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A FEW YEARS AGO...

e All I knew was that...
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THEN 1 MET THESE GUYS...

Nick Bouwes Michael Pollock
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PROCESS OF CHANNEL INCISION
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BEAVER DAMS JUST DON'T LAST IN BRIDGE
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BRIDGE CREEK DAM PERSISTENCE

1988 - 2005
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IN POLLOCK ET AL (2007) ARGUED...
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channel with adjacent reaches where no dams existed. We found that there was five times

more area within 0-5 m elevation of the channel upstream of beaver dams, presumably

hecause sediment accumulation had aggraded the channel. Qur results suggest that restora-

tion strategies that encourage the recolonization of streams by beaver can rapidly expand

riparian habitat along incised streams. Copyright © 2007 John Wiley & Sons, Ltd.
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Geomorphic changes upstream of beaver dams in
Bridge Creek, an incised stream channel in the
interior Columbia River basin, eastern Oregon
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SO HELP ‘EM OUT... BUY THEM RSS*S TIME

OVERARCHING HYPOTHESIS

e At Watershed Scale:

— We can concentrate enough restoration activity within
a single watershed such that there is a measureable
population-level change in the steelhead that utilize
the system

e At Reach Scale:

— These physical changes will result in several positive
feedback loops that will result in improved habitat
conditions for beaver that in turn will lead to the
construction of more beaver dams...
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BEAVER DAM FEEDBACK LOOPS...

More Persistent
Beaver Colonies

Sustainable Food
& Dam Building
Material Supply

Lower Temperatures
Localized Upwelling
Increased Low Flows

Increased
Habitat
Heterogenity

DESIGN CONCEPT

A
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System-wide Disturbance(s)
Leading to Degradation
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Switching Between
Alternative ‘Stable’ States
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Historic, Reach
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. Restoration
7 Dynamic Interventions (BDS)
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States (e.g. dam complex,
undammed, beaver meadow)
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BASIC DESIGN CONCEPTS...

e Structures placed at frequency to capitalize on all
opportunities to promote aggradation and
floodplain reconnection through time

e Overseed reaches (relative to current population)

e Structure work in concert with each other to
— Avoid overly abrupt gradient drops
— Resilience of reach/colony; demphasizes importance of
any single structure
e Designed to be dynamic (posts will break down
eventually)

e Sediment supply is fundamental
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WHERE TO PUT POSTS?
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STRUCTURE SITING — PATS & SUNFLOWER

00 200 5500 715500

718200 715300

180
Bridge Creek - Pats Cabin Beaver Dam Support Structures

1155300

010 20 30 40 50 Maters

714800 714300 710000 714700 714000

SUMMARY

e 84 Structures installed
in four reaches in 2009

— 5 Reinforced existing
dams

— 4 Reinforced abandon
dams

— 10 Starter Dams

— 44 Post lines with Wicker
Weaves

— 21 Post lines only

ICRRR
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BRIDGE CREEK MONITORING

I. Hypothesis Testing at Reach Scale
Il. Hypothesis Testing at Structure Scale
1. What we still don’t know

e Pre-Project beaver monitoring (Since 1988)
e Pre-Project baseline monitoring (Since 2005)
e Post-Project monitoring (planned for 10+ years)

UNDERLYING RESEARCH QUESTIONS?

e Can it work? Can beaver really ‘restore’ an
incised channel and reconnect it with its
floodplain?

e What will be the impact on fish?
e How long will it take?
e How long might it last?

 If the beaver (or their dams) fail or abandon,
are all the presumed benefits of damming lost?

17



WHAT WE'RE DOING TO ADDRESS THESE
QUESTIONS...

e 4 Treatments & 6 Controls
(25 km)

e Slough of things...
— BDSS Monitoring
— Repeat Aerial Surveys
— Repeat Topographic Surveys
— Beaver Monitoring
— Fish Habitat Surveys

— Fish growth, survival &
movement

— Fish diets

BDSS INVENTORY & MONITORING
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HIGH RESOLUTION IMAGERY

Lower Owens Study Reach
Bridge Creek, Oregon
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DRONE IMAGERY
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DRONE IMAGERY VEGETATION CLASSIFICATION

Legend

I vow
B vz
I cotonwooamviiow
I sagebrush

[ | crassesmemaceous
[ soiucrass

[ Baregrouna

¥ | I snacow

REPEAT TOPOGRAPHY

21



GEOMORPHIC CHANGE DETECTION

e What can we do with
that repeat
topography?

NEW DEM

e Develop a direct
measure of channel
aggradation and
floodplain reconnection

-OLD DEM

=DoD

A .
bour 4

Morphological Sediment Budget:

o AV
by Qbour_ At

Bedload Flux Difference  Change in
storage

AVpop = zVDeposition -z

- gow pirection

V

Erosion

Digital Efevation Model (DEM)

Bar Development

Floodplain

0ld main channel

(6 Change inm)
ras

DEM of Difference (DoD)

DoD Elevation Change Distribution

Change in Storage
Volume (m?)

Elevation Change (m)
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ANALYSIS DONE IN GCD 5

Geomorphic

e GCD 5 facilitates: N ok

ge Detection (GCD) - X
GCD Analysis~ Customize~ Help~

— Robustly estimate errors in DEMs

— Determine significance of uncertainty
on DoD & Sediment Budget

— Calculate change in storage
sediment budgets (with +/- vol.)

— Quantitatively interpret and spatially
segregate budget
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LETS LOOK AT ONE TREATMENT

Pat’s Cabin Reach

e Can it work? Can beaver really ‘restore’
an incised channel and reconnect it
with its floodplain?

* What will be the impact on fish?
* How long will it take?

SUNFLOWER: BDSS PLACEMENT

71480 7x0 714600 7100 14300 o

Trasn

Bridge Croek - Sunflower Reach i

Boaver Dam Starter Structuros Installed in 2009 SRS, o Bridge Crock -Sunflowar Roach
Boaver Dam Structuro 81
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GEOMORPHIC CHANGE DETECTION

e What can we do with
that repeat
topography?

NEW DEM

e Develop a direct
measure of channel
aggradation and
floodplain reconnection

-OLD DEM

=DoD

A .
bour 4

Morphological Sediment Budget:

o AV
by Qbour_ At

Bedload Flux Difference  Change in
storage

AVpop = zVDeposition -z

- gow pirection

V

Erosion
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ANALYSIS DONE IN GCD 5

Geomorphic

e GCD 5 facilitates: N ok

ge Detection (GCD) - X
GCD Analysis~ Customize~ Help~

— Robustly estimate errors in DEMs

— Determine significance of uncertainty
on DoD & Sediment Budget

— Calculate change in storage
sediment budgets (with +/- vol.)

— Quantitatively interpret and spatially
segregate budget
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LETS LOOK AT ONE TREATMENT

Pat’s Cabin Reach

e Can it work? Can beaver really ‘restore’
an incised channel and reconnect it
with its floodplain?

* What will be the impact on fish?
* How long will it take?

Sterrr

STARTER DAM OCCUPIED...
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ANOTHER STARTER DAM OCCUPIED

Enough aggradation and dam activity @ secondary dam

to force flow onto floodplain even at moderate flows.
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STARTER DAM UPSTREAM OF FAILED DAM

¢ Prior to project there was
one abandon, breached dam
in this reach...

¢ One year later, there are

eleven (15 BDSS) with 2-4

active colonies

BRIDGE CREEK FLOWS...

E x>

250 | Gage
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2010-2009 2011-2010

I
magery Topo Survey Topa Survey
(No Gage Data;

Topo Survey

& lmaTry Imagery

Date (month-year]

BDSS INSTALLED (Sept. 2009)
e Limited gage record (USGS: 14046778)
e Spring snow-melt dominated hydrograph
» 15t Year above average; 2" Year sustained high

. ICRRR
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1st YEAR (2010-2009): OVERALL DoD

DoD (€I, Change in m)

T [
Attribute | Raw | Thresholded DoD Estimate: ’ ¥ I W 2010
AREAL: :
Total Area of Erosion (m?) | 15,383] 461
Total Area of Deposition (m?) | 178,117 1,151
TError
VOLUMETRIC: Volume  %Error
Total Volume of Erosion (m?) 2,035 260 + 83 32%
Total Volume of Deposition (m?) 3,485 967 + 300 31%
Total Volume of Difference (m?) 5,520 1,227 + 383 31%
Total Net Volume Difference (m?) 1,450 707 + 311 44%
PERCENTAGES (BY VOLUME)
Percent Erosion 37% 21%)
Percent Deposition 63% 79%
Percent Imbalance (departure from 13%)| 29%)
equilibrium)

Erosion: 169 m3 +/- 54

Deposition: 176 m?3 +/- 58
NET: + 7 m3 (+/- 79)
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1st YEAR (2010-2009): BY MECHANISMS

Mechanisms of In-Channel Change

122,39%

mBDSS Pond Deposit
Lateral Bar Development
m Central Bar DS BDSS
» Side Channel Deposition
67,21% m Bank Erosion
m Scour Pool DS BDSS
High Flow Scour Channel
® Bar Forced Pool Scour

Evacuation Pond Sediments
12,4%

Geomorphic Interpretation High Flow Scour Channel l

Floodplain Deposition I Bar Forced Pool Scour
# Il 5055 Pond Deposit Channel Widening
I central Bar DS BOSS I scour Pool DS BDSS
I channel Aggradation I Toe Deposit & Bank Erosion

Lateral Bar Development [l Headcut
Side Channel Depositon [l Bank Erosion

Evacuation Pond Sediments

| N S —
0 2 0 © 8B 100Mden |

uestionable

0 DaD (El. Change in m)

Attribute | Raw | Thresholded DoD Estimate:

AREAL:

Total Area of Erosion (m?) | 14626]  1,582]

Total Area of Deposition (m?) | 178874] 1,872

+Error

VOLUMETRIC: Volume  3Error

Total Volume of Erosion {m?) 3,468] 1,281 + 362 28%

Total Volume of Deposition (m®) 2,715 808 + 208 26%

Total Volume of Difference (m*) 6,183 2,083 + 570 27%

Total Net Volume Difference (mf) -752] -473 1 418 -88%

PERCENTAGES (BY VOLUME)

Percent Erasion 56% 61%
Percent Deposition 44% 39%
Percent Imbalance (dsparturs from -6% -11% :

Erosion: 512 m3 +/- 143

Deposition: 927 m3 +/- 241
NET: + 415 m3 (+/- 280)

40 60 B0 100 Meters

29



2nd YEAR (2011-2010): BY COMPLEX
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Dam Complex
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2nd YEAR (2011-2010)

: BY MECHANISMS

Mechanisms of In-Channel Change

W BDSS Pond Deposit
Lateral Bar Development
# Floodplain Deposition
® Central Bar DS BDSS
mSide Channel Deposition
m Bank Erosion
mScour Pool DS BDSS
High Flow Scour Channel
= Bar Forced Pool Scour

u Channel Widening
W Headcut

Geomorphic Interpretation

Floodplain Deposition
. Bl =055 Pond Deposit
- B cental Bar DS BDSS
- I channel Aggradation

Lateral Bar Development
Side Channel Deposition
Pond

Evacuation Pond Sediments

High Flow Scour Channel ‘

| Bar Forced Pool Scour
Channel Widening

I Scour Pool DS BDSS

I Toe Deposit & Bank Erosion

B Heaccut

- Bank Erosion

P

| A N R |
0 2 4 & B 100HMeers |
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WHAT WE TAKE AWAY FROM PATS CABIN...

e 1styear budget indeterminant
or equilibrium
Erosion: 169 m3 +/- 54 e 2nd year budget strong
Deposition: 176 m*® +-58  depositional signal despite
NET: + 7 m3 (+/- 79) .
major headcuts & breaches
e Longitudinal patterns highlight
role of local supply

e BDSS Pond aggradation rapid
and consistent

e Many former terraces are now
inset floodplains

Erosion: 512 m3 +/- 143 . . |
Deposition: 927 m3 +/- 241 * Ifit works, its cheap!

 Beaver do the maintenance!

NET: + 415 m?3 (+/- 280)

A
MCRRR df e

ELSEWHERE... WE SEE SIMILAR RESULTS

e 84 Structures installed
in four reaches (in
2009); Now 110

— 5 Reinforced existing
dams

— 4 Reinforced abandon
dams

— 10 Starter Dams ' 3

— 44 Post lines with = sl g e R
Wicker Weaves

— 21 Post lines only

HCRRR
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BDSS PERSISTENCE

Blow Out

Izt

From Nick Weber

NEXT LETS LOOK AT ‘FAILURES’...

Upper Owens & Boundary

e |If the beaver (or their dams) fail or
abandon, are all the presumed
benefits of damming lost?

When a dam fails, what happens
to the pond deposit that was
reconnecting the floodplain?

MCRRR il niversi
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ROLE OF ABANDONMENT & FAILURE

© Welsh & Wheaton

i What happens n Partial
pOSt dam Re-colnnizat\\
failure? (ommoonmarr)

Colonization

* Actiy
Repair or ~CAUSE~ f » ~cipse~
Re-Colgnization /
I Un-colonized ‘ “
site ABANDONMENT Complex
Permanent/ S

Repair or
Re-Colonization

A ¢
Aggradation &

Vegetation Encroachment

~CAUSE~

e What if
abandonment is
permanent?

IV Beaver

Typical Causes of Abandonment

*Causes with potential for repair or later recolonization by same individual(s)

Permanent

* Seasonal Migration (temporary) . Dam Breach/ Failure (perm en antor temporary) +Permanent Migration (permanent)

*Exhaustion of Food/Building “Trapping (human; permanent)
Materials (permanent or temporary)

-Mortality (natural; permanent)

«Decreased Functionality (e.g. pond aggradation;
permanent or temporary)

«Predation (natural: permanent or temporary)

UPPER OWENS

Sricge Croek - Upper Oners Reach [ S
Aol 2012 - Dreme Aerici imasery - Post Do Failure

Figure 10: Progression of reach at upper Owens through a period without a dam (A; 2005), with an
active, partially breached dam (B; Nov 2009), to an abandon, partially breached dam (C; April 2010).

7

Beawer Activity or Restoration, Beaver Dam Beaver Dam Dam Partially
Intervention @ Upper Owens Site Constructed Reinforced® Breached & Abandon
Monitoring
Activities @ Upper Owens Airborne LiDaR Topo Survey Topo Survey Ccnl‘mu‘ed
& Imagery Imagery Menitoring
Ce ish Mig / Regular Spawning Surveys / Annual Habitat & Beaver Surveys

AN

WA UtahState
T~ University

S iC‘HE{R
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CAPTURED THE POST FAILURE RESPONSE

= =

Legend

DEM of Difference 011000
Elevation Change (m) [ ] asta0s

[ oseos g erns
Eows o
Eeowor s
o [ a0

Bridge Creek - Upper Owens Reach 1216 20 Meters

s
‘Bridge Craek - Uppar G Reach DEM of Difference Thresholded @ 95% CI; May and November 2009 (Post Dam Failure)
3009 B Eorth OEM - P Dam Falure

ICRRR

MORE INTERESTING....

Volumetric % of Total Change

Legend
ensn
| Geomorphic Interpretation Pr——
1 ‘esorts
I exd Cut incision e Devlapmert
Evacuation of Pond Deposits -
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Bridge Creek - Upper Owens Reach 5 o
Geomorphic Interpretation of Changes Between May and November 2009 (Post oy Failure)
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ROLE OF ABANDONMENT & FAILURE?

© Welsh & Wheaton

[ J What happens Permanentm
pOSt dam eﬁe-‘cfﬁ-loization\

. [|§ Pemmed .’g,: - (ABANDONMENT
failure? ./ A Worenewa ®
olonization ’ . action
\Ctivity

f ~CAUSE~
Repair or ~CAUSE~
Re-Colonization 4 W&
I Un-colonized " I Dam
Site Complex

sPermanent

"
\

Repair or

Re-Colonization ~CAUSE~

- What if i

abandonment is (Y] 2ever
permanent? B Aogadationa™™

Vegetation Encroachment

' \

Typical Causes of Abandonment

*Causes with potential for repair or later recolonization by same individual(s) Parmanant

In both instances, the short term (one year)
response is that of net aggradation & a net
increase in channel complexity over time

DYNAMICS MATTER!

Hierarchical Juxtaposition of functionally different
scale A segments modifies network-scale
~processes, warking as bottom-up
processes. Segments vary over
River space and time.
network
10°m
10° 10 10°
years N
Free flowin: Beaver impoundment Beaver meadow
Perennial Terica Perennial
surface water Scour zone (infrequently N -
(saturated)
saturated) (saturated)
mmuz Floodplain
10° m Uirequently
102 10 104 | | saturated) =
years \
4 Alluvium, Colluvium? tll / old
Alluvium - oxidizing Colluvium /1ill/ old alluivum vadixing s
Floodplain vegetation  cpannel Emergent Channel. Channel

vegetation Vegetated bed " coarsening bed

Reach
10'm
o ‘\
10" to 102 St
years ~ e - ]| Organic.
Ongs o ‘oxidizing
reducing
Al Alluvium / till /
N colluvium, reducing
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BEAVER USE

SIDE NOTE: THEY'LL BUILD WHERE

THEY DAM WELL PLEASE

e Posts go in Sept 2009

e Beaver ignore posts and build their
own dam 10 m downstream by Nov

2009

e By Nov 2010, their dam has
completely aggraded, then they
build on BDS 19

‘Boavar Dam Structure 17
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SIDE NOTE: THEY’LL BUILD WHERE
THEY DAM WELL PLEASE

Bridge Crook - Lowor Owons Roach
Boavor Dam Structure 33

SIDE NOTE: THEY’LL BUILD WHERE THEY DAM
WELL Pl EASE

e it
Bridgo Crook - Pat's Cabin Roach rrrer




THERMAL SITES

©  Beaver Influenced
#® Control

/.

‘}m’kfi--;'

s )

4y "
7

METHODS: TEMPERATURE SENSORS

® Temperature Sensor

S JE o

“ScrRRR
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METHODS: TEMPERATURE PROBE

e Attached temperature
probe to rtkGPS

« Allowed for high resolution
mapping of temperature at
snapshot in time

THERMAL HETEROGENEITY

Zi/\/\//\//\/\

Temperature ()
B

A

-hl UtahState
ties University
i

ATHRSMER SOENSES. ol
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DIGITAL TEMPERATURE MODEL

Temperature (C)
Bl os0-1975

I 19.75-20.00

I z0.00-20.25 B d

] ozs- .

— P oundary:

[ J2075-2100

l:zwu-zws ContrOI ReaCh
I 21.25-21.50
-2150 2175

Maximum Temp =

22.25C
Minimum Temp =
i 19.50 C
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TEMPERATURE FREQUENCIES:

AUGUST 13-21, 2012
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POOL HABITAT ABUNDANCE
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mJUVENILE STEELHEAD HABITAT PREFERENCE
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m JUVENILE STEELHEAD GROWTH
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SOME PRELIMINARY CONCLUSIONS

e Rapid colonization of BDSS after installation

e Rapid response working with beaver to restore
incised channel & reconnect with floodplain in
the right direction.... Will it last?

e Dramatic improvements in habitat complexity
e Too early for fish population response
e Treatment is cheap...
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STRUCTURE SITING — MEYERS CAMP
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YOUR TURN

DESIGN EXCERCISE - Boundary Reach » Choose BDSS types:
- PLWW

— PL Only
— Starter Dam

— Reinforce Existing
Dam

» Place them on map

» Draw orientation of
posts

» Set crest elevation

» Diagram hypothesized
response

» Draw detail (optional)

Flow direction is up the page (NW})
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YOUR TURN
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,] E o O o) | LipaR 25 cm Contours
. Elevation (m)
) 540.25 - 545.00
545.01 - 550.00
550.01 - 555.00
555.01 - 560.00
560.01 - 565.00
565.01-570.00
Landforms
Geomaorphic
Floodway

In Channel

Upper Terrace or Upland

f T T T T 1 Instructions:
1. Use different symbols to place different BDSS types.
2. Identify location, crest elevation and inundation extents for each structure.
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