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3 feet of SLR
or 100-year
storm

1 foot of SLR
or King Tide




Uncertainty in Estimates

Sea Level Rise Prediction Curves
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Vulnerability Assessment

A risk-based evaluation of the likely
sensitivity and response capacity of
natural and human systems to the
effects of expected phenomena.

~ Russell, N. Griggs. G. January 2012. Adapting to Sea Level Rise: A Guide for California’s Coastal Communities




CSMART and BayWAVE Process

Vulnerability Assessment Adaptation Plan

Local SLR Sensitivity Research &
Projections Develop
Adaptive Adaptation
Determine Capacity Strategies

Exposure

Areas Potential
Impacts

Implement

Draft an & Monitor

Action Plan

Determine Formalize

Exposed and Fund
Assets Actions
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Vulnerability Assessment Sections

® Asset Profiles

o Key Issues

o Short-, Med-, and Long-term assessment
with figures and tables

o Maps by community

o Other Considerations: EConomic,
Environmental, Equity, Management

* Community Profiles

o Key Issues

o Vulnerable Assets by Asset w/ figures
and tables

o Maps for developed and natural
resource assets
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4,700 acres'exposed at mean

° hlgher high water

s Mean higher high water: The average high tide, thus some sites could be dry during
Iower tides.
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4Bolinas-Stins on School
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- 20 miles of roads

including Shoreline Hwy,
 Bolinas Rd., and Sir Franci
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Marshes could convert to mud fl
may move upland
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Richardson Bay Shoreline Study
and the Game of Floods

Roger Leventhal, P.E.
Senior Engineer

Marin County FCD

Miller Ave King Tide 2012

Mill Valley Shoreline



Planning for Richardson Bay

 Currently floods on L |
“King” tides S
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* Flooding from both ends i '
(river/tidal) “‘

« SLR Impacts to
everything...

— infrastructure flooding NW cornerg Miller Ave and Locust 2005
— residential/commercial

— roads/utilities

— wetlands

— public access/users



Shoreline Study- Part |

Part | — Vulnerability Assessment (what Is
Impacted)

* What is flooded under 3 future SLR
scenarios (1, 3 and 5 feet)?

* Adds up impacted assets and rough costs
 SLR added onto MHHW (not storm tides)
« Mapped impacted assets from MarinMap
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Shoreline Study- Part Il

Part || — Adaptation Options

* Describes adaptation options (pros/cons, $) —
focus on engineering barrier options

* Presents different alignments to inhibit daily
tides (protects built edge)

* Adds up concept level costs (min/max)
* Discusses impacts and limitations

17



Various SLR Studies

=1}
Q

t
(=]

[
(=]

=)
=]
(=1
~
£
=]
k=
E
£
£
o
@
@ 40
=
o
£
@
L]
[+4
@
>
@
-
[}
@
w

]
=]

T T T T T

V&R 2009, NRC 2012, NRC 2012, CA V&R 2009, NRC 2012, NRC 2012, CA V&R 2009, NRC 2012, NRC 2012, CA
Global Global Global Global Global Global

Source of Projection




Projections — NRC 2012

from NRC 2012 for Northern
California

year Range low (in) Mean (in) Range high (in)

2030 1.7 5.7 11.7

2050

2100
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Mill Valley
Shoreline
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Sea Level Rise:
55 Inches
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Mill Valley
Shoreline

Strawberry Circle -
Greenwood Cove

Strawberry
Peninsula




Manzanita “King Tide"” Flooding

Note: flooding on 101
Is below roadway

- R
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Manzanita 36-inch Flooding

R

Flood Inundation

Depth, ft g % \

[ Jo-1 ; ; 2 - 5% -
%;5 N R Note: flooding on 101
B3-4 SN s below roadway
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Miller Avenue

Figure 26: Flood Focus Figure Miller Avenue at Tam High. 12 Inch Sea Level Rise.
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Mill Valley 36 inches SLR
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Added Up Parcel Tax ID Impacts

SLR Scenario Land Value Improved Value  Total Value”

Parcels
intersecting 1 foot
SLR 394 $187,592,105 SHheRee $398,888,402

Parcels
intersecting 3 feet
SLR $371,298,461

Parcels
intersecting 5 feet
SLR —- $649,217,099

Parl And Ride Lot
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Major Adaptation Strateqgies

Protect Accommodate

* HARD « Land and structure  Elevate buildings
« Build dikes, acquisition and infrastructure
seawalls /relocation » Floodproof critical

(@rmoring) Building/Planning structures
. |nSt61|||I }'de gates code and  Floodable
(small/large) regulation buildings/tiered

» Raise grades
_ changes developments
> lneEsse [pUmpng Allow erosion i

D=0l /migration of

» Natural beach
systems natural areas

* Tidal wetlands (phasing)
* Horizontal levees

...and combinatioli§ of any above




Famous adaptors throughout

history...
Dutch Boy built protection




Moses implemented phased managed
retreat




Noah went for accommodation
(ﬂoodable structures)

NPT




Part Il: Major Adaptation Strategies

~

p
Hard

_

4
Soft

\_

p

Infrastructure/
Lifestyle
"

J

Flood/sea walls
e Levees/dikes

* Wetlands creation/enhancement
* Engineered beaches shoreline

 T-zone creation

Elevate structures
Raise grades

Lifestyle adaptation
Zoning changes
Planned retreat
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1.
PROTECT

Hard (Traditional) Engineering

Traditional levee

-

Tide gate Flood wall & Pump station




Imited ROW
Cost, Impacts
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Pros: Stability if maintained,
Cost lower then wall
Cons: Large ROW required

LS N
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Flood wall & Pump station

Pros: Lower ROW than levees

Cons: Capital and maintenance
COSts

D
|
1
3
»
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Holland and Germany Large Gates...

Maeslantkering
L 4

Hollandse ssel [E=—
Keri

Haringvlietdam =
/ Hartelkering

Brouwersdam
/ Volkerakdam

Grevelingendam

Qosterscheldedam «hlllpulam

Veetsegatdam' Zeelandbrug

|
Zandkreekdam

Oesterdam

Baths: Spufsluis




Tidal gate

| Pros: Temp solution to tidal riverine
flooding

Cons: Cost, limited effectiveness over
time




Richardson
Bay)




Major Adaptation Strategies

i

p
Hard

_

p
Soft

\_

p

Infrastructure/
Lifestyle
"

J

* Flood/sea walls
* Levees/dikes

« High tide gates
 Rock Rip

Ecotone Levees

* Wetlands creation/enhancement
* Engineered beaches shoreline

Elevate structures
Raise grades

Lifestyle adaptation
Zoning changes
Planned retreat
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1. PROTECT

Soft (Nature-based) Engineering

_ Dune restoration &
Horizontal levee Beach maintenance

R

Wetland/ shoreline

vegetation Offshore structure



Horizontal “Eco” Levee

Anew kind of levee | Marshesas barrers B o
Tidal marshes can 13.5-foot-high levee
The Bay Institute, an environmental slow down storm
surges, meaning
group. has propos:rd a numbe.r of levees fronted by
horizontal levees” for San Francisco marshes can be
Bay that blend a traditional earthen built half as tall,
levee with restored tidal marshes. The and at half the cost,

marshes would be built up with as traditional levees

made of earth and WITH MARSH

sediment from local flood control clay. 7-foot-high levee
channels. Marsh vegetation would be > Note: Not
irrigated with reclaimed wastewater. s i \\!o\:.c.:lr

-

> »I\\_\\:\‘.-_- -
| Reclaimed |\
wastewater |
Planted
with fast-
growing plants such
as the mildly seawater-
tolerant alkal bulrush and tule,
the brackish marsh would slow
down a storm surge, absorbing
it like a sponge. This dense A ;
vegetation, home to birds such rails build their
as song Sparrows, can reach nests in tidal marsh

cord grass, which
8 feet in height. ol row 3 1o

5 feet tall alongside by seawater
1-foot pickleweed, most of the day,
tidal mud flats would

Source: The Bay Institute | not be vegetated. .y DOUG GRISWOLO/BAY AREA NEWS GROUP




Horizontal
levee

Pros: Uses landscape to attenuate
waves, provides habitat

Cons: Cost for earthwork, larger
ROW




Wetland/ shoreline vegetation

Pros: Habitat improvement and
flood reduction

Cons: Large ROW required

...Campbell

Giacomini Wetland Restoration, 2008



Tidal Wetlands and Eco Levees

Wave modeling
(1-D WHAFIS, 2-D SWAN)

o
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wave height / incident wave haight

WHAFIS & TRWL

WHAFIS & 81 WL

WHAFIS @ 5ft WL
VAN @ T fEWL
VAN & 8 it WL
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Dune Restoration & Beach Maintenance

Pros: Recreation and flood
reduction benefits

Cons: Costs for
replenishment




Engineered Bay Beach
Spring-Summer 2013 Aramburu Beach

Winter storm gravel and shell

berm persists Sand partially buries winter
storm berm

Sand beachface slope
accretes, steepens




Offshore structures

Concrete

San Clemente atrtificial reef experiment



Major Adaptation Strategies

p
Hard

_

p
Soft

\_

p

Infrastructure/
Lifestyle
"

J

* Flood/sea walls
e Levees/dikes

« High tide gates
* Rock Rip

» Wetlands creation/enhancement
* Engineered beaches shoreline
* T-zone creation

Elevate structures
Raise grades
Lifestyle adaptation
Zoning changes
Planned retreat
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2. ACCOMMODATE

] iy
New floodable Elevate buildings
development

New/elevate road




Pros: Effective for storm flooding
Elevate

Cons: Costs, not effective for

1Ll bu | Id | ngS permanent tidal flooding




Pros: Potential solution that

Floodable generates revenue

Cons: Impacts from more

development development — higher

density to pay for costs




Pros: Protects roads when

N eW/eIevate I’Oad designed correctly

--------------------------------------------------- Cons: Very high cost, ROW




3. RETREAT

]

Retreat

Post-storm
prohibitions

Rebuild here

Stricter land use zoning



@ Existing Development / Landuse

Pros: Lower costs if no buyout

Cons: Costs for buy-out and
community impacts, new
Infrastructure

'4— Coastal Erosion & Hazard Zone
P N
00000,

/Local scour reduced beach width

00

f:} Existing Development / Landuse
00aon

00

Coastal Erosion & Hazard Zone =’ Remove: infrastrucure

Natural dune | &= Restore active shore-bl = Remove rock
= Regrade slope

~.Natural beach\ = Nourish with sand
\K_
\‘_ "_’]L

.ﬁ Existing Development / Landuse
0pooo

200 00

"_ Coastal Erosion & Hazard Zone




Post Storm Restrictions and

5

Stricter Land Use Zoning

 No or restricted
rebuilding after
storms?

* Rolling easements

 Extra technical
studies

o Use of stricter codes
(FEMA V)




Richardson Bay Shoreline Study

Evaluation of Sea Level Rise Impacts

and Adaptation Alternatives

Roger Leventhal, P.E.
Senior Engineer

##*PUBLIC REVIEW DRAFT***
October 14, 2015***




Limit of Direct Coastal Flood
Barrier Alignments

» Evaluated several alignments to inhibit
direct coastal flooding (not a CIP design

list)
* Added up public versus private ROWs

» Added up costs for various hard versus
soft engineering adaptation alternatives
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Marin City to Coyote Creek
3 to 5 Foot Sea Level Rise - alighment 1

Pump Station
Existing
New

Highlightad Coastal
Barrier Alignmant
for 36 inch

added for 60 Inch
Herizontal Levee
Cceastal Barrier
Gate

Engineered
Beach Edge

Sea Level Rise
60 Inches

it (yﬁ‘\f\ o

)

Figure 40: Reach 1, Alignment 1. 36 and 60 Inch Sea Level Rise LDCF Alignment (60
Inch Sea Level Rise Extensions In Red).
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Pump Station
Existing

New

Highlighted Coastal
Barner Alignment

Hornizontal Levee
Coastal Barrner
Gate

Engineered
Beach Edge

Sea Level Rise
12 Inches
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Pump Station
Existing
New

Highlighted Coastal [
Barrer Alignment
for 36 inch

added for 60 Inch

Hornzontal Levee
Coastal Barrier

Gate

Engineered
Beach Edge

Sea Level Rise
60 Inches
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Coyote Creek — Bothin Marsh

Figure 44: Reach 2, Alignment 3. 36- and 60- Inch LDCF Alignments.

Existing
New

Highlighted Coastal |]
Barrier Alignment:
for 36 inch

added for 60 Inch
Herizental Levee
Ccastal Barrier
Gate

Engineered
Beach Edge
Sea Level Rise:
60 Inches
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Table 17. Reach 2, Coyote Creek-Bothin Marsh Barrier Lengths (36 Inch Sea Level Rise).

Length Public Length Private Total Length Number of

ROW (feet) ROW (feet) (feet) Hydraulic
Gate
Structures

Alignment 1

Alignment 2 —
protects bike
path

Requires
mitigation for
wetlands
impacts

Alignment 3 —

1 (major tide
high tide gate across
e mouth of
Coyote Creek)

barrier at creek
mouth




Existing

sea level rise
+5
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Horizontal Levee

Southern Marin Sea Level Rise Diagrams
Restoration Design Group 07.02.15




The costs of flood protection in the Bay Area

The costs of flood protection vary by strategy. Generally, seawalls and levees bring
additional costs, such as increasing erosion and removing habitat, while wetlands bring
numerous additional benefits, including enhancing habitat and sequestering carbon.

Type of protection Range of costs from Bay Area projects Maintenance costs
(in year 2000 dollars)

New levee $725-%2,228 per linear foot 10% annually

Raised/upgraded levee $223-%1,085 per linear foot 10% annually

New seawall $2,646-%6,173 per linear foot 1-4% annually

Restored tidal marsh $5,000-%200,000 per acre Lunknown




Table 36. Unit Capital Costs for 12 Inch Sea Level Rise Alternatives.

Adaptation Option

MASTER
COSTS for
12-INCH SLR

low
estimate

flood/sea walls — good
foundation soils (per foat)

150

300

based on published unit costs - not adjusted for
actual wall height

floodisea walls — poor
foundation soils (per foot)

3 200

3 500

based on published unit costs - not adjusted for
actual wall height

berms and levees — good
foundation soils (per foot)

3 150

$ 200

based on published costs

berms and levees — poor
foundation soils (per foot)

$ 180

5 250

based on published costs

new or expanded pump stations
(each)

$ 500,000

$1,100,000

based on engineering experience

rock rip-rap (per foot)

3 80

3 100

based on published costs

wetlands enhancement (acre)

$ 50,000

$ 80,000

assumed costs based on engineering experience
and SFBJV datbase of wetland projects

horizontal levee to attenuate
waves (per foot)

3 350

3 500

see horizontal levee worksheet for assumptions

small culvert gate structures
(each)

$ 400,000

$ 800,000

tide gate structures at small creek mouths -
assumed costs based on engineering experience

tidal barrier structures at small
creek mouth (each)

$1,000,000

$2,000,000

guesstimated assumed cost

natural beach enhancements at
the shoreline edge (per foot)

t] 100

3 150

assumed costs based on engineering experience
at Aramburu

Note: Low end and high unit cost estimates are approximate for study comparison purposes and

rnot based on site-specific design svaluations.




Retreat/Relocation not specifically
evaluated

Study protects the
built edge

Not possible for
DPW to “retreat”
areas

Needs to be a result
of planning efforts

Always an
alternative

69



| 170




N AT 11 UYUAN, { K6 s

RE oF SEAALLG 5o ST M)

S Letlis ag 't
LS SRADE 5
FeT0F Lo P 1)

o Vi

P U“‘V ToAl (V)N

Pihee s ¢+ prma
REotop e o A M

B leag

Ry e

T Mlamrvove s of

’[j'v'k’(, CF Uf
FEM »Fies
Floaon

FANT o

» L1 N 3/ 4
SATES s T 47

% sTRATE &I %
¥ 15 MO an
BVELAPmENT N

ﬁl-’.E S ADE ¢ (T

EOETEATTIN B <
A1
b PE
Y LR

o P vERy

eREpa
MP S rATIONS

LIParRT 7
RETNGAT 717 «




72






©RIg LD ynebemas

i vones 59 4uogo) paqess ;\ ainioyly — AN é fewpeoy AN peneny @ Amin E vopes 44 u Dzmme
—
aincy (A e x-n:::..sa:‘ puey b Ao s s ooy Buryieg reudson
uenenxn] \ge = A g 5 1005

- - Pt
i B o @ e [ N = o

L]
Beach Maintenance

LE

Offshore Structure

$$4

out Usland

Wetland/shoreline

Horizontal Levee
ssssil@
sssi@le

sssss |GGG 10
gn;']&é\émdaiﬁnon

-

Traditional Levee
ssss| G@G 0

Elevate/New Road
—— e GE0 e

L]
Accommodate Water

L]
Floodable Buildings
551 B@@

Elevate Buildings

$38)
555!

L.}

o
Stricter land use zoning
L}

)

ERODING CLIFFS

Post storm peohibitions

sl

0= X
A e D

Sea lewels are miing world-wide &) warming ocesn expand and melt glaciers and ice sheets 3 o X Som. No needto Sea Lovel Fise 2050 Sconario Key
Stronger storms coupled with sising seas can signifcantly damage - even destroy- e ts, and pros and cons
reberred adagtarion steateges on or RED AREA = Permanent Sea Level Rise Flcoding
= Temporary Arpusl Storm Flooding
~Temporary 100-Weat $10im Fooding

To begin, one player readh the s level
1 Rolethe d 10 determine who goes first. The highest rofl goes first. If a tie occurs, the tesd
plapers must re-roll, Playee s take turms in clockwive cedes.

&
O
O
=]
Lo
Lt
O
L&]
>
-
O
]
. -
=
4

worksheet o taka notes.




Communities of North Bay Island

Downtown Zappa
Eroding CIiff Heights
Mudflat Manors
Desolation Road
Shoreline Marina
Twig Cove
Seaspray Homes
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Costs $$%

Game & Fwsdlazm Quland

Hard (Traditional) Engineering

many factors
+ planning & engineering
+ permitting

+ maintenance & repair

Flood wall & pump
station

Real World — costs are
messy and depend on e || e

Seawall/Revetmen

Game World — costs are
simpler one-time costs

and given to you per unit  [JE=E I IR
(I.e. mile or # of buildings

“Horizontal” Levee

Uses and Notes

Protects against temporary
flooding, storm surge and
some sea level rise.
Can increase wave run-
up and overtopping
In high wave energy
environment on coast,
need to armor levee
slope.

Protects against erosion.

« Can increase wave run-
up and overtopping.

« Increase erosion in
adjacent areas.

Protects against temporary

flooding, storm surge and

some sea level rise.

¢ High environmental
impacts to hydrology.

* Viable in sheltered
estuaries and lagoons.

Protects against temporary

flooding, storm surge and

some sea level rise

¢ Can increase wave run-
up and overtopping

* Require electricity and
maintenance

Protects against
temporary flooding, storm
surge, some sea level
rise, and wave impacts.
¢ Viable in sheltered
estuaries and lagoons.
Protects against
temporary flooding, storm
surge, and wave impacts.
¢ Viable in sheltered
estuaries and lagoons.

Protects against temporary

flooding and storm surge

« Even nourished beaches
can erode and expose
infrastructure to wave
damage.




The Game

Divide the island into two halves — one per
team

Look at each community in your half of the
Island

Start adapting — place adaptation icons
where your team feels appropriate — discuss
and debate

Add up the “costs”
Review insights and lessons learned
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Thank You

Visit for more=ififormation

ROGER LEVENTHAL
SENIOR ENGINEER

415.473.3249

CHRIS CHOO
SENIOR PLANNER

415.473.7586

Novato Creek at Highway 101. Credit: Marin County. staff

North Bay Watershed Association

Marin Sea Level Rise Planning

Dec. 5, 2015 | wwwwmarinslr.org
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