.‘\Calerpmar Island
/

,CO,,,S Project Background

of Engineerse

A . Re&foraﬂo area Geametty (Wo pmje) Geometry (w/ project)
* Joint project between :

Washington Department
of Fish and Wildlife and
Bonneville Power
Administration—NWP
did RAS 2D analysis, HEC
assisted with EFM work

¢ Increase salmon habitat
through reconnecting
wetlands to Columbia
and Lake Rivers

* Removal of
embankments, levee
breaches, culvert
removal

* How much habitat will
be created?
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US Army Corps
of Engineerse

Modeling Strategy

Flow Regime

Flow Regime

4

4

Stage/Suitability
Relationships

Stage/Suitability
Relationships

% Time % Time
Exceedance Exceedance
Acres of Habitat Acres of Habitat

HDF files from
2D RAS analysis

Ecological Information
from WA and LCREP

HEC-RAS

Videos

L4.5/161/Hickey



L4.5/161/Hickey

Software: Use of 2D river hydraulics

= Al
Salmon_HSI

% of Max Habitat
I 0.00001 - 10.00000
[ 10.00001 - 20.00000
199 20.00001 - 30.00000

30.00001 - 40.00000
I 40.00001 - 53.02664

e i Challenges
of Engineerse
e e S|
- o oo = ]
TS “®. Buekmire Hab Mapping - Vg Sens 0.5in - 3015-12-03efm - HEC-EFM I
T — Challenges
P —
data sefs wére andlyzed. = Model information
e e - ol Haat Hagong Vegesir) * Out of memory
Reverse Look-ups - Aathor 3108 .
Flow Duration Lossion: + Compute time
puas - "
e ey + Writing results
o g -2 s Hiceim = . :
Coterplard 0 EFandmmC.Ww:‘q\;m\D;: - Hab . S|ng|e instance
Colot ol e Petoming il
G2 D opitg Compita 1565 « Priority setting
S : o okt e fow st o0} )
Gl ] — * Stacked input
Compiors .
G 7 f + Many input types
Coterpilars o =] HornEde | LomerCokambiaGRY o P
oty . & o + Re-processing input
— ! ropertes |Reltorships | ates | Combo Reatorshios + Hardware limitations
Caterpilar13. 100 [Reading from time series record ‘Caterpilar-1565° Recaluiate
Gttt o]
s o Restoration area Geometry (w/o project) Vegetation (w/o project)
Copiris o
Comiorts e
Caterpillor-20 [}
Gt 3
oo :
ey D
ot st ;
Gt i |
oo o
gl
i 38 3
Gt o]
oo
Gty o
Caterpillar-32 100/
oo gE50w
T )
Cutiprs o
CarT—e™ |
s
| —— T
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Results: Salmon

US Army Corps
of Engineerse

Alt1 - SalmonHS! Alt2 - SalmonHs! It ¥ AN - SalmonHSI

. ovoers - . oo

I -2 0ars I 0-200ars
2-300ays . 200
40 days 4 040 days.

,CO,,,S Results: Waterfowl

of Engineerse

= =1 = 7 = =
v ‘ I %
Alt1 - Waterfowl | - | Alt3 - Waterfowl
B 010 0eys N -
B 1020 cays p 20 days s
2030 days 4 | £ - 230 8ays
3040 days i 40 days ) 040083y
I 4050 days 4 ’ ; I A : ; I 050 00ys
I 5060 days £ - Y. { I 5060 days
I 5070 cays. A - £ I G070 cays
. o e Y 5 o 4oy ¥ L . 7 cas




US Army Corps
of Engineerse

Results: Vegetation

,CO,,,S Results: Vegetation

of Engineerse

Buckmire EFM Results
Comparison of Alternatives-Vegetation

u Alternative 1 Alternative 2 W Alternative 3

250.00

200.00

150.00

HABIITAT (ACRES)

100.00

50.00
77.46 72.64 B2 64.95

Wet Emergent Shrub Riparian

*Dry results: Alternative 1=539.13 acres, Alternative 2=525.34 acres, Alternative 3=490.91 acres
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US Army Corps
of Engineerse

Starting Points - Eco and Hydro

[y
[y

I /CAMPBELL SLOUGH /WL ELEV NAVDSS/STAGE/OLUL20fS R-MONTHIRMT/ =le [ /CAMPBELL SLOUGH/WL ELEV NAVDBS/STAGE/01JUL2008/IHOUR/GMT - FLLED - Lo =) [ |
[Fie Bt view 1ilp 53 [Fie Bt view 1ilp
12 6.
o0 Removed expased
1000 ,
d o sensors, filled g few
hours. Data|lopk good.
apm0 : 5o
Data straight
B from g
€ aomw | | g
H spreadsheet £
apm0 a5
;
50
2000
25N
oM b
soe | amo | oot | ooz | oons oos | 2o 2011 oz | 2o
[ wietev vavoss cwrorace [ wietev navoss o7 FLLED - cLeaEDSTAGE
i CAVPBELL SLOUGHIWL ELEV NAVORS STAGE DLULZ/E8 HOUR/ G/ Bl ) I /CAMPBELL SLOUGH/WL ELEV NAVDBS/STAGE/DUIUL2008/1HOUR/GMT - FLLED - . Lo [ [ |
[Fie Bt view 1ilp bs [Fie_Edw view i
@l 12 .
= ‘ 251 Hourly record used to get daily max, m¢
10,001 J D.
Exposed sensors} s 2
al use
apm0 o N
Some missing E ol
- .
E m L hourly data.
2 201
apm0 261
‘9‘10‘11‘12‘13‘14‘15‘15‘
2000 Juizotg
K
L ELE NAYDS9 GMT FLLED - cLEANED STAGE
oL L ELEW D5 T - LLED - CLEANED STACE ik
o) i i 2z g | WL ELEW NAVDSE GMT - FILLED - CLEANED STAGE-MEAN
e o crsace L ELEw a3 T -LLED - CLEAMED STACE RN Y

12
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9~ Veg Data Organizing - 2015-04-20.is - Microsoft Excel [
=% Home | mmset  pagelsmout  Fomuss  Dsta  Review  View  Developer  Approvelt  Acobat @ - o x
(i :‘a::y Guamona -1 - (& | 3 Swiap et himhs 2 4 Nomal222  Nomal CE_ el @ %:;xisumv ﬂ a |
P ot BT 5 e R [ e | < Eie N
Gigbosd___© Fort 5 AR o) s stes cas ating
£ - @ £ | =E8/3.081 =
[ Ao | B ] c | D e o6 g o1 3 I x [ 1 M N [ o P | @
o E i 1= L - ! » 7 {
19 NAVDSS (m) - converted
20|
21 Season Open Water to Emergent | Emergent to Shrub Scrub Shrub Scrub to Riparian Riparian to Upland
22| Year | Start | End Min | Ave | Max | Min | Ave | Max | Min Ave | Max | Min | Ave | Max
23 nohydro | 2008  3/16]  7/21] 2392] 2655 3.165| 2737 3034] 3380 3.404] 3662] 3.924/nodata |nodata |no data |
|24 2000  3/16|  7/27] 2591) 2800] 3.037| 2937| 3171 3.492| 3.587| 3.932| 4.108|blank |blank |blank |
25 2010|  3/16|  7/26| 2538) 2685 2902| 2791 3.043| 3384 3761| 3913| 4016|blank |blank |blank
26 2011|  3/16|Puse8/1| 2469 2715| 3.087| 2.653| 2861 3.107| 3.409| 3.422| 3.439|blank |blank [blank
27 2012|  3/16]  8/10| 2556 2738] 2997| 2842 3136 3.484] 3.600| 3.606| 3.613|blank |blank |blank
E‘ 2013|  3/16/use8/1| 2549 2708] 2927| 3.098| 3.188| 3.284] 3.611] 3771 3973 3.973] 3973 3973
|29 2014|  3/16]  7/18| @ 2543]  3.201| 4.607] 3.138] 3.953| 4.533] 4.546| 4770| 5.008|blank |blank |blank
30|
31 Actually use 7/17 to avoid end of hydro data.
32| Actually use 7/29 to avoid missing data, 30-31JUL2011.
33
34|
35
36
37] reed canary grass Copy-paste-values from 2008, 04-16-2015. Copy-paste-valt
38 PHAR- reed NAVD 88 (ft)
39| min 9.48819 NAVDSS ft
) Correltons | Used in EFM 2008 000 /7010 2011- DAL data 7012~ 2013 PN dsta 2014 " Statstical Resuls for I m St
Ready | P | Average: 2541 Count:6  Mim 2469 Max 2591 Sum:15245 || /0 I Sy &
13
“® (51 - 2015-04-17.efm - HEC-EFM (=[] = ]
File Edit Plot Help
- Ostions
‘e €51 -2015-04-17.efm - HEC-EFM Relationship name: [OpenWatarto Emergent - Min '] ] Wit s Ty

D

File Edit Plot Help

Flow regimes paired time series of flow and stage)

7] Hypothesis tracking - increased % Xvill

Modelinformation = O [ Guve | ecohedin
[ [7] Confidence tracking
Title: Vegetation Analysis - Campbell Slou; > : 2 S
A ndx | 18 O
Auther - | Index
e Statistical queries Geographical queries Other queries (nonstandard)
Description: Using mezsured slevations of vegetd [ 1
stage time series =
From 0316 (mid)
EFM model pathname: C Wsers\aBhecith\Documerts' Hick] To  0DB  (md)
20150417 efm =
Durstionof 1 days

Handle out of range with 0 or 100

Ref | Active Identifier Filename
[m] C51 - NAVDSS - 2009 |Campbell Slough. dss '43. Value per Flow Regime u |
[m] <1 navDss - 2010 Campbel Slough.dss 1
a CS1 - NAVDSS - 2011 |Campbell Slough. dss Show active only
a CS1 - NAVDES - 2012 Campbell Slough.dss " - —
= ST Active|  FlowRegime Value, m [ ok |
€51 -NAVDSS - 2009 2.5509)
[m] C51 - NAVDSS - 2014 | Campbell Slough. dss e oo | ooy ‘
CS1-NAVDSS - 2011 2.4585|
€51 -NAVDSS - 2012 2.5556|
e €51 -NAVDSS - 2013 2.5489)|
12009 | Individual water year €S1-NAVDSS - 2014 2.5429]

7] Relstionship-defined wateryear

Properties | Relationships | Tables | Combo Relationships
Recalculate

Properties | Relationships | Tables | Combo Relationships

Recalculate

14
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& C51-2015-08 17 it HEC £FM Ploir 11 ==
sonioriron O
Flow Regime. 6.
[T — a These sets seem to 2011 2011 and 2012 stages are higher than others.
Relationshp 60
Open i o Emergenc = hang together 2012
- 5.5
@ Custom Plots. Separately 2010
[rrrorr— o
[ Refiesh ) = 2014 2014 has a narrower range of stage values.
A=
Dvewresistos[smmn] || 8 2009
e & 40 2013
35
30
2.5
20 T T T T T T T T
0.9999 0.9900 0.9000 0.5000 0.1000 0.0100 0.0010 . .
Red values of 100 and 0 indicate that
~NAVDSS - 2009/EMERGENT TO SHRUB | H 1
e | the corresponding observed vegetation
7] —— /cS1 - NAVDSS - 2011/EMERGENT TO SHRUB| i H ithi
oot o e TSRS | oo elevation did not fall within range of
] —— /CS1 - NAVDSS - 2013/EMERGENT TO SHRUB
) cs1-naipss - o1smmerca Toss | 5 observed stages for that year.
[7]— [C51-NAVDSS - 2005/EVERGENT T0 ShRUB |6
B es-towoen. o niencovrro a0 M 100 means always submerged.
@l CS1-NAVDSS - 2011/EMERGENT TO SHRUB
[ fcs1-naoss - mamveReTTosRus| | 25 0 means always dry.
7] —— fcs1-NavDss TO SHRUB T T 1
01— st -navoss - 14T TO S w I ww I mu I ome & me T e
= == A = All values for 2009, 2010, and 2013 veg
elevations were in range.
Reverse Look-ups - Flow Duration
Open Water to | Open Water to| Emergentto | Emergentto | Emergentto Shrub Scrub to
é)pen Waterto| "Lt~ | Emergent- | Shrub Scrub - | Shrub Scrub - | Shrub Scrub - Shrub Serub to Riparian - Shrub Scrub to| Riparianto | Riparianto | Riparian to
mergent - Min e e i e et Riparian - Min W Riparian - Max | Upland - Min |Upland - Mean | Upland - Max
Flow Regime % X, of time | % X, of time | % X, of time = % X, of time % X, of time = % X, of time | % X, of time % X, of time % X, of time | % X, of time | % X, of time | % X, of time
CS1 - NAVDSS - 2009 91.0 70.4 57.8 61.0 47.9 s 27.0 18.8 14.2 n/a n/a nfa
CS1 - NAVDSS - 2010 92.9 72.6 54.0 61.4 43.6 27.7| 20.6 17.3 16.0 n/a nfa nfa
CS1 - NAVDS8S - 2011 100 100 97.3 100 100 95.6 94.0 93.9 93.6 n/a nja nfa
€51 - NAVDSS - 2012 | 100 100 100 100 100 97.5| 94.5 94.0 93.7 n/a nfa nfa
CS1 - NAVDSS - 2013 94.5| 87.0 67.3 56.8 44.5| 35.2| 21.4 13.6 8.8 8.8 8.8 8.8
CS1 - NAVDES - 2014 100 78.6 0 81.8| 28.9 0 0 0 0 n/a n/a na

15

“& Ranges - 2015-04-19.efm - HEC-EFM

[E=SEERT=)

File Edit Plot Help

Relationship name: [(Open Waterto Emergent - 2009

v] Options

Description:

Statistical queries

Season
From: 03/16 (mid)
To: 027 (md)

Duration of 1 days

For each duration, compute:

From computed values, select the:

[] Rate of change:

m per

Time series specifications

% exceedance (of time)

Flow frequency @ Flow duration
) to ‘Water year range
2003 Individual water year

[C] Relatienship-defined water year

—

Geographical queries

] Write amays [ Active
[ Hypothesis tracking - increased %X will

@+ 0O- Curve | eco-health
[] Confidence tracking: ¢ 77 7

Index A B
Cther queries (nonstandard)
Reverse lookup: ) Flow

Value

Values per

Range 2591 to 3037 m

Ranges per

and cms

Properties | Relationships | Tables | Combo Relationships

‘Openad C:\Jsers\gohegjth\Documents\Hickey\Projects\Budmire\CS Data from Paul - 2015-03-30'Per year approam\RS Recalculate

16
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“&. Ranges - 2015-04-19.plt - HEC-EFM Plotter 1.1 | [
Standard Plots
Flow Regime 5 o
CS1-NAVDSS - 2009 - M
Relatonship 5.0 2010
Open Water to Emergen...
@ Custom Plots ¥
2009 -2010- 2013 - A P o 2009
g, y - 2013
o =
5
Vi its for: |5t - =
iew results for: | Stage =
Use metric units 3.5
3.09
2
T T T T T =
0.9900 0.5000 0.5000 0.1000 0.0100
« [ i »
JAVDS8 - 2009/OPEN WATER TO EMERGENT - 2009/STAGE-MEAN/0 LIAN2009/1DAY/T1f
/CS1-NAVDSS - 2010/0PEN WATER TO EMERGENT - 2010/STAGE-MEAN /0 1AN20 10/1DAY/T1 5,
JCS1 - NAVDSS - 2013/OPEN WATER TO EMERGENT - 2013/STAGE-MEAN /D 1ANZ0 13/1DAY/T1
5.0
« m '
. ! 4.5
JAVIDSE - 2009/0PEN WATER TO EMERGENT - 2009/DUR-5TAGE-MEAN/2009-2003//X 1
/CSL - NAVDSS - 2010/0PEN WATER TO EMERGENT - 2010/DUR-STAGE-MEAN/2010-20 10//X 1 404
——— /CS1-NAVDSS - 2013/OPEN WATER TO EMERGENT - 2013/DUR-STAGE-MEAN/2013-2013//X11 [ &
——— /CS1-NAVDSS - 2009/EMERGENT TO SHRUB SCRUB - 2003/DUR-STAGE-MEAN///X2 -RANGE/ |[ 5, 55
——— /CS1 - NAVDS - 2009/0REN WATER TO EMERGENT - 2008 /DUR-STAGE-MEAN///X2 - RANGE/ || &
——— /CSL - NAVDSS - 2009/SHRUB SCRUB TO RIPARIAN - 2009/DUR-STAGE-MEAN///X2 - RANGE/ i
—— /CS1 - NAVDSS - 20 10/EMERGENT TO SHRUB SCRUB - 2010/DUR-STAGE-MEAN///X2 - RANGE/ '
= /CS 1 - NAVDSS - 2010/OPEN WATER TO EMERGENT - 2010/DUR-STAGE-MEAN//X2 - RANGE/ 254
——— /CS1-NAVDSS - 2010/SHRUB SCRUB TO RIPARAN - 2010/DUR-STAGE-MEAN///X2 - RANGE/ '
—— /CS1 - NAVDSS - 2013/EMERGENT TO SHRUB SCRUB - 2013/DUR-STAGE-MEAN///X2 - RANGE/ -
% 5 by = T T T T T T T T T
Ko AN 62FUE SR TR AN. AR STAE PRV AEE] gl & A om0 B A S0 4
2009 | 2010 | eomn | an2 | a3
T il J '
5 Vancouver Historical i - HEC-£FM Plotter L1 (= [ i)
e O]
G & ! . Frequency analysis
Vencouver =
Relatonship 16 -
MeanStage -Veg Sezson ~ Plotting position: Weibull
© CustomPlots v 15
— Ly 4 Rank Frequency | WY Flow Stage
€ 13 — 1 0.0556 2011 16.7) 16.673
(9] View resus or: [Sage_~. a5 .
[usemeticunts & 5 - 2 0.1111 2012| 15.9) 15.925|
e 3 0.1667 1999 13.9 13.937
D5S Selecor et
e g 4 0.2222] 2014] 13 12.9
10 — 5 0.2778 2006| 12.9 12.926
6| 03333 1998 125 12.453
9
7 03889 2008| 122 12.155
= 8 0.4444 2002] 11.9 11.913
0.9000 0.5000 0.1000
9 05 2000 11.6 11.568
g [ & 2 10 0.5556 2009 11.5) 11.494
T ANCOUVERVEA STAGE -VEG SEASONISTAGE IRV
—— NANCOUVER/MEAN STAGE - VEG SEASON/STAGE//1DAY/T1 - SEASONAL EXTRACTS i o511} 40 LS 14967
2
= — . 12 0.6667 2010| 113 11314
B 13 07222 2003| 112 11.17
- Sy i 14 0.7778 2007| 111 11.066
el o wd A A 15| 08333 2005 102 1024
e i o 9
7 TR STAGE VEG SASONHEQ A e 1 FEQUBCr Qe . r ol En ] 55 557t
. 17 0.9444 2001 8.1 8.129)
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Geomelry (w/o projecl) Geomelry (w/ poject)

Workshop...
 Use output from 2D river hydraulics model
& » Two scenarios
£ v’ Existing conditions (Alt1)
v Restored conditions (Alt2 - more connectivity)
f

Restorafion area

; Task:
".’Alt2 ! * Define and test EFM relationships to:
0.63B/ / v Characterize vegetative habitats

v" Show salmon habitat
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