a jvhole

responds to sea level rise Soule marshes twill continue to respond resiliently to sea leiel rise if

they have sufficient sediment in circulation and have space for wetlands to migrate Then ma

also erode due to reduced sediment supply caused by ellineerin activities that have created
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sillies tyithin the estuary that drag and remove sediment front cuculatlon that would otheltyise

feed marshes and nnuiflats

Ezisting tidal Marshes accollillitclate sea level rise tit11 olil nunor longterlll or progressive
coliversion of tidal habitattpes and a gradual lalxltyard shift ill position Figure 22Zertical

accretion rates twill depend upon the sediment supplz rata of organic prochtction and the rate of

sea level rise If sea level rise continues to accelerate at some point it trill outstrip the rate of

accretion glut the marsh twill start to clrotyll If the vertical accretion of marshes camutkeep
pace frith Sea level rise then filetGet1a11c1S 11ab1tatS tL111 tend to lillrate or tra11Sg1eSS lalldtParCl

The horizontal rate oftransressiolltwill clepelicl upon the rate of sea level rise and the slope of the

upland transition zone Past levee constlltction has steepened coastal gradient converting gently

sloping baylalicl edges that rise tottiarcis the land into steep linear borders backed by basins

Figure 23 Sea level rise acts weir differently on Rentle continuous slopes tthere it gradually
SluftS tlclal llalltat ZO11eS llllallcl gild IaliCltyarcl gild Oll d1SCOnt11111oUS alt1f1Cla1 Cl11ieC1 baylallcl

topOgral11 where It fOTCeS eltller aCCeleratloll Of 111a111te11a11Ce allcl repair Of Cl11ieS Or

overstepping the balYier ablatptly flooclilla the clikecl basin glut radically slliftill the shoreline

and shore processes lanchyard If the Marsh is bounded by a steep slope such as an inboard

leiee then the transition zone available for tralisressiolltwill be much reclucecl and marsh habitat

trill be losttluough coastal squeeze

Human clishlrbance to the landscape can affect the llafiral resiliency of the eshiarine systelils

Loss of space by clilein not olily causes a direct loss of habitat but also moclities or disrupts

ltyclroloic allcl geO111orp1llC processes s a result sediment patlttyays adjust reclirectecl from

historic sililes to nets locations and all adjustment in theselforaluzation of the landscape Tlus

may increase the sensitiitv of renlaillin habitats to the impacts ofclimate change

Examples of luuuan impacts that have cumulative impacts on coastal environments include

LeteeConstlttctioll results in a colilbination of direct tyetlalxl losses and luoclificatioll to

hvdrodvllanlics itll sea level rise landtyarcl lniratiollof coastal habitats is prevented

leading to coastal squeeze the loss of intertidal habitats bettyeen rising waters and hard

lancttyarcl eclae

1Iaintellallce Dreclills creates artificial sinks for seclilnelit circulatill around the

svstenl A portion of sediments that migrate to fill these artificial sililes trillbe derived

from adjacent uludflats glut marshes directly in effect preferelitially capturing the

available seclilllelit To reclilce the frequency of clreclgins and associated coststpical
Maintenance clredglns protOCO1S Call fOr SeClllllellt t0 be re1110eclfr0111 the lOCal alea

tvlucll illaclvertenth causes progressive impacts to adjacent tvetlaluls Maintenance

dredsing may also impact eshtarinelldroloyand sediment circulation patterns
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Cltallllelizatiolt prolllotes sedilllelttation offsltorz ill deeper ttiater Tllis ill tulYl recluees

the available supph ofsediment to nnulflats and marshes

21 MARSH RESPONSE T SEA LEELRISE

There are a number of qualitative evoltltional scenarios relevant to lollsterm plalulillg in East

Bav wetlands

a Equilibration civnanlic stability existing tlclal lllarslles accolllllltclate sea level risetit11

Ollly llilllOr 1O11Qterlll or progressive conversion of tidal 1labitattpes anti a gradual

lanchvarcl shift horizontal clisplacelnent or lancitvarcl estualille transgression in

position Tlis faniliar scenario is associated tivith velagradual historic rates of sea level

rise and net positive sediment budgets due in part to effects of diking artificial loss of

tidal prism Tllis scenario is not likely to occur in a regillle of rapicll accelerating sea

level rise and neutral or negative sediment burlrets

b Gradual evolution grachlal submergence of tidal marsh habitats ith oars type
coltersiolt clovllsllifting zoltes ligh marsh to nlidclle marsh uliclcile to lov lots

marsh to utlvegetatecl tlclal flat eTpaliS1011 Of tlclal lttalsllpalls alld elilargelttellt Ot tlclal

channels llilldflat erosion loss of elevation progressive but slotti erosio11a1 retreat of

lllar511 edgestayecutmarsh cliffs or scarps allcl either dike avertoppillg erosion

alid breaclllllg Or dllie ralSlllg arlllOrlllg alid 111CreaSecl artltlclal bavlalld Clfalllage The

gradual evolutiolt scenario is compatible jvitlt coastal plaluiiltg adaptation through

luocliticatioll of plamling policies that anticipate badlane changes alul build ahead to

acconutuciatethem or at least to avoid worsening foreseeable colltlicts

c Collatse abllipt conversion of ecosystem to alternative lllocles and habitat hpes in this

yorstcase scenario associated tyith early onset of accelerated sea level rise at the upper

encl ofprcjectecl rates sea level lice tyould overstep marsh platforlus causing tyholesale

clrotvlling of marshes marsh plains illitialh respond b converting to lots marsh

cordgrass but fail as rapid marsh vegetation dieback forms extensive pans that

sallow tragnlentecl marshes alit elpallcl to tidal flats This is allalogotls with

colltelnporan tidal marsh loss in Gulf ofIIelico and the Mississippi Delta Rapid marsh

edge allcl leiee erosion or recurrent emergency reactive armoring allcl repair
increased flooding of clilecl baylaluls or ultclileclacllaeent lotylalllsand the rapid loss of

critical high marsh habitat and upland buffer integritt are lilcelc to occur in this scenario

There i11 probably be a variable llliz ofa and b for the first years unless there is all ab111pt
1apld accelerat1011111 Sea leiel risele abrupt cllallges 111 Oceall telliperattlyd or ice sheet collapse

1Iailltailillg ezistillg marsh zones jvith no conversiontDolt be an optillistic prcjectioll because

as lllalSll plalll Cllalllage c1eC1eaSeS yltll Stlbltlelgellce so does marsh plant grott11 and vegetation

height Reduced marsh vegetation grogthjill mean less plant stmt height and densit for
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trapping a11c1 stabiliziil suspetlclecl secliittellt allcl less1roClllctloll of oraliic hatter in the soil

profile

The pace of coastal habitat changes due to sea level rise even in gradual scenarios nlaV not be

llniforllilv gradualveraesea level represented in models deviates from sinlliticant amiual

tlilChlat1o11S 111 Sea level jti111011 llla reaCll lip t0 approli111atel 8 inches aboeaverage levels

Cllllllla stroit El Nilio events clue to thermal expansion of warm Pacific jtiaters In aclclitioit

111te11Se stOrllls aSSOClatedj1t11 El N1110 events llla be eTlected t0 aCllleve lilall earS Or even

C1eC1CleS ortll ofaeraae erOtloll 111 eTtlellle titOrllis Ol Serlet Ot storlilt T1111S file Coastal

habitat changes expected tiith sea level rise regardless of the longterm sea level cultiemat not

be expected to occur in a linear or incremental pattern The biological respolltises to habitat change

caused by sea letel rise nlav similarly be expected to occur iu pulses or reflect dominant

influences of extreme storm events Local eztilpation of species jvitll linlitecl dispersal abilih

lligll site fidalitt or dose clepenclence oil nanolclistributecl critical habitats is a partlclllar
concern for tlueshold ehanes in habitat drizn b storm events during longterm sea level rise

2 HNNEL IZESPNSET SE LEVEL RISE

1lall Cllaractel1St1C5 Of Cllallllels are llllliecl tCl the tlClal pnSlll Ot file tlclal aterslleCl that It dra111S

ltll raClllal Sea level r1Se llltertlClal SllrtaCeS Call Heel Dace jZ1t11 file 111C1ease 111 lllgll jvater

eleVat1o11S gild the t1Cla1 1lYtlll llla Staff relahvel COlittallt lth lOty rates of sea level rise

therefore there lua not be large chanes in cllaluiel form However jvitll rapid sea level rise the

rate of vertical accretion may be insufficient to keep Dace ith high water eleations and the

llleall Cleptll aliCl t1Cla1 p11S111 Ot file lilalS11eS Z111 111C1eaSe Ill aclclltloll the S1Ze Of the eshlaliZ111

increase as marshes trallsress larchucl illcreasin the area of subticlal and intelticial

Colltrllut1o11S to the tidal prism With increasing tidal 1tYSiil the cloilstreatti cllalutel cross

section its viclth alxl cleptll jvill inerzasz There lllav also be changes in its plallshape as

cliscllares increase

It is obsel eel in accreting luarshes that chamlel clensitc variestith elevation anti hence ale of the

marsh

lovor voulig marsh 11ere 111a1S11 plalll dlevat1o11S ale10vgild tlclal prlslil 1S large tenets

to haehigher drainage cielisit more small ehaluiels and coluplez clrainaRe patterns

lliller or older marsh here tidal prism is reduced allcl clraillaedensity decreases tends

to have a less COlllplez clra111aepattern jvltlltzizl 3111x11 ChallllZlS

The eleatloll Ot 111aTllllll111 Cllalulel ClellSlt 1S llsllall estllllated to be arol111C1 file elevatloll Ot the

neap high tide in semidiurnal tidal regions Steel and Pe 1997 It is ulilikely that this1atte171
works in reverse if lliller luarslles cirotvn rather it is possible that pan formationjill caphue
channels obliterating the eZistin dendritic pattelYi and expanding to tidal flats
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The chances that aught be expected in the chalulels are controlled b the tidal prism and so are

related to the elevation of the marsh The success of Cllallllels 111 reslOllClllig to sea level rise is

therefore clepellclellt oll pleasures that promote marsh evolution vllicll in ttlrll llululluze clia116es

111 tlclal prlslll

i1larsProjectsU55HayaardahorelineSeaLevel RiseRepor1FinalDraft021610FiSPfReportvl5doc

Olii U



N

O

a

w

0
i W

O

O

G

N

r
t 1i

f f

1

s

1

1

1

U
ti

w

N

N

1g
1

N
U

O



N

N Q Q

a
W

vti

i

t3
J

i
k

w

T p

R

1
6

gg
4A N

9
a

R

e

r

l

s 4
i

i

i
F

v

r tC x

L J Ji
y



M
N a a

cu

a

r o

o

a w

qr
W O

d

Fy
V

i

a1

dl

4i

1

C
Q

a

U

O



3 STATE GUIDANCE FCR ADAPTTIONPLANNINCt

ccelzratecl ratzs of tea level rise i11 bring ue challenZS t0 tliZ lllalla6dllidllt Of tliZ Ha1arCl

SllOrelllle t01 both fIOOCI lllallaelilellt alicl ellllolililelltal plOte0tlo11 S the Sllolelllle 11ll61ate5

landtarcl so habitats anti rloocl hazard areas viii also shift Traditional plamiin approaches based

Upon a static landscape yill have to be replacedt1th a more flelible approachthic11 call

accotntuoclate dvlla111ic shifts in the shoreline Platuliilnj111 have t0 be based Oll a 1110ilia frame

of reference Hoever past cleveloplllent of residential colnlnercial anti public access

11lfTastrll0tllre has locked Olit 11111011 potential fldTlblllt for set1acks Ol adUSt111e11tS to the

Hayvarcl shoreline

Fllltllel 111tZI1Slt111 COllfllcts 111 sllolelllle plalllilll 1S the interaction between sea level rise anti

altiiicially steep topograph till slopes levee slopes at the bavshore and the tendency for pullic
land uses allcl private real estate va111es to reach 111aTi1n11111 levels at basllore eclaes ea coastal

views coastal access open space acljacenc as drivers of land prices Steep fill slopes at t11e

bavshore compress high marsh and Upland transition zones to artiticiall nal7ojv and

hollloaelleous linear strips yhicll reduce both their ecological anti flood protection alue They

leave almost no acconunoclation space for sea level rise zvllich illeitably shifts the hill ticle

lililiZd llabltat ZO11eS lalldLarcl allCl yeltlcally Plallllllla will therefore have to address the colltlict

beriyeell the 1110able gild tlld 11111110able 111 partlclllar the 1SSlleS Of llplalld blltterS allCl

COaStal SC111eeZe

In their report Living ith a Rising Bay BCDC 2009 BCDC discuss how the lllnerabilities

Of the Bay SllOrelllle a11C1 e00SSte111S t0 Sea level r1Se allcl Otllel 011111ate 011allae 11111aOtS jylll 01eate

11z1y te01llu0a1 cllallellaes for shoreline platulilt anti require clifficlllt decisions to plYOlYtize

protection of slxxeline development and Bav resources They conclude that lulz local

aOVerlllllelit a11C1 other lllallaaelllellt aaellcies especially in cities a11c1 counties have broad

authority over shoreline land use

they loci police incentives resources and reaiollal auiclance for adclressilla climate

cltanae impacts in land use plalllllll TO address these daps local aoverntuents need

information about the Barelated impacts ofclimate Cllallad that 1S realollSpe01t10 a11c1

sitespecific The information should illclucle a regional model that projects 010years

into the filture or the ezpectecl life of a project The projections should be cievelopecl
tllrOllall a pllbliC inclusive process in order to be viclely aceeptecl allcl llsecl tllrouallotlt

the region BCDC 2009 p 133

In the last ear 2009 the State has beun to provide guidance to local govel7uuent art lx to

approach issues related to sea level l7se Such auiclallce is being continually upclatecl as polio is

being cleelopect anti proiectiolls anti z1111erabilities better understood Thz follotvina is a

summary of some of the key guidance issued so far based larger on Polaar 2009
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31 EZECUTIEORDER51308NOEIIBER2008

Tltis Executive Orcler issued November 1 2008 has t1uee lttailt directives Firstl it sets tip a

process to jxovicle a coltilrelteltsive assessment of sea level rise for Calttorlua t0 be lillclertaliell

by the National caclem of SciencesNS due to be completed at the end of 2010 Tlus twill

proyicle a consistent set of sea level projections to be used by the State The assessment is likely

to include reconuuenclations olt a process for updating such projections on a renular basis

Thz Executive rcler also requires that all state agellcles that are plallllllig collstrUCtiott projects in

arias vulnerable to ltlttlre sea level rise shall COllslcler a ralleof sea level rise scenarios for the

years 200 and 2100 in order to assess project vulnerability and to fire extent feasible rechice

expected risks and increase resiliency to sea level rise In the absence of the NAS report the

projections developed in Cavan er crl 2008 and discussed in Section and Appendil A of this

report are being used by multiple state agencies eg BCDC the Coastal Conseltianc and the

Califol7tia Coastal Conunission

32 CALIFORNI CLIMATE ADAPTATION STRATEGY DECEIIF3ER 2009

Eleeutiye Order51308also clirectecl the California Resources Aeltcy tluoultthe Cluuate

fiction Tam to develop a Climate Adaptation Strate6y for thz Statz The strategy sunuuarizes

the best klxyn science on climate change impacts to Callforlua assesses Califoriuas

zillterabilit to the iclelttifiecl impacts anti then outliltes solutions that can be ilttplementecl jyitltilt

and across statz agencies to promote resiliency

The strate provides auicling plYnciples for adaptatlolt uxl establishes a state poliey to ayoicl

firture hazards clue to climate change and protect critical habitat Speciticall

1 the shategti reconuuends that State agencies consider project alternatives that avoid

siluficant llejy Cleyeloplllellt 111 aleas that Callllot be aclegtlatelyplOtected tlOlil t700c1111Q

clue to climate chaltge

2 that State agencies should gelterally not plan develop or build any ltey siaitificalit

structure in a place yltere thatshuchtre yill require sigltiticant protection from sea level

rise storm surges or coastal erosion during fire ezpectecl life of the struchtre

3 siltiticaltt state projects incluclin intiastrtlchtre projects must consider climate chance

impacts as currently required underCEQA Guidelines Section 11262

1 the strategy also reco6ltizes that solttezllterable shoreline areas have or are proposed to

have developmelt of regionally sigltiticalit economic cultural or social value that

may need to be protected anti that infill development in these areas should be

acconuuoclatecl
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collllllulutiestith General Plans allcl Local Coastal Plans slloulcl UeGillzhen possible to

alnelxl their Plans to assess climate challGe impacts iclelltifi areas mast zllnerable to

these illlpacts allcl to develop reasonable allcl rational rillrechlctioll strategies

33 STATE COASTAL CONSERtiANCPROJECT SELECTICN CRITERIA

The Coastal Conseltiyancy has adopted criteria for project selection to address climate change
Project applicants are no required to consider a ranee of sea level rise scenarios for the ears

20and 2100 in order to assess project tlhlerabilityand reduce expected lYSls and increase

resiliency to sea level rise The Conservancy jtii11 lool favorably upon projects for which the

project objectives desiGn and sitinG consider and address other climate chance vulnerabilities not

just sea level rise Polnar 2009

34 BCIC BAS PLAN CLIl1ATECHANGE POLICIES

BCDC has deeloped a report that analyzes zilnerabilities to climate change in the Ba and on

the shoreline and recolnrnencled lley and lrpdatecl San Francisco Bay Plan Findings and Policies

BCDC 2009 The Conuuission is scheduled to vote on the policy reconuuendations in 2010

Once adopted Uy the Conuuissioll the llety policies yill lilel affect design and siting

1eClu1re111e11tS tOr SOllle prOdctS reglllrlllQ per11lltS tralll BCDC allcl Staff jZ111 cleyel0l a111c1a11Ce tOr

applicants on the chances Polgar 209

35 CALIFORITIAENtiyIROIENTALQLrALIT ACT CEQA

As clirectecl by SB97 the Natural Resources ency adopted Alllenclments to the CEQA

Guidelines for Greenhouse gas erllissions all Deceruber 30 2009 These ar11er1C1n1er1tS are available

at http cerescaGaycega Guidelines On Febnlar 16 2010 the Office of Adnlinistrativa Lasy

approed the A111e11c1111e11tS a11c1 filed them yitlt the Secretary of State for inclusion in the

California Code ofReulations The Arllenclnlents jvill become effective onliuch 1S 2010

It affirms that the EIR should evaluate any potentiall siGlliticult inlpacts of locating

deelapment in other areas suscaptible to hazardous conditions eg tloodplains coastlines

yilcltire risk areas as iclentiflecl in alrthar7tatlve hazard lnalsrill assessments or in land use

plans addressing such hazards areas
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l SEA LEVEL RISE PROTECTIONS

Clilnate cllan6e simulations project a substantial rate of Global sea level rise over the Welt celltun

clue t0 tllerlilal eTpalltloll aS t11B OCeallt arlilalicl r11110 tlOlll lliZltllla lallclbaSZCI tillOlti a11C1 1Cd

accelerates itll sea level rise there twill aljavsbe different sits ofprojeetions clue to

the uncertaillh of the nuxielinn

hzn tha projection as made thz science is rapidly evolving and

c11o1Ce Ot tllhlled11llSS1o11 Scd11ar10S

There are three sets of projections that are comnuIlin the Bav Interoverllmelltal Panel on

Climate Change IPCC 2007 the State of Califol7iia Cagan et ul 2008 and the LS Anu

Corps of EngineelsLSACE 2009 These projections are detailed in Appendix All apply to

the Haejvarcl shoreline and so evetould recolmllend using all three in their owls ae

for longterm plamling purposesie a highendprojection for 2100 the projections of

Capaner al 2008 slloulcl be used 11ichies 1C b 2050 alxl 55 by 2100 This is the

Quiciance used by the State of California for projects ululertaken by their a6encies

Coastal Conselancyetc

iftheTSACE are ilnolvecl in the project then their uiclallce on interiuecliate alxl lover

estimates Appenclil A Table A3 should be follotvecl as well

the IPCC projections are er lllipOrtallt 111 that t11eV repreSellt the CO11Se11Sl1S of the

worlds scientists of hat the latest scientific evidence shopsItis updated eve157

wears Sind it is a collsenstls it will ahvavs be a consenative estilllate Itwill also be

lower than more recentllillellcl values Appelxlil A Table3Hojvever IPCC is the

foundation for national studies such as LJSACE 2009 and regional shidies such as

Cavan et al 2008 The Welt IPCC set ofprojections in 20122013 tivill probably be

higher that nlav well trigger different national and regional projections

There is currently a lack of consistency alnon6 state counh alxl city planners on the statevicie

projections ofsealevel rise to be used for policy purposes For California global sea level rise

projections clevelopecl by the state are beiu confirmed by a National Acaclenly of Science NS

shxly The llnal NAS Sea Level Rise Assessment Report clue at the ellcl of 2010 lyill advise hoy

Califirlua should plan for fiihlre sea level rise The report i11 include relative sea lwel rise

projections specific to Californa talina into account issues such as coastal erosion rates tidal

impacts El Nino and La Nilia events stolYU surge and land subsidence rags and the range of

uncertaintc inselected sea leiel rise projections
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IROTECTED SHORELINE INUNDATION BI SEALEVELRISE

Inundation maps for San Francisco Bav have been clevelopecl for the Bav Conservation alai

1eeloplllellt CO1111111sS1o11 BCICbj the ZTSCieOlOlcal SllrVeS h110R1es15 Data tr0111

rile latest tlClal epOCll 19962t07jere Usecl t0 Cletel11ll11e the 11111eStaeraelilOlltllly tide alid

100year stone elevatiolt The sea level rise estimates of Cavan er 7l 2005 anti described in

Section jvere added to the tidal ciahrltt ltuluerical lndroclvnantic model ryas then used to

intel7olate local sea level rise estimates at different locations around the Bav These local sea

lee1 rise estilttates were projected onto a digital elevations model of the land sulace The

resulting maps show the limits ofinundation for 2050 and 2100 Figure 51

Thz inundation maps show the areas that are vulnerable to sea level rise hoever there are

limitations for their use

the data ryas clevelopecl trstng tidal data anti clo not include ttiave activist that occurs

dtlrllla stOrllls COliseCjtlelltlt all arch that t700dS tr0111 aye aCtlltdllllllTlliterstOrllls

is not shown as zilnerable

jhere the elevation of land is below the water level it is shown as lillserable tvhzther or

not levees to protect it elist This is because adequate informationjas not available on

levee heilsts or strenstls

lo1lllalallCl lOCatdCl llllallCl OrClelrdSSlOlls 111 tlpla11C1 areas 111aV alto aplear tllllerable

even without a route forttiater to reach the arias isolated from the Bav

the elfects Of 11111 Bay jvater levels Oll erOS1011 loacliit Of titrUCtlllesStrealll ZFatel levels

effect on clrainaaalscl ground tvatzr levels wire not eonssiclerecl

nvens tlsese caveats the Wraps are reliable for clraving conclusions about the regions
1lnerabilih to sea level rise alscl storm stlre
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6 LTLNERBILITI

The Hajard SllOrelllle 1S alleacly lllllerable t0 llilillclatloll flOlll C01Stal f700cllllg a cOlllblllatloll

Of titles StOrlil SUlgeS wave rllllUlgild 5t01lllZatel1lllloff lltll lllgllel sea levels StOrlll SUlge

collclitions nlav colllbille to create shortterm extrelllely lliglltzater leiels that call inflict clanlage

to areas that ere not previously at risl Figlue 51sllovs the potential area of illunclatioll by

2050 and 2100 it1int11is area them are a large number ofparcelsoned by public and pl7vate
entities 11ich senea nunilerof different fiuletions

In addition to the residential and wnunercial properties that are tlueatened by potential

inundation the Havjvard shoreline has important illtrastrilcriue close to the Bav shore For

example the Cro Loma rastejvater Treatment Plant on nant venue is ailnerable to both

coastal allcl fluvial flooding as e11 as lYSing groulxlater The East Bav Dischargers tlthority

EBDA1ileline transports jvater front the Havvarcl glut LJllion City treatment facilities to the

south of Havvarcl 110rt111Valdt t0 the Bav Olltfall tllrOllgll the HASPA arch tiler 11t111t1eS Sllcll a4

YGE transnussion lines railroads high pressure gas lines and fiber optic cables also cross the

area and tii11 have to be considered in adaptation strategies Landfills occupy the center of the

HASP area and these tii11 have to be protected from ae erosion and atzr ilifiltration that

cOllld COllllrO1111Se COlltallllllelit Sea level rite COlilcl potelltlall lllipact grolllldltiater1lllllleti
associated ith former landfills

The Bav shore is also crossed by a number of storm drainage chalulels such as San Leandro

Creel Boclman ChamZel a11c1 Sulfer Creel all potelltlal SOlilceSOf fllllal flOOCllltg and all likely

to be illlpactecl by baclttiater effects dlle to rising sea levels Storm drain svsums clesigllecl to

flov by gravity the title gates on cllanllels glut storlll ater pump stations will have to

accanuuoclate higher sea levzls Cnotuuijvater levels are affected by tidal fluctilatiolls anti sea

level Stormater treatlllellt 111eaSU1et 1llc11 1ely Oll Illflltratloll lilac therefore be affected by

lugller groullchater elevations Higher grounchvater elevations may impact existing buildings anti

111frastrllchlleSlicll as tattles pipes and setsers

The fOllOlVlllg tables S11111111ar1Ze the 11111erablllh Of each Of the Illalll f1111ct1o11S j1t1ll11 file

HSIplallllllla alZa T111S 1S ali lllltlal broad aSSdSSlilZllt1aSZCI 1ip011 tlidaallabld lllal1111 Of

properties projected inunclatiou glut site visits Each fiillction is describe in terllls of location

tpes of hazard proximity to hazard luocle of faillue sevelYty of damage risk of clanlage anti

zilllerability Possible adaptation measures are described as well as illfornlation needs for lualing

planning decisions
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CI 1INUEDTIDALSSTEli

Function Managed TidalSrstem
Location There are a number oflllanaadd tidalsstelns in theHSPA

1lallllllt aria t0 the SOlltll tlldld1S tlld 711drI31tltllelS1r01drt
Haelard1Iarsll Allali Flats and hidizatioll Ponds fiutlldr north

tlidre is Trianldliarsh and FralllsDual East and est

Tpe5 of Hazard T1Cla1 llillllClat1011 Sda lddl eldvat1011 lvlliCt 1Tavd drOS1011 and fllllal

tjOOCt1117

ProllmltV t0 Hazard All the lllanaaed tidal slstellls are dose to the Bav and to storm

P4Ater C11a1ll1e1S

Mode of Failure Thdrd aretieMain modes of failure

E1OS1011 allCl bldaCllllla Ot OlltlOarlt ldvdds b1 lvlliCt1aVdS 1111

111Crdase rdQlilar tidal 111L111Ctat1011 alid prevellt tlid lllalla6elllellt Clt

haterdleat10118 allCt 1701S

VOrtOpp1116 Ot leVeeS b11111C1aeS 1111 telllpOrarlly 111Creasd

the salinity and ddpth of the ponded areas In the loner term

overtopping i11 drode levee crests and bacl slopes
vertoppin of levies by fluvial tloodin 1Till te111poraril
CteCrdaSd tlld Salllllt a11C1 111Crease the Ctdptll Ot the pO11CleC1 areas

Ill the lOllaer tdrlil OVert01plll1y111 erOCte levee Crests a11C1 baCli

S10peS
TatdS COlitr0l tlld1atdldldat10111y1t1ll11 tlld pOliddd aldaS T11dSd

Hates lllal 110t Opolatd CC117dCt11 aS basil ld1d1S 111 tlld I3a1 r1Sd

P011ddCt a1daS 1ti111 bdCOllld 11101dCt1fIlClilt t0 dla111 aS 111da11101y

101PaterS r1Se

SeeritTofDamage FallllleOt tlld ldddS1111 prddllt tlld plalllldCt OpolatiClll Ot tlid llllitdd

tidal svstdnis and ill causd sdvere danladto the systdnl Rising

basil ldvdlS 1111 bd 1dSS Ctalllalll1101eel tlld COrldCtOldrat1011 Of

tlld StZ1111111becallid lllOre d1frlClllt Over tulle

Risk OfDamage The 1lsl of damad1yi11 increasd overtime as both sea ldvdl rises and

Ctalllaet0 tlid Olltb0lrCt ldddS aCCl1111111ateS

Adaptatlori MeasuresIIaintailung thedisting nnrted tidalsstems i11 become diftlcult

88 Sda leydl r1SeS iateS Call be reset t0 aCCOllllllOdate C11a11TeS 111 tlid

tldal elevat1011 Levees Call be StrelltlldlleCl a11C1 llellltelleCl

H01dTdrlllalSlldldat1011 T111 bd C11It1Clllt t0 111C1eaSd ldll tlld 1C11y

SdCllllldlit Slilpl Altdlllatld11 C11a11adS t0 a1101y a h1111 tlClal

SFBt@111 1L1th CO11SdCjlldllt C11a11eS t0 thetpd Ot habitat lllal bd a

lOlldr tdrlll SO1L1t1011
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62 FLLLTIDISSTEII

Function Fu11TTidal Sstem

Location Tllere Ire 1 lllllllber Ot llllly tlCt11 S Ste111S 111 theHSP plllllllllg

area to the south there isCose111Iarsh to the north there is Oro

IOllla IalSllTllere ale 111a1S11eS a11C1 11111C1t1atS olltboaldOt t11e

Bavslurelevee along the lentll of the plamling area incllulillg
H1yyarclsL111dllla 111c1 JolutsoltsL111clin

T es ofHazard incl aye erosion alul sea lee1eleatioll

PrOllmlt t0 Hazard All the h111y tidal systems are close to the Bay

Mocle of Failure Tllere aretieplain lnocies of failure

Rapld Sea level 11Se coupled 1t11 10y SeClllllelltatloll rates 111

lead t0 ClrOy1ll11 a11c1 conversioll of salt marsh to tuucitlat

Erosion of salt marsh edge b ind avas i11 squezze salt

1111rS1111111St Olltb0lyd levees

ElOSloll 1114 brelclllllg Of Olltb0lrCl levee 1 111C11eS 1111

lead t0 e1oSloll of Salt 1111rS11 bellllld

Overtopping of levees byLind ayes gill erode levee crests and

bacl slopes
OeltOlpllig of lavees by flll111 fIOOCllllg ylll tellipOrllll

CleCrelSe the Sllllllt 1111Illcle1Se the llillllClltloll Of Salt 1111rSlles

Ill the lOllaer t0r111 OVertollIllg 111 erOCte levee crests 1114 blcli

S1opeS
Seerit of Damage Erosion of the salt marsh ecteallcl CtrOylllll of the salt marsh i11

increlse 1s se1 level rises 1ve attenultion i11 decreasa leading to

IllcrelSdCl dit1111eof the leyee8

Risl OfDarilae The ris1 of clanlaeillillcrease overtime as sea level rises 111lKltldt

and marsh are lost and dunaeto the outboard levees accunnilates

Adaptation Measures dlptltioll rdCllliTZS ZithZrsrdilllZllt to 111 1CCrdh011 t0 oCCllr ol

space to alloy transgression to occur The nlanaen1e11t of secli111e11t

alld the1ealllllllellt Ot the levee 11112 yolilcl both aSS1St 111 the

maintenance of the marsh system1Iaintaillillg nnulflats in their

preSellt yertlcll 1114 hOrlZOlitll pOSltloll ylll 1eco111e lllcle1SI11g1V
C111f1 Clllt
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63 STItiIDRiNAGESZSTElI

Function Storm Drainage STstem

Location Five channels cross the1lalllllllg aria San Lorenzo Creel

BoclluallCllamlel Sulfer Creek LineILine Aand the

NorthestCllaluzel ofHavtiarcl1larsh In aclclition there is a cuhert

that nuts underHillttiav92 connecting with the salt ponds to the

south

T es ofHazard Sea level elevation alxl flood llvclrograpll
PrOllmltrt0 HazarCl All the chamiels are by detilution close to the Bay

Mocle of Failure Tllere are tlueeplain modes of faihue

ertopplllg Ot 1zVZZS 1t711lal t70C1C1111 111 ZrOCIZ 1ZVZZ CrzStS

and back slopes
Flap gates lilllit tidal aters floin6 into the cllaluiels These

ates llla llot Olerate COlrectly as base led1S 111 the Bay rise

Chamlels i11 become nure difficult to chain as Mean Low Low

eater rise

Seeritof Damage FalllileOf the levees l111 prevent the plallllecl Clperatloll Ot the stOrlll

jZate1 dralllaeSv4tellls Illslllg Vase levels lVlll be 1dsS dalllag1116

llOleer the cOrlect Oleratloll Of the ststelll TVlll becotlte lllole

Cllftlcllltoertulle

Risl Of Darilae The risk ofdamage twill increaseoertime as both sea level rises and

Clalllae t0 the cllallllel levees acclllillllates

Adaptation Measures Historically there were fevcllalulels crossing the salt lllarsll to the

Bav There nlav be opporhillities to collsoliclate the chalulel svstenl

SO that feLe1 11a1ll1e1S ale1eCllllled Tlusjolllcl also1edlice file

leligtll Of levee t0 be lllalllta1110C1 1S base levels r1SeS SCl plllllplllg

llla be llecettarllilch llla taclhtate the CO11SOl1Clatloll of the

sstelll Therz mae be opportullitizs for storage offlood flows lliher

lil 111 file SVStelil that ZtiOlllcl Seltet0 butter the fl01Salld1edllCe file

tali Of file llvCllOra 11
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6 LNLFILLS

Function Land Fills

Location Land fills are located i11 the center oftlle plalulin6 area clirectl

belliucl the Bavslxrelevee

Tpes ofHazard Tictal lnunciatlon sea level elevation tvilul wave erosion 6roulicl

T4atereleatloll

Prosimit to Hazard Land fills arz located clirecth behind the Batshore leee

Mode of Failure Tllelearztlielllalll 1110C1es Of allure

Erosion alul breaching of outboard levees by jvincl jvaves nlav

allow erosloll Ot the 1a11C1 till ltselt

teltOpp1116 of levees bIti1114 waves jZ111 elOde levee crdsts aliCl

bacl slopes
Oertoppillg alul erosion of levees nlav impact intenrit of the

the ldllCl fill drallla6e SVSte111

The 1a11C tlll CllalllaeSStelll Vlll bec0111e llloled1IflClllt t0 Clralll

as1Iea11 LovLov1ater1ises

irou11C11atereleatlolls are lllely to rlsejluCll llla C11a11Re the

tlOvatlls of ally cOlltallllllatecl IVatZr trolll the ldliCl tlll

Severit Of Damage Failure of the levees 111av result i11 erosion of the land fill itself

IZ1s1116 base alid 6ro1111C1vater elevatlolis jti111 lllalie the Correct

Olelatloll Of the lallCl tlll dralllage 1110re Cllftlclllt Odrtulle

Rill ofDamage The risk of clanlae will increase overtime as both sea leel and

nlOllllCljdte11lses alld Cldlllaet0 the Cllallllel levees aCCllllllllates

Adaptation Measures The Levees that protect the land tills llla have to be raised and

i111provecl with additional a171urutoffally could be constluctecl

t0 pleellt arOlllldidtZl 111t111t1011 tlOlil thZ BadIlililplll 111aV bZ

11eCeSSa1 aS base levels rlSe

i
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6 STEATERTHET1JFNT

Function WasteaterTreatment

Location The Oro Loma astetiterTreatment Plant is located in the north of

the planlung area It incllules a solar cllinaponds itllin the Oro

Loma marsh The Cih ofHaiarclcrite titer treatment facilitt is

lOCateCl 111 the SCllltll Ot the plamllllg aria Ill acld1t1C111 the East Ba

Dischargers Authorit EBDA pipeline runs tluough the plamung
area collllectin East Ba titer treatment last to the Ba olltfall

Types ofHazard Ticlal inundation sea leel e1zation incl aeerosion roulxl

Tatdreleat1011

Prosimit to Hazard a5teater treatlllellt plallt 15 kCatecl clOSe t0 tlldIiaSllOrd ldvee

The solar drvin ponds are located itllill the Ora Lomaliarsh

Selaratecl bv 10G 1111K1 ber1115 The EBD plpelllle 111115 tlllOllllthe

rCl Lollla 111arS11 alld a1011 the lalldarCl skid Ot tlld C1ZlClat1011

ponds
Mode of Failure There are siZ nlaill modes of failure

E1051011 Of 011t1Oard levees b 1111TaeS llla tllreatell the

111tea11tZ Ot the titer treatlllellt plallt
ertopplllg Ot ldved5 1 llld 4aVe5 111aV f7000I the Vater

treatlllelitplallt

R15111g grCllllldtiter lilac Clalllagd 11t111tles 111d5 till St171ctlires

aS50ClateCl Lltll the plallt
El051011 alldOeltOpp111 Ot the Illlld bel1115 SlilTOlllldlllg tlld SOlal

ClllllapOllds
tllamlel d01lcuttlllg 111aV Crease r1Sli Of eTpOSllre Of t11e

plpe1111d
CCe55 t0 t11d pl1elllld tOr 111a111td11a11Cd llla be CO115trallldd bt

175111 tlclal eleat10115

Seerity ofDamage Failure of the ldvees lila re5111t in di5rnptian of rarerheatnlent

plallt01erat10115Ialllage t0 t11e111e1111d llla be 1111llteCl bllt access

t0 rd tilt a da111aQecl 1 Illlld 111 be lllOre dllflclllt

Risk OfDamage The risk of damage rill increase overtime as both sea leel and

groundvtiter 175es levee clalnage accumulates alul cllannel5 illcrea5e

111 Cldlt11

Adaptation Measures The East Bavtiastdtiter treatment sstdm comizcts a number of

treatment plants cith a Single pipeline This makes the system

nilnerable to a single break Passim the heated titer tluouhlocal

trdatlllelit 111ar511es C10se t0 t11e plallt rat11e1 t11a11tlaliSpOrtllig t11d

Tatd1 llOrtllZarCl llla reClllce t1ll5 111110rab111t alid Crdate braC1i1511

111ar511d5 C105dr t0 t11d Pia 111011 ard lllOre re5111d1it t0 Sda 1de1r1Se
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C6 UTILITYCRRIDORS

Function Utilit Corridors

Location Ill 1dClltloll t0 theE3IAp1p1111e them Ire 1 lllllliberOf Other llt1l1t1eS

that cross or border the plaluung area Rllluun close to the EBD

pipeline are the YUE transmission lineslnlost1arallel bnt at the

lalldttiarC1 edge Ot thellalullll tired 1S the11111OadZ111011 alsp 1ctS aS

1 C0111ClOr tOr 1 lullpreSSllre R1S lllle i111C1 fiberOltlc
CO111111111llC1t1011 Cables

Tv es of Hazard Tlclll 1111111C1at1011 Sea level elevltlollZ1111jvave erOSloll

ProtimitTto Hazard The EBDA pipeline and PGE transmission lines 1lul tluouh the Oro

Lollla 11111Sllaloll a 101 bellll 1111alOllq the lallClvalcl SlCle Of the

oxidation ponds The railroad lies at the land1rcl side of the Cho

Lollll I1rsl1 Oll 1 10 berlll

Mode of Failure Tllere are rjo main modes offailure

I11C1e1Sed perlodS Ot llllillClatloll aliCl r1S111 rOlllldlate1 llla

C111111e11t111tleS 1114 1SSOC11teC1 p1peS 1114 St111ch1reS

CCZSS t0 theIiE tr1111111SS1011 1111dS tOr 1111111td11111Ce 1111 bd

COl1Str1111eC1 by r1S1116 tlClitl eldt1t10115

SeeritV Of Damage Failure of the levees nlav result in clanlaeto the utilities access to

repllr 1 d11111QeC1 lltlht lllle jti111 le lllOre Clllclllt

Risl ofDamage The rill of C111111ewill ilicrelse overtime 1s both sea level Ind

7round titer rises levee clamaeaccumulates

Adaptation Measures IC1e111v the utilitiestioulCl be rerouted to the 11ncivlrcl ed6e of the

p11111ll11 1re1 C111tS1Cle t11e 111Z1rCl ZOlle The r111r01d berlll 1111 111

t0 be r11S0C1 1114 lrllloreCl Clejdlldlll li1X11 110 well the rO L01111

lllalSllleelS liljltll r1S111Q Sea leZ15

i1
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67 BATRAIL

Function BaTTrail

Location The Bav Trail follo t11e Bavslurelevee for nustof the lentll of

t11e1lalilllllalea At03ie11 Alarsh It tl1r113 1111a11C1 a11C1 Oer

ti0001e11 blYCtebei0re retllrlllll t0 the BaiS11o1eThe levee tlall x150

acts as elllele11CV rOllte tOr est ll1t011 venlle

Tpe5 of Hazard T1Clal llillllCtatloll sda letel elevatloll lliCtTave erOSloll allCl fllllal

tIOOCt1117

Proximity to Hazard The Bav Trail follovs the Bav shore

Mode of Failure Tllelearetlelllalll lllodes Ot ta11UTe

E1osloll allCt breaClllll of outboard levees b tilliCl naves Vlll

Clalllaae the trill

Oertoppill of levees by ind aves i11 dalllae the trail

Br1Clest111Ch11eS that ClOSS bleaC11eS at the UPO Llllla a11C1

COStie11 lllalS11eS lllav be sllbeCt t0 Vllld ave a11Ct tidal

erOSloll

seeilt ofDamage BreaClllll Of the 1zVZZS 111 Clit tllz tlall 1llC11 llld rzfllllre

rerolltlll valilaeCallSeCt bOverto1l111 Or erOsloll 1111 llot Cllt t11e

tla11 hilt Ctalllane It SAlIlClelitly tCl C10Se It to the 1Ib11C

Rlsl OfDamage The rillofdalnaeviii increase overtime as both sea level rises and

Ctalllaae t0 the oUtbOarCt levees aCCllllllllates

Adaptation Measures Iallltallllll the e11st111 levee SvStelll 111 becollle C11tY1Clllt aS sea

level rises Levees can be stren6tllelled and lleiQhtened Bridge

strllCtllreS Call be arlllOreCl Rerolltlll of the trill 0111 C1 be Dart Ot a

plan to realign the levees
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7 DAPTATIONITEASirRES

The chllalllic respOllse of the shoreline to sea level rise mealis that ill the filture plaluling will

have t0 aCCO11ll110clate a 1110V111g tralile Of1etelellce1IliCltlatS 111arS11eS allcl beadles 111 all tellcl

to transgress landward as sea level rises tloocl hazard zones twill enlarge as water slllTace

eleyat1011S alld tyaye rUll111 lllcrease elOS1011 llazarcl ZOlle3 tylll elllalge aS Taee11e1gt 011 the

ShOlelllle liicleaSeS Ill the past blilferS Of t1SeCl tylCltllte1e generally adequate to accotllillodate

likely chaliges in shoreline position However with projections ofsustained sea level rise over at

least the Welt ttya celihuiesit is likely that long stretches of the shoreline twill tend to tralisgress

landward Plaluling for the shoreline therefore needs to take this dvnanlisnl into account

lule all the projections show sea leel twill rise the projections of the rate attloch itcill rise

val tyidely The consequence of this is that there is uncertainty in the eZtelit of hazard zones at a

given date in the filture Since the uncertainty in the projections is unlikely to decrease in the near

filture the advice that is beinglnafferecl bt State and Federal agencies is to plan for uncertainf

71 HOLD THE LINE

The HOId the Lllle Opt1011 prOtectS land allcl 11111aSt111Ctllre tlOlllelOS1011 1111111C1at1011 a11d t7000llllg

by the use Of structures such as levees alicl sea tyalls The Hayward shoreline is already clefelxlecl

b levees with breaks at Oro Lonla and Cogstyell marshes Figure 71

To hold the line in the fufire the cast elevation of the levees tillhave to be raised to keep pace

wltll rlSlllg Sea levels allcl 111creaS111g tyaertllltlp elevat1011S I11 lllalit aSeS levees cO11St1ilcted

on poorl colnpactecl Bay 1Iucl trill be unable to support the additional tyelght of material

required for raising the crest P 2005 As sea leel rises and t4ater depths at the toe of the

structure increase SO tyaye 11eig1ltS Oll the Strlichlre tylll llicrease TO lilallltalll the Stablllt Of the

levee tyltll lllgller tyaVef01CeS tylll 1eclllllethe L1Se Of lalger arlllOr rOCI The largeltGaeS

conlbinecl frith reflection of tyave energy from the arnurecl levee trill result in erosion and

lowering of the nnuitlat infiolitof the letee Figure 72 To couliter the lotyerilig ofthe nnuultlat

more rock will hate to be placed at the toe of the levee slope extending the Strllctlire fillthel 111t0

the Bad PA 2005 Heberger etI208

Holding the line therefore results in an increasingh steep slope up to 13 on the shoreline the

crest increases in height the toe lotyers and the levee stays in the same location The inereasecl

tyateenemy is clissipatecl over a shorter distance increasing the erosion of the nludilats and

increasing the forces on the letee Any salt marsh or nlucltlat in front of the levee trill be

squeezed against the steep slope

Holding the line is attractive because the eng111eerlllg standalcls for their design alul

implementation are well developed and tyiclely used Parris and Lacko 2000 Hotsever this

option is ezpectecl to have high colistructioll alxl ecologic costs The levees tyoulcl hate to be

J

i1larsProjectsU55HayaardahorelineSeaLevel RiseRepor1FinalDraft021610FiSPfReportvl5doc

Olii U



CCllitllillally lllallltalllecl a11C1 llllpr0ed by both ra1S111 a11C1 stlelltllelillla the stlllChlleS These

costs are 111 aCldltloll to the loss of the mndflat alxl salt lnarsll tvllicll Ilaneboth ecological glut

11ooc1 protection filllctions as tllev are squeezed against the levies

The reglllrecl 111C1ease111 levee CleSt elevatlolis to lllallltalll ellstllln1roteCtloll 1S Oll the OTCIer Of

sea level rise phis SL1bs1Cle11Ce reslllt111 from acldecl till Tl1e stable rocl size to prevetlt erosion

twill increase with the depth of water at the toe of the stialchue The rate of cost increase is

ezpectecl to be greater than the rate of sea level risz tvllicll is pre7jectecl to be epollential Thz

Cost Of re110Vatllig sl1Cl1 strllChireS fOr eTlstllla COllClltlolis COlilcl roliglil be estllllated 111 the1811ge

of100 to 1000 per linear foot tvllile the cost to tvitlistalxl fuhire collclitions is lilelyall order of

lliallltllde tell tulles lugllel eg10001el lllleal foot jT11f01tllllately llllplOlllgthe levees

twill not nutigate effects to groundwater and drainage issues Ecoloic cost is difficult to quantifi
in dollars but can be collcephlalizecl by assulllill the intertidal areas oll the Bav side of the levees

tvlll be CllOtvlled CirollllCltate1C11a11eS Call affect the eC010vlallclwarcl Of the levees aS swell

LeeeS Call 111CreaSe the r1Sli t0 p11111C SafZtV llot llst b 111Creasllla erOSloll alicl preelitllig
clvnanlic coastal process but also bv e11CO111alllgthe clevelopnlent in undeveloped hazard zones

CTriggs et aJ 2000 In other areas of the county providing structural shoreline protection has

increased the vulnerability of the COllllllulutt by e11COl11allldevelopment clnectly beluncl the

struchue and generating a false sense ofsecul7t Heberger of a1 2005

72 REALIGNMENT

An alternative to Hold the Line is to move the levee to a llety location further inland This

allows marshes and nnldllats to transgress landward naturally Tlus also requires relocating

people and esistin illtiastnichueout of the hazard zone while restlYCtin nets constrnction in

11111erable areas Reallalilllellt taliet aclalltaae of the llahlral protectloll1rOVlclecl by lllarsllet alicl

mlulflats to reclllce the rill of 1looclilla allcl erosion allotsillg smaller levies to be built Figure
73

Both muclllats and salt marshes decrease or attenuate tvaes The amount of wave attenuation is

aovernecl by the water depth becl roualuless marsh eclat cllaractel7stics and veaetatioll
characteristics Salt marshes in1articular are ver efficient achieving up to 7l50oreductions in

wave height over 300 feet compared to 20300over nnuit7ats of sinular widthsCooper 2001
Moller and Spencer 2002 measured lnreductions in observedtawe heights ofer nalYoty

strips of salt marsh 30 feet tvicle Havill a salt marsh and llluciflat in front of a levee twill reduce

the incident ttawe height at the toe of the stluchtre reducing structural damage and the amount of

wave overtopping Letees can therefore be built lower and with less armoring reducin6 the total

cost of the levee b up to 30 percent in some casts Turner gridIalev 1993

Oll the Havtvard shoreline the levee line could be realiited to the lancltvarcl ecleof Oro Loma

Costvell alicl Havtvard marshes see Figure 7 allotvinn these marshes to transgress lancltvarcl
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nahirally The ezistill bayslxre levee zQuid be lllailltaillecl in front of the land tills alxl

wasteater treatlnellt plants Realialunent voulcl decrease the lope of the shorelinz clissipatillg
jeve ellerav aver distances of several lluncirecl feet or more anti alloyin the constriction of

nmch toer levees

Hotever the fact that the bayland slopes behind the existing levees are so flat11000 and tidal

marsh accretion rates may notbe sufficient to keep lip yith rising sea levels means that the rate of

landarc1 llliQration of the shoreline i11 be vely rapid For the lligllelul 200 projection of 16

inch sea level rise the shoreline play llligrate laluivarcl up to ip varcls 111 the follovui ears

file sllOrelllle llla llilarate lip t0 a fllrtller1000varcls to 111a1ea total of about100varcls by the

end of the centut

In concert jtiitll the moving shoreline the hazard zone associated jyith flooclin will also hove

llilalid Reahglllllellt OV0r1ZlatlZlflat S10pZS llSZS farad a11101111tS Ot lalid hilt lilac1rOVlclZ 110001

protection benefits for only a relatively short period palticularly if vertical accretion rates anti

plant establishment rates lag sea level rise

73 GRADTLSTEEPENING

Even jvitllout the tlueat of sea level rise the area of potential llillllclatloll otl t11e Havwarcl

shoreline is large LoolinR ahead the East Bev shore twill become illcreasillRh vulnerable to

inundation by 050 Idealh env adaptation shateRy to such changing conditions should

Dissipate wave energy over a long shallow slope

Provide a lllechallisnl to increase the surface elegyatioli at about the rate ofsea level lice

Allow for adaptation to varina rates of rising sea levels

Slow clown both habitat allcl hazard zonellliratioll

Thz Havwarcl shoreline has same space to reali6n but also has tjo other opporhulities to exploit
Firstly lame a111o1111tS of treated fresh yater pass tluoua11 the Hawarcl shoreline in the EBD

pipeline fr0111 treatlllellt plalits 111 the SOlltll gild east t0 be d1SC11arRec at the 1111CIbaOlltfall Tills

plpelllle rUlllullg lloltllSOlltllaclOSS filebalalldsSevelelycO11St1alllti file realllllllelltOf the levees

and since it is located in pooch collsoliclatecl Bev TIlld is lllnerable to seismic clalnaae

Redirecting the output from the jyriteater treatment plants to local treahuent marshes and

cliscomlecti116 the EBD pipeline youlcl remove a major cOliStralllt Oll the Hava1Cl tillolelllle gild

illlprove the resiliency of the EBDAsStelll The lllpllt Of frdsll jyater at the llilalld ed6e of the

tidal marshes would create more productive brackish marshes jvitll 11i611er accretion rates

thereby better able to keep up with rising sea levels conlpuedto saline tidal marshes

3
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The sealxlopporhtllih is the localatailabilit of sediment Szclilueut is at przsellt bzin trapped
at San Leallclro1Iarilla alul along the flood cllatutels leading t0 the Bi1V Ill t114 past tills S4C11111e11t

j40U1C1 lia4411te14d 1114 PiaV a11C1 aCCletecl Oll 111UClflatS and 111arSlleS t111S cOllllecri011 lla8 llOj4been

blOliellIev4es fl0001 CO11tT01 c11a1ll1e1S a11C1 llTlall clevelOp111411t llav4 1SOlatecl the bavlalicl

marshes from natural pulses of vaterslled Sed1111e11tS along the tidal marsh edges Natural

sediment depositional landfolYUS such as crevasse splay s deltalileoverbalil sediment deposits

on marshes or floociplailis alicl alluvial fanstashes lxlonger form in diked bavlalxls to propisle
narilraljiclellin6 anti secli1114nt luul7slullent in the upper tidal elevation ran6e Of the baelancl

edges The seclilnellt presently trapped could b4 r4coverecl allcl 11clraulicall placed on the

bavlancl eckes rttttctal 1ua11 marsh be1111s otl the outer marsh eclaes could be actively

111a111talllecl Ol 111allaaecl t0 keep 1aCe tvltll Sze level r1Se allcl elOS1011 bt periOCllcally1a1S111a their

creststith tlun deposits of sediment berm capping in phases of staggered patterns to ensure

continuous nlariue vegetative cover

The Jraclilal Steepening option combines these oplxrtulutl4s to create a morn sustainable

shomline that tau accrete vertically and does not transgress landtard so rapidh It conilines the

vilrites of the Hold the Line anti Realignittellt Opt1011S hilt does llOt alleviate 1111pattS t0 lallCl

uses allcl costs Figurzs 7 is acrosssection of the Havttiarcis shorelinz shottiinn the plain

e1e111e11tS

The existing bashore leee lice would be maligned fillth4r ililancl behind the marshes

An irnpermecrhle bermtonld be coustnictdperhaps ith a cutoffa11 to limit salinr

al01111C1tiaterllltli1S1011 The clest elevdtloll Of the llllpelllleable belYlljOllld be set by still

jvatel 1eve1S gild j O11Id be1elatlvely 101 aS It101114 110t be S11beCt t0jeve OveltOpp111g
Ifspace tvas limited thin anirrrrerrrrecrble roll could be used in place of the belYU

AfieshilatersIale tVOUId 11111jarallel ta alul bavvarcl of t114 llllpelllleabl4 bellil T1llS

Sva1B jLOllld act aS a lllallltOlCl C11StTlblitllla tr4slltat4r 110111 the jLastejate1tleat111411t

plants along the length of the shoreline

Forminn the bavtarcs bald of the freshaterstyaletoulcl be a seepucre bean Thistoulcl

b4 a bel7u eliglrth lojer than the impelYUeable bel7u ith a long shallot 1100

bay a1Cl Slope C101G11 tCl tidal lilalsll 414vat1011 T1llS bellll 01114 b4 cO11Shuctecl tlOlll a

poorly sorted coarse anti fln4 material clrecl6ecl from the flood chalulels ater from the

svale jtioulcl thin step tluough the berm as sllallovglounclvaterclisehareto the back of

tidal marshes alxve tidal elevationthere brackish marshjoulcl form Figure 76

Figure 77shows the General al7an6emellt of the marshes styales anti berms in plan vie The

Salllle tlclal I11a1S11eS ttiOllld acClete gild tla1lSleSSnahrally ilp the 1100 slope ttihilt the braclisll

lilalsll Tvlll aCC14te 111014laplcll Clue t0 tlld Rl4ate1 Olga1llC plOClllct1011 ve1 t1111e as Sea ldZl

rises the slope should gradually steepen rather than transgress laluhvarcl Thistill slow ciovllthe

landjard transgression and loss habitat by squeeze yet maintain the jyave attenuation filnctions

7
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of the marshes Figure 710 shows a possible layout of freshwater styales in blue and seepage

berms in green as applied to the Havtvard shoreline

Sediment fionl the hood chamlels could be used not just to construct the original seepage berm

but also to periodically raise it pipe COtlICI be 1tillOll top Clf the belYll tlllOtlllthicktould be

pumped a seclilllelltttiternlizture This lllilttlretoulcl be released on a regular basis in an

alternating pattern of splatis in small amounts so as not to bul the ezisting egetation Finures
73and 79

The opening up of clilecl btivlalicls t0 Hill tldtil llltlllClatloll COl1ICl pr0lCle flOOd StClra6e lotser 111 the

titClrlllTate1 SvRtelll that Tvotilcl reCltice Creel elevations clilritl tloocls and recluse the need to raise

levees in the hrture Increased tidal inundation in the creelstillalso help maintain conveyance in

the lofter sections of the channels Going one step filrther stolYU tttiter could be rerouted to

discharge tluough the freshwater styale rather than the ezlsting tloocl chamlels Flood channels

would continue to collect stormttiter from the tvatersllecl but tlle tvoulcl no longer need to be

routed to theIiay Stortllttiter tyOlllC1 tllell fill the fresltttiter stvale and spillover on to the

seepage berm as diiiilse sheet flow rather than as a chalulel the seepage berm has a lotyer crest

than the impermeable berm on the landtyard side This tyould reduce the COSt Ot lilallltallllll the

tI00d C1lalulelS slid they ti0tilCl llot have t0 be 1110Clltlecl t0 aCCOllullodate r1S111 tied levels

The Grachlal Steepening option lllilllics 111a11V of the historic ba processes Historically most

of the South Bav drained tluouah small creela that tel7uinated in alluvlal falls or slufting unstable

deltas raclill clotyn to tidal salt marsh Fety creeks comlectecl to tidal sloulls they did not

clissllarne clireetly to the bay but tluoull riparian tloodplain tyetlalxl completes The lancltarcl

ecles of many tidal marshesthere sulase roundtvater seepage in alluvial fans tas lull

supported fresh to brackish marshes with egetation like toles Backnlarsh ponds similar in

concept to the fresllttiterstvale can be seen in topographic sulvesululertalenin the 1SOs by

theTTllitecl States Coast Sutey in the Netvtirl Rechvoocl Clta11C1Iiall IslallCl areas

Other benefits to including a brackish marsh in the shoreline include greater Ilitroenand carbon

sequestration than a saline tidal marsh The use of a freshertitersale also diiTuses the floessof

ttiter and sediment avoiding pointsource concentrations oftastetater otlttlots and

Co11tti111111ti11tS

7 DIFFiJSERIIRING

Both the Realignment and Cnadual Steepelung options require space Tlus space is not

attillablethere the Llplalld parts of the HaVtGarcl Sllorelllle 111 ptirtlClllar the land fells allcl r0

LOlllattitee ttititer tleatlllellt plant lee Close to the Sllorelllle Ill these loctit1o11S tThere retreat 1S

llot feasllle Sllotll111 black 111 Fltlre 71l a 1110Clltled Holc1 the Lllle Optloll elegy be

appropriate Eelltith the Hold the Line option actions outboard of the levees 111av be clesirecl

to nlitinate loss ofshallotsareas and to provide more cost effectivetaye dissilation
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tollelitlollal NaveelOSlollalatdlllellt teclllllClRe are lased Oll arlllOrlllg llaldelleCl Sllriace SllCll

as TOCl arlllor c1Z erOSloll llifterS that ellllllate llatllral 11dG1iS11ClTdjaVelllfrer11161r000SSeS

such as eshiariue beaches sand shell or avel sediments at the toe oferoding marsh scalhs and

coarse offshore lelYUS see Figure 711 are 1otential altelYlatives Thesetollld be alle to

acconunodate rising sea lei els either b the addition of sediments 111 tlull lavers or by rolling

landard drivels by ae forces Then lllav also elillance rather than conflict it11 ecological and

aesthetic objecties fir tidal etlands and provide additional recreational benefits in suitalle

locations
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8 NE1T STEPS

Sl SHcRERELIGNIIENT1ISTER PLN

Tliouhtllele1S U11Certalllt 111 precl1Ct111 the rate of sea level rise lame increases ill sea level are

eZpected over the nett Ce11h11 alUl the C111eSt1o11jeale llealYlig 15 llot 110Zi 1111iC11 bllttlleli

Tllelef01eplalllllllg and tuanae111ent needs to be all ongoing longterm process alloi11a

llllllledlate actlolllllell 11eceSSitrv allcl aclaltlve t0 Cliallallla CO11d1t1o11S e a1lhClpate that

aclaptatloll vlll bB all Oligollig 1rOCeSOf 1lalllllllg pr10r1t1Zatloll alicl SleC1f1C 11Oect

inlplelnentation It is generally accepted that the nett feclecacles provide a period ofopporhllit
to cleelop adaptation plans and actions before sea level rise accelerates reath

Building oli the recomiaissance level lyork already undertalell by HASPA in the present stluly a

morn cletailecl assessment of coastal hazards to specific illfrashlichueshould be llliclertalen Tliis

yould lead to the clevelopnlellt of a Shore Realigltment Master Plan and clesill alxl

inlplenlentation of specific adaptation pleasures

This call be acllievecl econolliically by application of collcephlal models ofshore response to sea

level rise These shore response models are applied for one or more climate cllallescenarios and

1lallllllig llol1ZOllti Fllhlre lllllerablllt Of aSSett allcl 111fraStrllCtllleCall tllell be aSSeSSecl allcl a

strategy for adapting to climate cliallge can be clevelopecl yith due consideration to priorities and

time frames The lllnerability assessment can also 1rovicle a frallielyork for a6elic glut

COlllllllilllt eduCatloll aliCl partlClpatloll feed lllt0 Otllel1lalllllllg documents altcl icleiltif flllicliltg

11eeC1S

Tlie appr01C11 1S t0 gallTe lilllerablllt baseCl Oll the pr0111111t Of fllhlle drOSloll alld fIOOClllig
hazard zones to facilities Risk can be filrther characterized by iclelltifiina potential damage
modus corresponding prosinlit criteria prozimit betsyeen the shorelintr and the element at risk

such as a trail or pipe and sevelitc of clamaeThe level of lisp can be cateaorizecl in telYUS of

likelihood of clanlaetitllill the forecasting pe1YOC1 allcl the Sepeilt Of the da111aeSTlllti allolys

planners to prioritize their response to sea leel rise

The results of the zllllerability assessment oulcl be used as a basis for a Shore Reahamnent

1Iaster Plan tiit11 adaptation strategies fOT lliltlgatlll sealevel rise effects elelllelits of tiMich

could include

prioritized list ofadaptation actions eg projects ith a schedule capitalepeudihire
plan allcl plalllilllg relllat0l fralllel0r1C

ilutiate field data and process anahsis to form a basis ofadaptive mcuiaenlent

develop a regional sediment lilallagement plan

1
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the lliterllll e1111allcelilelit Ot eTlstlllg tillore protect1o11111eaSUles ittchlclillg the placeltletit
of 1111 to increase levee heiglit assess the need for the existing shore protection st111cttlres

to be tlpgradecl 111 the 11611t ofthe other potential options

mocliiications to storm jvater svstelll routing and storage Potential storage areas for pear
tlojvs may be iclentitlecl

nxuiiflcatiolis to vasteater treatment facilities Opporhlllities for interrtinastevater

treatments alxl etlalxls vlll be considered ifthese alloamoresustainable shoreline to

be developed

mociiticatiolis to etlancls to enhance their ability to buffer the impacts front the rise in

sea level For instance the use of Inuclcly seclilllent from Bav clreclRin or stream

maintenance proranis to nudif the intertidalnurpholog and make additional

sediment available to create brackish Marshes enabling the vlxles stem to beep pace

jvith sealevel rise

the realiiullellt of levees to alll Vlore llialSlla1Kl btlttela1eaSSSeSS the teaSlblllty allcl

potential effectiveness of setting back the line ofthe outboard leee to a ne line ililand

of the orininal This otllcl nxxlih tidal tlovs anti provide aclclitiollal buffer space for the

Marsh and nnultlat system to nlirate inland in response to sealevel rise

R2 COST ESTIIITES

This section describes relative cost estimates for the tluee adaptation strategies described in

Section 7 Holcl the Line Realialllllent anti Cnaclual Steepening The lllajar elements of each

aclaptatloll ttlate6 are CIeSCrlbed belO1L jLlucll tOaetller tOrlil the1elatlve cOSt ettllllate11eselltecl
in Table 81For plaluling purposes eve have proviclecl order ofmagllihxle estimates to allow cost

comparison of alternatives These cost estimates are intended to provide an approximation of total

project costs appropriate for the concephial level of clesiall and are intended to compare

alternatives rather than establish a tilYn project budget Criven the approlinlate level of this

estimate a17a116e of costs is presented 1elicllllg more clatailecl esttttlates based oli fUrtller

engineering Land acquisition and easement costs are not included
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Estimated Cost Range
M

Hold the Line

Outboard levee u rade 103M 137M

Inboard levee upgrade 158M 210M

Landfill armorin 38M 51M

U rade water mana ement 5M 7M

Total 304M 405M

Reali nment

No outboard levee u rade 0

Inboard levee u rade 178M 238M

No water mana ement re uired 0
Landfill armorin 38M 51M

Total 216M 289M

Gradual stee enin

New inboard levee 132M 177M

Freshwater swale ve etated berm 66M 89M
No water mana ement re uired 0

Landfill armorin 38M 51M

Diffuse armorin of landfill 7M 10M

Total 243M 327M

Table 81Estimated relative costs of adaptation strateies Estimated relative casts are presented
in 21dollars ante ould need to be acljustecl to account for price escalation for implementation
in firture nears This opiiuon of probable costs is based on Psprior experience and prices

from similar projects

Hold the Line seeFrure x11 the major cost elements are upgrading the existing outboard and

inboard levee by increasing the crest height ante increasing the arlllOr on the outboard leees

These upgrades could be undertaken incrementally in ling ith the actual rate of sea level rise

Additional aiYUOr yould have to be placed in front of the landfill ante the Oro Lomajtiter

treatment facility In aclclition the manaecltidal systems at the Oliver Brothers property and

HSRI marsh ttioulcl require nev titer conholstiichues Pumping may be required in the firture

as logy waters in the Bay rise

Realignment tee FrrneJfor the realigmuent option the outboard levee yould be removed

or alloiyecl to deracle Naturally AClclltlollal armoring to protect the lancltills tyolllcl leave to be

placed The inboard levee tyoulcl leave to be up4raclecl aucl lengthened to protect the foiYner

managed tidal areas of the Oliver Brothers propert and HART marsh however new control

structuresjoulcl not be required

GradralSteepenin see Figrnex10 the inboard levee is realigned and shortened compared to

the Realimnent option In aclclition a freshtyater Swale ante veetatecl berm is constructed
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bavarcl of the inboard letee Aciclitioltal alYnolYng to protect the laluliills oulcl ltave to be

placed Ill tills alterllatlve Cllfhise arlllOrllig 1S placed 111 f1Yllt 0t the lalldtlll arlllOrlltg t0 attellllate

jvaVdllttlaCt Oll the StlllChlydt allcl Z1111a11Cd tllZ ZCCl1Cl61Ca1 11tid Ot the ShOfd

Solve colttltton elements oulcl occur renarclless of the stratenv cltoselt ltave lutbeen incluclecl in

the costs For instance pumpingti11 likeh be required to lift file stOrlll ZLate1 11111off Oer the

balYiers in order to cliscltarne to the Bay and preyent flooclinn chlrilin ltinll tidesclditional

facilities such as subclrailts storage arias anti increased ptuup capacit lttav be required to

nlitinate increased nrouucl titer levels

In aciclition some assumptions on tintiltg llaebeen nlacle Firstlt that these are costs to provide
protection fora inch rise in sea level 11ich is eZpectecl to occur by 100 aclclitiollal costs may

be incurred for sea level rise nreater than 5 inches Secondly coniplenlelttal projects such as

the reconfiguration of the EBD pipeline are assulttecl to have occulrecl b 00allcl are not

ilicluciecl in these costs as they are driven b factors other than sea level rise llalnel seismic

vlllerabilit

It is important to note that these are costs for largescale conshllction projects and hencetQuid

reclllllecletalled a11a1vS1S till elinlllee1711n C1eSln11 thatj01114 llliel lead t0 adclltlollal reflllelllellts

Lalid COstS Ire 110t 111Clllclecl at tills Stage It 1S alltlclpatecl that all CO11St111Ct1o11 tvOlild be

aCCO111p11Slled Oll pllbllclOl11ec1 lallcl allcl land allcl eaSelllellt1llrCllase COStS alellot 111Clllded

also costs associatzcl with environmental rzstrictions of constnlction incluclin6 tinlin and

phasing are not elplicitl heated

R3 REUiTLATORZREQLJIRE1lENTS

The Short Realinluneltt Master Ylalt will cover a relatively lame continuous areati11 1001 at

least i0 to 100 nears alleacl cover a number of different aCt1011S 111Cllidllin the ca11st111ctio1l of

levees ecolonical restoration and stormtiter mananement and have to be adaptable to

aCCOllllllOClate t11e tlltcertaillt in fuhlre euviro11111e11ta1 conditions For these reasons the

renulatol compliance process play best be undertaken as a Pronrammatic Enviroluttental Impact
Report EIR aFrogranuuatic EIR is an EIR hich may be prepared on a series of actions that

Call be C11araCterlZeCl aS Olte large project alUl ale1elatecl b neOnraplt aCt1o11S p1a11S Or Otller

nelleral critelYa anti Itavinn nelterally similar eltviromttental effects tvllich can be lllitinated in

similar yavs

AIronra111111atIC EIR provides a more comprehensive consideration of effects alternatives ailcl

cunuilative impacts It allows the lead agenc to consider broad polio alternatives and progranl

yide nlitinatioll pleasures early in the process Lse of the Yronranullatic EIR enables fire lead

anenc to characterize the overall program as the project being approved at that tllue llell

ilxlitidtlal projects jyitltin the program are proposed the lead anency is required to elantine the

1
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individual activities to detenuine whether their effects erehtlh analyzed in the ProGranunatic

EIR Ifnat supplemental dacunlentatian nla be required

The General processtoulcl colllprise tluee phases
Eniromuental review

Perlltitting

COllilhallce revlej

Environmental reietymat consist of both National Enviromuental Policy Act NEPA if there

is a federal interest allcl California Ellviromnental Qualit Act CEQ compliance and is

tpically completed first NEP if required and CEO clocttments shottlcl be prepared
calicllrrelltl a11C1 itsecl as the basis uponj1llc11 the regnlaton and rzsourcz aGZncies process

pel7uits The USACEtpicall selves as the lead agenc under NEPA For CEQA several state

agencies luau be involved FiGures 818anti 83provide flow charts of the NEP and CEQ

compliance processzs

Once the environmental retiety is completed the pernut process begins glut the applicant
submits the necessal perluit applications to the appropriate agencies There are nlan routes that

can be talell to receive the pelillits llecessal for a shore manaGelilent project clapencling on the

llllplelllelitlllg aGenc and the project applicant One pos3ible raltte is 31utnin Appendix B

Table 82below is a list of pelYllits allcl approals that are lileh to be required from various

resourceireGulatol agencies fortpical projects that may be considered antler the Shore

RealiGlullentiia3ter Plan

LSrnnColps of Clean ater ActCTf1Section 10 Letter of Perluission

Ellnilleers Section X01Incliviclttal Permit

LTSrnn Carps of Rivers and Harbors Act Section 10 authorization

Engineers

ReGlollal atel ltallh Cleall atel CtTSectloll 1atel ltallt
Olltrol Iiaald Celtlflcatlall allcl 111 3lt1artOf SZCtloll1a11Zrllllt a11C1Or a

a3te Di3charae Rec uirenlenttiDK

National Historic Preselatioll Act Section lOC colnpliallce in

3tt011 Of Seltloll 10 erllilt

Bav C0113eratlall alld 1iaOrPerllilt Sllare RdallGlullellt1I83ter Plall 3halilcl be

IeeloplitelltCa1111111331011 C011313tellttti1t11Iay Plall

LT S F1311 8114 lldhfe Federal E11C1811ge1eClSleCle3 Act ES Sectlall C0113tlltatlall

Service reGarclillg project effects oll tvilcllife species federally listed as

tlueatened or endanGered

NCAAFisheries Federal Endangered Species Act ESA Section 7 consultation

1egardlllg ploecteffects Oll811ad1a111C1113 11311Slecle3 federally

ii
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115teC1 a5 tllreatelleCl Or eliClallereCl

POltelCOlOlle T1atel QL1a111V Ala j aSte d15hale
1egllllei11e11t5 a11C1 Statel1cleelleral CO115t11lct1o11 Natlollal

Polllrtant Discharge EliminationSstelnNPDES Storm

ater PolhltalitPreyelltloll Plall 5 PPP

California Department of California Endangered Species Act CES compliance and

Fis11 atlcl CTa111e c001Cllllat10111eQalCllllploject effects OllZlldllfe51ec1eS State

115teC1 aS tllreatenecl Ol elldalleleCl

CallfOrllla Departlllellt of allfOrllla F1511 aliCl ra111 OCI SdCt1Cl11 lti StrZa11111ZC1

Fish anti Gavle Alteration arzenlent

1Ia611t1se11Stee115onFishet Collselvatioll Act Essential Fish

Habitat analvSis

1Iiscellalleous cliscretiollal Approalrpernlits lllav be needed from additionalaelicies

appr0a15 pCltelltlall lliclllCllll AlalileCla COllllty FIOOd CllltlOl gild atel

reCjlllred fr0111 localae11c1eS O115eratlollD15trict State La11d5 OI1111llSS1o11IJS OaSt

Guard and Ba Area Air QualitIIanaenlent District

Table 82Tpical list of pernuts anti approvals

Ill tel1115 of a tllllelllle for Obtallll116 the reCllllredler1111t5 allcl approa1S the hio longest processes

alehplcallS a550C1ateC1 lvlth the Sectloll 0115111tat1o11 a11C1 the11b1 ltdlllatlSllal515
llost ifnot all of the other approvals can be obtained jvithin the timeline fir these tjo pe1711its
and they can be processed on parallel haclcs As an example the entire process for the South Bav

Salt Ponds Project SBSP tool approimateh 2zears to conlelete

g4 POTENTIALFLNLING SULTIZCES

There are a member ofpotelitial fiuicli116 Sources to develop allcl illlplelnelit a Shore Realigmilellt
1Iaster Plan

L JSrniv orps ofEngineers

The USAGE is the prilllan federal a6enc filnding Shoreline restoration prgjects Funds are

available for a vicle range of projects tvlucll aretpicall linlitecl to lareScale stntchual

alternatives The LJSACE lllav be able t0 paltlclpate 111 lllallaeClrealllllllelltpllject5 althouh

there is not a specific Congressional authorization similar to shore protection flood control and

llalatloll FlillCllll 111eC11a1ll51115L1t11111 the ores consist oftvo major proranls the Co1tt1111i111g
Authorities Program CAP and the General Investigations GI approach For smaller prcject5
file COrpS llla act dlrectl llllCler CP1ltllollt alltl10r1Zatloll fr0111 O11areSS AP 111c111dd5 a

nunlbar of standing authorities to shuh and constnlct certinspecific prciects Projects that are

larael 111 SCOpe reglllre cOllaleS5lollal alitllol1Zat1011 gild jvOlild fall lilldel GI GI recollililenclatiolls

go before Conress for project authorization anti then for fllnclin Requests for projects with the

LJSACE can be made at ane time however for nevstarts antler the GI program and the CAP the

C
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requests
are
linked

to
the
budget
cycle
All
projects

funded
by
the
USACE
require

reconnaissance
and
feasibility
studies
prior
to

implementation
to
determine
whether
a

federal
interest
exists
in
the
project
unless

the
USACE

is
directed

by

amemberofCongresstomoveaheadwiththeprojectTheCAPprogramismadeupofnineindividualprogramsthatarecategorizedbythetypeofprojectbeingproposedAllprojectsarecostsharedbetweenthefederalgovernmentandanonfederalsponsorAnonfederalpartnerisalegallyconstitutedpublicbodysuchasacitystatecountyorconservancydistrictwhichiscapableoffinancingtheprojectandprovidingforoperationandmaintenanceoftheprojectoncecompletedSections14204and206couldpotentiallyprovidefundingforaShoreRealignmentMasterPlanSection14EmergencystreambankandshoreerosionThisprogramisauthorizedbySection14oftheFloodControlActandfundsshoreprotectionprojectsthatprotectpublicfacilitiesincludingwaterandsewagetreatmentfacilitiesandroadsthatareinimminentdangeroferosionPrivatepropertyisnoteligibleCostsharerequirementsare65federalto35nonfederalandthemaximumfederalcontributionis1millionSection204BeneficialusesofdredgedmaterialThisprogramisauthorizedbySection204oftheWaterResourcesDevelopmentActandallowstheuseofdredgedmaterialfromneworexistingfederalprojectstorestoreprotectorcreateaquaticandecologicallyrelatedhabitatsincludingwetlandsThetotalprojectcostisshared75federaland25nonfederalandthemaximumfederalcontributionforprojectdevelopmentandconstructionis5millionSection206AquaticecosystemrestorationThisprogramisauthorizedbySection206oftheWaterResourcesDevelopmentActandfundsaquaticecosystemrestorationprojectsthatwillimprovetheenvironmentalqualityarecosteffectiveandareinthepublicinterestThetotalprojectcostsharerequirementis65federalto35nonfederalandthemaximumfederalcontributionis5millionInadditiontoCAPfundingitispossibletogetGIfundingforlargerprojectsthatdonotfitwithintheCAPprogramoracollectionofseveralsmallerprojectsThistypeoffundingrequirescongressionalauthorizationthrougheitheraSenateResolutionEnvironmentandPublicWorksCommitteeorHouseResolutionTransportationandInfrastructureCommitteeAlternativelyauthorizationcouldbeaccomplishedwithlanguageintheWaterResourcesDevelopmentActwhichispassedbyCongressandsignedbythepresidenteverytwoyearsTheGeneralInvestigationsprocesscomprisesfourphasesReconnaissancePhaseDuration912monthsCorpscoversfullcostThisphaseidentifiestheProjectStudyPlanandcostsharedetails57MarsProjects1955HaywardShorelineSeaLevelRiseReportFinalDraft021610HASPAReportv15doc030310



Feasibility
Phase

Duration
1

3
years

50
to
50

cost

share
up
to
50
either
sponsor
share
or
can

be

in
kind
Average
cost
is
700
000
to

1

5
million
or
more

Pre
construction

Engineering

andDesignPhaseDuration12yearsCostsharevariesdependingonthetypeofprojecttypically65to35federalnonfederalConstructionPhaseTimevariesdependingontheprojectCostsharevariesdependingonthetypeofprojecttypically65to35federalnonfederalTheGIprocessmaytakesixyearstoreachtheconstructionphaseoncethefundsareauthorizedandthenappropriatedAfterthereconnaissancephasethereisasignificant50matchingrequirementbythelocalsponsorUSFishandWildlifeServiceTheUSFWSadministersavarietyofnaturalresourceassistancegrantstogovernmentpublicandprivateorganizationsgroupsandindividualsOnepotentialsourceoffundingassistanceforprojectsthatrestorewildlifehabitatistheCooperativeConservationInitiativeThisprogramprovidesfundingforprojectsthatrestorenaturalresourcesandestablishorexpandwildlifehabitatA50matchisrequiredoftheprojectsponsorTheCooperativeEndangeredSpeciesConservationFundalsoprovidesfundingforimplementationofconservationprojectsoracquisitionofhabitatthatwillbenefitfederallylistedthreatenedorendangeredspeciesTherequiredmatchforthisprogramisaminimum25oftheestimatedprojectcostbythelocalsponsorCaliforniaCoastalConservancyTheCaliforniaCoastalConservancyConservancyisastateagencythatusesentrepreneurialtechniquestopurchaseprotectrestoreandenhancecoastalresourcesandtoprovideaccesstotheshoreTheConservancyworksinpartnershipwithlocalgovernmentsotherpublicagenciesnonprofitorganizationsandprivatelandownersandhascarriedoutmorethan1000projectsalongtheCaliforniacoastlineandinSanFranciscoBayTheavailabilityofConservancygrantmoneyisentirelydependentuponavailabilityoffundsmostlybondissuesTheConservancycanfundpreprojectfeasibilitystudiespropertyacquisitionplanningforlargeareasorspecificsitesenvironmentalreviewconstructionmonitoringandinlimitedcasesmaintenanceLocalRegionalMatchingFundsIfHASPAisgoingtobesuccessfulinattractingstateorfederalfundingsomeformofrevenuestreammustbedevelopedatthelocalregionallevelinordertoleveragethestateandfederalfundsThelocalsponsoristypicallyrequiredtoprovide50USACEoraminimumofandsometimesmore15ofcostsrelatedtostudiesandconstructionRevenuestreamsdeveloped58MarsProjects1955HaywardShorelineSeaLevelRiseReportFinalDraft021610HASPAReportv15doc030310



elsewhere
to
generate
matching

funds

include
a
transient
occupancy

taxTOT
levied
on

hotels
southern
California
and
elsewhere
real
estate
transfer
tax
RETT

tax
levied
on
sporting
goods
e
g
Texas

and
parking
or
user
fees
Other

strategies
that

could

potentiallybeimplementedincludecostsharingamongprojectbeneficiariesandspecialassessmentdistricts85GENERALIMPLEMENTATIONSTRATEGYDevelopmentandimplementationoftheproposedShoreRealignmentMasterPlanrequiresagovernancestructuretooverseetheprocessandexecuteactionsThestructureshouldprovideaplatformforinputfromthepublicaswellasfederalstateregionalandlocalagenciesHASPAisaJointPowersAuthorityJPAwithrepresentativesfromtheHaywardAreaRecreationandParkDistrictEastBayRegionalParkDistrictandtheCityofHaywardAstructureisdefinedhereusingtheHASPAasaJPAwithpartneragenciesworkingcloselywithanadvisorycommitteeAJPAisaninstitutionpermittedunderSection6500oftheStateofCaliforniaGovernmentCodewherebytwoormorepublicauthoritiescanoperatecollectivelyJPAsmaybeusedwhereanactivitynaturallytranscendstheboundariesofexistingpublicauthoritiessuchastheHaywardshoreItisdistinctfromthememberauthoritiestheJPAhasaseparateoperatingBoardofDirectorsandtheBoardcanbegivenanyofthepowersinherentinalloftheparticipatingagenciesInsettingupaJPAtheconstituentauthoritiesmustestablishwhichoftheirpowersthenewauthoritywillbeallowedtoexerciseandatermmembershipandstandingordersoftheBoardneedtobespecifiedAlsotheJPAcanemploystaffandestablishpoliciesindependentlyoftheconstituentauthoritiesJPAsareflexibleandcanbetailoredtomeetspecificneedsandtherearemanydifferencesbetweenindividualJPAsAnexampleofaJPAgovernancemodelsisthatadoptedbySanDiegoAssociationofGovernmentsSANDAGSANDAGcomprises18citiesandcountygovernmentsandisaforumfordecisionsonawiderangeofissuesnotjustcoastalerosionSANDAGalsohastheabilitytoissuebondsasestablishedinspecificstatelegislationSB1703Feb122002TheJPAisgovernedbyaBoardofDirectorscomposedofmayorscouncilmembersandcountysupervisorsaswellasadvisorymembersnonvotingfromDepartmentofDefenseCaltransSanDiegoPortDistrictSanDiegoWaterAuthorityandothersInadditiontotheBoardthereisalsoastaffofprofessionalplannersengineersandresearchspecialistsSANDAGbuildsconsensusmakesstrategicplansobtainsandallocatesresourcesplansengineersandbuildsawiderangeofpublicprojectsandprovidesinformationonawidevarietyoftopicsWithinSANDAGthereisaShorelinePreservationWorkingGroupwithstaffmembersandaShorelinePreservationStrategythatwasadoptedbytheirBoardin1993TheWorkingGroupadvisestheRegionalPlanningCommitteeofSANDAGonissuesrelatedtotheShorelinePreservationStrategy59MarsProjects1955HaywardShorelineSeaLevelRiseReportFinalDraft021610HASPAReportv15doc030310



For
the
Hayward
shore
a
new

JPA
could
be
formed
that

is
focused
solely

on
shoreline
management
issues
The
HASPA
JPA

would

include

a
multi

stakeholder

advisory
committee
that
advises

the
Executive

Director

andBoardofDirectorsApotentialgovernancestructurefortheHASPAJPAisoutlinedinFigure84ConsiderationshouldbegiventothegeographicallimitsoftheJPAsothatitcoversanareathatreflectsmorecloselythephysicalprocessesInparticularanextensionnorthtothedevelopedareasofOaklandandAlamedawouldseemappropriateInthisstructureHASPAactsastheleadplanningandcoordinatingagencywhichadoptsseeksfundsadministersgrantsandstudiesassistswithimplementationactivitiesasdeemednecessarybythelocalimplementingagenciesHASPAwouldreceivefundscompleteenvironmentaldocumentationacquireregionalpermitsasappropriateandplancoastalprojectsasappropriateLocallandusedecisionmakingandimplementationwouldremainwiththelocalagenciesTheExecutiveDirectorwouldbeadvisedandguidedonshoremanagementissuesbyanAdvisoryCommitteecomprisingengineersandplannersfromlocalcitiesacademicinstitutionsandindustryTheExecutiveDirectorwouldthenreporttotheBoardofDirectorsAnumberofpartnersareidentifiedinthestructureSomeareincludedbecauseoftheirregulatorystatussuchasBCDCtheRegionalWaterQualityControlBoardRWQCBandCaliforniaStateLandsCommissionSLCUSACEisafederalagencythatfundsshoreprotectionandecosystemrestorationprojectsTheCorpscouldcostsharewithanynonFederalpublicagencyTopartnerwiththeUSACEtheHASPAJPAwouldneedtosignanagreementanddemonstrateanabilitytopayBothAlamedaCountyFloodControlandWaterConservationDistrictACFCWCDandEBDAhaveinterestsintheareaTheJPAstructurehasanumberofadvantagesforHASPAtheJPAhasthepotentialforraisingmoneybyissuingbondstheJPAcouldenterintocontractsforshoreprocessesstudiesplanningenvironmentalreviewpermittingengineeringandconstructionasneededitsimplifiespermittingofprojectsovermultiplepropertyparcelsThisstructuremaybeupdatedasexperienceisgainedwithshoremanagementontheHaywardshoreForinstanceSANDAGfoundthattechnicalstaffmaybedesiredtohelplocalagenciestoimplementparticularprojectswhichrequirespecialcapabilitiesincoastalengineeringconstructioncontractadministrationormonitoringasneeded60MarsProjects1955HaywardShorelineSeaLevelRiseReportFinalDraft021610HASPAReportv15doc030310
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GLOBAL

SEA
LEVEL
RISE

OBSERVATIONSGlobal

sealevel
has

risenapproximately
120
m
400

ftsince

the

last
glacial
maximum
some
18

000

years
ago
Fairbanks
1989
In

thelast
6

000years

the
rate
of
sea
level
rise

slowedfrom

an
average

rate

ofabout50mm2inpercenturyoverthelast6000yearsto10to20mm04etalto08inpercenturyoverthelast3000yearsChurch2001thTidegaugedatafromthe20centuryindicatesthepresentrateofglobalaveragesealevelrisehasbeenbetween10and20cm4and8inpercenturyThefewverylongtidegaugerecordsththindicatethattherateofsealevelrisewaslessinthe19centuryItisverylikelythat20centurywarmingcausedbyanthropogenicimpactshascontributedsignificantlytotheobservedsealevelriseModelingstudiesindicatethatboththethermalexpansionofseawaterandaswellaswidespreadlossoflandicehaveincreasedsealevelfrom1910to1990bybetween3and8cmetal12and31inpercenturyChurch2001COMPONENTSOFSEALEVELRISESealevelriseisgenerallysplitintotwotermsaglobaltermthatiscontrolledbyglobalprocessessuchasthewarmingoftheoceansandthemeltingoficeandalocaltermthatiscontrolledbylocalorregionalprocessessuchaslocalwindsandlandmovementsLocalsealevelriseisalsoreferredtoasrelativesealevelriseasitcombineschangesintheboththeseaandlandelevationsGlobaloreustaticsealevelriseisthecombinationoftwofactors1ThermalexpansionoftheoceanThermalexpansionistheresultofhigherwatertemperaturesleadingtoanincreaseinoceanvolumewhilethemassremainsconstantOverthepast50yearstheoceanshaveabsorbedabout80oftheheatingassociatedwithgreenhousegasesObservationssuggestanaveragesealevelriseofabout10cm39inpercenturycanbeattributedtothermalexpansioncomponentoverrecentetaldecadesCayan2006Therateofthermalexpansionwillincreaseasglobaltemperatureincreasesandwillcontinueforabout1000yearsafteratmosphericetaltemperaturestabilizesduetotheslowcirculationofthedeepoceanMote20082MeltingofglobaliceThemeltingofglaciersandlandgroundedicecapssuchasAntarcticaandGreenlandwillincreasethemassofwaterintheoceansleadingtosealevelriseObservationsofglaciersandicecapssuggestanaveragecontributiontosealevelriseof2to4cm08to16inpercenturyoverthelastcenturyHoweverseveralindependentmeasurementsofGreenlandandAntarcticmassbalanceusinglasersandgravitymeasurementsindicatethatbothGreenlandandAntarcticahaverecently2002etal2006beensubstantialcontributorstoglobalsealevelriseMote200871MarsProjects1955HaywardShorelineSeaLevelRiseReportFinalDraft021610HASPAReportv15doc030310



Local

sea
level
rise

isa
combination
of
global

sea
level
rise
together
with
three
local
factors
1

Local

atmospheric
circulation
Atmospheric

factors

can
affect
regional
sea
levels
Wind
driven

enhancement
of
sea
level
can
occur

on
the

Pacific

coastduetothenorthwardoceancurrentsandduetoverylongwavelengthwavespropagatingupformtheequatoretalduringElNinoeventsMote2008CombinedwithCorioliseffectsduetotheEarthsrotationtheypushoceanwatertowardtheshoreOtherphenomenaassociatedwiththeElNinoSouthernOscillationsuchasthefrequencyandmagnitudeofstormsandstormsurgesmaybealsobealteredbyclimatechange2VerticallandmovementRelativesealevelriseisthesumofglobalsealevelriseandthechangeinverticallandmovementBCDC1987ThusifsealevelrisesandtheshorelinerisesorsubsidestherelativeriseinsealevelcouldbelesserorgreaterthantheglobalsealevelriseVerticallandmovementcanoccurduetotectonicsearthquakesregionalsubsidenceorupliftsedimentcompactionisostaticreadjustmentandgroundwaterdepletionUSACE2009AsratesofglobalsealevelcontinuetoincreasewithclimatechangeatsomepointtherateofverticallandmovementwillbecomelesssignificantindeterminingtheimpactofsealevelriseHoweverareasthathavesubsidedareparticularlyvulnerabletosealevelriseandextremeeventsCOMPARISONOFGLOBALSEALEVELRISEPROJECTIONSTherehavebeenanumberofrecentprojectionsofsealevelriseEachoftheseprojectionshasmadedifferentassumptionsinrelationtothefourcomponentsofsealeveldescribedaboveItisimportanttounderstandtheseassumptionsandthecontextinwhichthepredictionsweremadeIPCC2007TheUnitedNationsIntergovernmentalPanelonClimateChangeIPCCfourthassessmentreportAR4providedprojectionsofglobalsealevelriseforsixdifferentemissionscenariosTableA1andFigureA1TheseincludedhighemissionsscenariossuchasA1F1andA2whichrepresentedafutureinwhicheconomicgrowthisunevenandtheincomegapremainslargebetweennowindustrializedanddevelopingpartsoftheworldIncontrastlowemissionsscenariossuchasB1representedafuturewithahighlevelofenvironmentalandsocialconsciousnesscombinedwithagloballycoherentapproachtoamoresustainabledevelopmentEachoftheemissionscenarioswasmodeledusinganumberofglobalclimatemodelstogiveprojectedtemperatureandsealevelrisechangesTheuseofmultiplemodelsreflectstheuncertaintyintheclimateresponsesbygreenhousegasesandotherforcingsandthevariabilityamongstmodelsinrepresentingandcalculatingkeyprocessesTheresultsforeachemissionscenariowerethenassembledtoprovideanenvelopeoflikelyprojectionstogetherwithameanprojection72MarsProjects1955HaywardShorelineSeaLevelRiseReportFinalDraft021610HASPAReportv15doc030310



Low
EmissionHigh
Emission

B1A2

Component

2100

2100

Thermal
expansion

17
cm6

7
in
24
5

cm
9
6
in
Ice
sheet

contributions
10

5
cm4
1
in
12

cm4

7in
Greenland

ice
sheet

3

cm12in45cm18inAntarcticicesheet6cm24in75cm30in28cm11in37cm146inTotalglobalsealevelrise10cm14cmTableA1LowandhighemissionglobalsealevelrisefromTable107IPCC2007TheprojectionsprovidedbyAR4areofglobalsealevelriseanddonotreflectlocalatmosphericcirculationortectonicmovementsTheprojectionsrangefromrangingfrom18to38cm7to15inforthelowestemissionsscenariosto26to59cm10to23inforthehigheremissionsscenariosSubsequentresearchhasledtoareevaluationoftheAR4sealevelriseprojectionswhicharenowthoughttobetoolowandtheapproachusedtoderivetheprojectionshasbeenquestionedTheprojectionsweredrivenmostlybythethermalexpansioncomponentandexcludedthesignificantcontributionsfromtheacceleratedfuturemeltingoftheGreenlandandAntarcticicesheetsTheuncertaintyinmodelinghowicemovesinlargelandbasedicesheetsledtotheexclusionofthiscomponentandfortheIPCCtostatethatitdidnotassessthelikelihoodnorprovideabestestimateoranupperboundforsealevelriseIPCC2007TheupperendoftheAR4projectionisnotanupperlimitanditprobablyunderestimatesfutureetalsealevelriseRahmstorf2007Jevrejeva2008OtherrecentpublicationsreportdifferentglobalsealevelriseprojectionstothosereportedAR4ForinstanceRahmstorf2007usedalinearempiricalrelationshipwhichresultedinhigherglobalmeansurfacetemperatureandratesofsealevelrisetopredictsealevelriseincreasesof50to140cm19to55inby2100etalCayan2008etalCayan2008consideredthesehigherestimatesofglobalsealevelriseintheirstudyofsealevelriseinthecoastalwatersofCaliforniaTheydefinedtwoprojectionswhichbookendedthe73MarsProjects1955HaywardShorelineSeaLevelRiseReportFinalDraft021610HASPAReportv15doc030310



range
of
likely
global
sea

level
risereferring
to

these

as
low

and

high

Thisused

theA2
high
emission
and
B1
low
emission

scenarios

and
Rahmstorf
s
methodology
to

project
global
sea
level
risein
2100
Table
A

2
These

projections

werealsoadjustedtoincludetheeffectsofdamsonsealevelrisewhichmayhavestoredenoughwaterworldwidetomaskaccelerationintherateofsealevelrisepriorto1993LowEmissionHighEmissionB1A2Component21002100AR4projection28cm11in37cm146inAdjustmentsforicesheet22cm87in103cm405lossanddamstorageTotalglobalsealevelrise50cm197in140cm551inTableA2etalLowandhighemissionglobalsealevelrisefromCayan2008etalBothsetsofglobalsealevelriseprojectionsAR4andCayanuseaseriesofscenariostobracketlikelyfuturegreenhousegasemissionsThelatterstudybringsaddedsophisticationincorporatingadditionalcomponentssuchasenhancedicesheetlossanddamstorageHoweverthegeneraltrendisforprojectionsofsealevelrisetoincreaseastheprocessesbecomebetterunderstoodFigureA2Perhapsevenmorenoteworthyisthattheestimatedemissionsgrowthfortheperiod2000to2007wasaboveeventhemostfossilfuelintensivescenarioofAR4ScienceDaily2008ComparisonWithUSACECircularTheUSArmyCorpsofEngineersUSACEissuedcircularEC11652211inJuly2009whichprovidesguidancefortheincorporationofdirectandindirectphysicaleffectsofprojectedfuturesealevelriseUSACE2009PlanningstudiesandengineeringdesignsshouldevaluatealternativesagainstarangeoflocalsealevelriseprojectionswhicharedefinedbylowintermediateandhighratesoflocalsealevelriseThelowlocalsealevelriseprojectionisthehistoricsealeveltrendasobservedatalongtermgaugeAminimumof40yearsofdataisconsiderednecessarytojustifyextrapolatingintothefutureanduseasabaselineforprojectingfuturesealevelsThislowprojectionisatypicalofsealevelriseprojectionsasitdoesnotconsiderfutureemissionscenariosunlikeAR4andCayanetal2008discussedaboveMaintenanceofthehistoricsealevelriseratesintothefutureisunlikelygiventheoverwhelmingevidenceofacceleratedsealevelriseinthefutureThelowprojectionservesmoreabaselineagainstwhichtocomparethemorereasonableestimatesofacceleratedsealevelrisegivenbytheintermediateandhighprojections74MarsProjects1955HaywardShorelineSeaLevelRiseReportFinalDraft021610HASPAReportv15doc030310



The
intermediate

globalsea
levelrise
projection
is
based
on
the
average
of

thecentral
values
from
the

six
scenarios
used

inAR4
Rather

than
use

the

AR4

values

the

USACEcircular
Responding
to

suggests
using
curves

developed
in

the

1987NationalResearchCouncilstudyChangesinSeaLevelNRC1987ThisstudyusedaseriesofthreesealevelcurvesNRCIIIandIIIthatbracketedthethenestimatesofsealevelriseby2100ThesesamecurveshavebeenusedintheUSACEcircularbutmodifiedtoreflecttheincreaseinthepresentrateofglobalsealevelriseto17mmperyearRatherthanreflectaparticularemissionscenariothecurvesmodifiedNRCIIIandIIIaresetequallyacrosstherangeofthenmodeledpredictionstoreflectsealevelrisesof50cm196in100cm394inand150cm59inFigureA3TheAR4projectionsfor2100bracketthemodifiedNRCIcurveandtheguidanceistouseNRCIfortheintermediateglobalsealevelriseprojectionsfor2100avalueof50cm196inetalInasimilarveintoCayan2008theUSACEhighglobalsealevelriseprojectiontakesaccountofincreasedicesheetlossbeyondtheprojectionsofAR4ModifiedNRCIIIcurveisusedtogiveasealevelriseof150cm59inby2100FigureA3TherationaleprovidedfortheuseofthecurveisthatThishighrateexceedstheupperboundsofIPCCestimatesfromboth2001and2007toaccommodateforthepotentialrapidlossoficefromAntarcticaandGreenlandUSACE2009etalTableA3showsthatNRCIIIdoesgivevaluesclosetothatofRahmstorf2007andCayan2008lowintermediatehighComponent210021002100AR4projection18cm71in34cm134in59cm232inCayanetal200850cm197in150cm59inUSACE2009historic34cm134in93cm366inTableA3etalProjectionsofglobalsealevelrisefromIPCC2007Cayan2008andUSACE2009ThetermslowintermediateandhighareuseddifferentlyineachstudyinsomecasesitreflectstheemissionsscenarioinothercasesitbracketsapossiblerangeBCDC1987andUSACE2009providesguidanceonhowtocalculatelocalverticallandmovementfromhistoricsealevelobservationssothatlocalsealevelriseestimatesmaybeincorporatedintotheintermediateandhighprojections75MarsProjects1955HaywardShorelineSeaLevelRiseReportFinalDraft021610HASPAReportv15doc030310
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REGULATORY

COMPLIANCE
PROCESS

The
following
is

a
typical
regulatory
compliance

process

for
an
estuarine
shore
project
The
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a
number

of
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Convene
one

public
meeting
during

30
day
public
review
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arrange
for

space
Present
project
k
Prepare
presentation

materials
for
public
meeting
prepare

draft
notes
of
public

meeting
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to
review
draft

notes
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Finalize
notes
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preliminary
FEIR
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Screencheck
FEIR
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FEIR
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Submit
FEIR
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Prepare
draft
applications
for
the
USACE
assuming
the
project

will
require
an
individual
permit
a
CDFG

Streambed
Alteration

Notification
and
a
Regional
Water
Quality
Control
Board

RWQCB
Report
of
Waste

Discharge
for
Waste
Discharge

Requirements
WDR
and
National
Pollutant

Discharge
Elimination

System
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