Fisher Slough Tidal Marsh Restoration
2011 Monitoring Report

Skagit River System Cooperative, LaConner, WA

Photo of Fisher Creek, October 2011, by Joelene Diehl of The Nature Conservancy



Fisher Slough Tidal Marsh Restoration 2011 Monitoring Report

May 2012

By EM Beamer, R Henderson, G Hood, A McBride, and K Wolf
of the Skagit River System Cooperative, LaConner, WA

Thanks to Jenny Baker, Kris Knight, and Joelene Diehl of The Ranservancy
for reviewing thisdlocument

Thanks to SRSC sthdf help in data collection:
Bruce Brown, Jasddioome, Jeremy Cayolen Rodrigez, Josh Demma, and Ric Haase



Table of Contents

SECHON L: INTOAUCTION......etiiiiiiii ettt e st e e b e e et e e e e e s annneees 1
1.1 PrOJECE PUIOSE. ... .eiieiiieiiiitte et e e ettt e e et et e e e ek e e e e e e e s s b e e e e e e e e nnbb s e et e e e e e nnnneeeeeeeean 1
1.2 PrOJECE ODJECHIVES ....eiiieiiiiiitiieee ettt e e e e e et e e e e e e e e e e e e nnn e e e e e e e nannnnrreeeeeeaand 4.
1.3 MONIOIING MEENOUS ... e e e s e e e e s e nbr e e e e e e e ananes 4

Section 2: RESUILS N0 DISCOBBI........cccuiiiiiiiiiei ittt 5
P20 R O ] o TT= o1 11 = 0 PR URPPPRPPRRRRR 10

0t Nt O 1V To 1 (=TS S o PP 10
2.1.2 HYPOLNESIS H2.....eeeeeieeeeeee ettt e e e e e e e e e e e e e e aannes 14
2. 1.3 HYPOLNESIS H3 ...t e e e e e e e e e e e e e e e e annes 17
2.1.4 HYPOLNESIS HA ...t e e e e e e e e e r e e e e e e e annes 19
2. 1.5 HYPOtNESIS HA .. .. e e e e e e e e e e e e e e e e e e e s e e s s e e s e e aannennnes 22
2.1.6 HYPOLNESIS HAB.... ..o e e e e e e e e e e e e e e e e e e e e e s s e e s e e s e e annnennnes 24
2.0.7 HYPOLNESIS HT.... .ot e e e e e e e e e e e e e e e e e e e e e e s e e e s s e e s e aannennnes 24
2.2 ODJECHIVE 2. et e et e e e e e e e e e e e e et e e e e e nnnne e 26
2.2. 1 HYPOENESIS HAE.....eeeeeiee et e e e e e e e e r e e e e e e e annes 26
2.2.2 HYPOthESIS HO ... . e e e e e e e e e e e e e e e e e e e e s e e s s e e e s s annneannes 28
2.3 ODJECHVE B e a e e e e e e e e 28
2.3.1 HYPOthESIS HLQ ... oeiiiiieeeiiiiiecceee e e e e e e e e e e e e 28
2.3.2 HYPOLNESIS HLL ... e e e e e st r e e e e 29
2.4 ODJECHIVE 4.t e et e oo et e e e e e e e e e e e r e e e e nanne s 34
2.4. 1 HYPOTNESIS HL2 ...ttt e e e e e e e e e e e e 34

Section 3: RECOMMENUALIONS .......ceeiitiieeiiiiie ettt et e e et e e s e e e e aane e e e e 36

3.1 SOliNSt Data LOGQET EXTOL.... ..o oottt e e e e e e e e e e e e e e e e e e e e s e e e e s s e s e s e s enasannennnes 36
700 0 I = Tor o | (01U Vo SR EUPPUPRTUUT 36
3.1.2 1dentifiCation OF EFTOL.........cooiiiiiiiiiee et e e e e e e 36
3.1.3 COITECHVE ACHION. ....ceiiiitiiiiee ettt e e e e e et e e e e e s e bbb e e e e e e e s nnabeeeeeeeas 37
3.1.4 RECOMMENUALIONS. ....ceiiiiiiiiiiiite e e ettt e e ettt e e e e e st e e e e e s s bbbt e e e e e e sannb e e e e e e e e annnees 38

3.2 Updates to Monitoring Methods for Dike Setback Area............cccuvviiiiiiiiiiiiiiiiiiiiiieeeeee, 39
I F02 R B T [=1T0 V7= To B ) Vo = L 39
3.2.2 Temperature and WSE....... ... oo 39



B2 B RS e e e 39

(=] (=T =] o (o T PSP PR PPP O PPPPPPPRPTPN: 43
AppendixX AC GroUuNAWALEr DAta..........ccviviiiiiiiee e e e e e e aaaa s 45
GenEral ODSEIVALIONS .......ciiiiiiiiiiiii et e b e e e e e e e nnnes 46
Spot Measurements and SUIVEYS.........cccccccciuururiiiiriirrirrirerreeererreereesseesaeeaeaeeaesassenssnsnsssennnnnnnnnn 48
Appendix B, SUrface Water DAL@.............ueeiiiiiiiiiiiii e e s e e e e e e 57
Appendix @& Water QUALILY DataA.............uueiieieiiiiiieei e e e s e e e 65
DISSOIVEA OXYGEIN......eiiiiieeeeiiit ettt e e e e s e e e e e s s b e e e e e e e s s b b e e e e e e e e s annnnreeaeeeas 65
WaAtEl TeMPEIALUIE. ... ..ttt i i e ittt e et e e e e e e e e e e e ae bt s s e e e eeeeeeeesesssnnnnsseeeeeeeeeeesssnesd 6.7
Appendix Dt Site PhotOgraphS.........oooviiii e e e e e e e e e e e e e e e e e e e 76



Section 1: Introduction

¢KS Dbl (dzNB / 2y aS SBughyTaa Marsh RdstoratioropCtARisKes $ldugh Project) is
being monitored to document changes between existing and restored freshwater tidal habitats
following reintroduction of tidal hydrology and reconnection of stream floodplains on the site to
evaluate success of restoratiogfforts. This monitoring report compares establishédseline (pre
project) conditionswith changingproject conditions, to test hypotheses derived from th@roject
objectives. The Fisher Slough Project site is located in Skagit County, Washingtontfusf gte town

of Conway, at the downstream end of the Carpenter ChdilkDitchwatershed and the confluencef
Steamboat Slouglith Tom Moore Slough on the south fork of the Skagit RiFgufe 11). Fisher
Slough has been subjected to channelizatio levee construction as part of flood control, irrigation
and drainage, and agricultural development on the Skagit Rligia for the past 150 years.
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Figure 11. Location of Fisher SloudProject area is outlined in red.

1.1 Project Purpose

The purpose of the Fisher Slough Project is to restore landscape processes and salmonid habitat
functions wthin Fisher Slough, whilproviding additional benefits to local landowners and farmers,



including improved flood protection and drainag8pecifically,the project will reestablish riparian
floodplain and tidal processes within Fisher Slough and its tributaries. WhN€h owns most of the 60
acre restoration sitejs working collaboratively with Skagit County Public Works, Diking District 3,
Drainage ad Irrigation District 17, and local landowneis implement this project(Figure 12). The
Fisher Slough Project consists of three elements:

Project Element X Completed in the fall of 2009, this element consisted of the replacement of the
existing floodjates at the Pioneer Highway crossing with new seljulatingfloodgates toallow
greater tidal exchange and fishc@ess upstream of the floodgateyhile still providing flood
protection to adjacent farmland. The new floodgate is designed and operatadaiximize tidal
exchange (i.e., thaew gatesare open for a longer timeframe during the year) aaldoto improve

fish access during the spring migration period for Chinook salm@mntdrhynchus tshawytscha
(Tetra Tech 2008).tAhe same time, asmall flagate located below thesouth floodgate was
retrofitted with a gate that can be propped opebo allow fish passage when water levels drop
below the floodgatssill.

Project Element 2; Started in 2010 and completed in 201hjg element involves the realigrent

of Big Ditch from itdistorical configuration where it crossathder Fisher Slough. Big Ditalas
within the levee setback area. For the ditch to continue functioning as part of the drainage system
for the adjacent and upstream landowneremove a h passage barriend to make way for more
complete levee setbackt was moved Project Element 2 includeexcavating a new route and
crossing for Big Ditch so that it crosses under Fisher Slough near Pioneer HighmayingeBig
Ditch, demolishing th old box culvert crossing, and filling the old Big Ditdtere it had been
locatedin the new marsh.

Project Element ¥ Completed in the fall of 201(in WY2012)this element includé building anew
setbacklevee; removal of the existing south leveexcavation of pilot tidal channelee-routing Big
Fisher and Little Fisher creekmd planting in some marsh and ripariaeas

This monitoring report documents data collected between October 1, 2010 and September 30, 2011
(Water Year 2011). The purpo®f the WY2011 monitoring data collection is for comparison of site
conditions in terms of ecological indicators that are expected to change in function as a result of
completed Project Elements-3 Construction of the dike set back (Project Element 3 wot
completed until after the start of WY2012; therefore most data collected in WY2011 are used to
document preproject conditions for the twelve individual hypotheses summarized in Tablgir2.1
comparison to post project conditions in future yearseThethods for data collection are described in
Parametrix (2010) unless otherwise indicated.
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Figure 12. Fisher Slough tidal marsh restoration project site map.



1.2 Project Objectives

The goalbf restoration monitoring at Fisher Slough is to evaluate the success of restoration efforts by
documenting changes betweepre-project and restored habitats after the reintroduction of tidal
hydrology and reconnection of stream floodplains on the sifgec8ically, the monitoring program is
designed to track progress toward the primary project objectives (Parametrix 2010):

1. Restore the ecological processes and structure to support and maintain a functional freshwater
tidal wetland that supports target sjgs, such as Chinook salmon;

2. Restore and improve freshwater tidal rearing habitat for Chinook salmon;

3. Restore fish passage for access by spawning ¢@hoofhynchus kisutclgnd chum salmon
(Oncorhynchus kejaand

4. Improve flood storage to proteafjricultural uses of adjacent properties.

Restoration of Fisher Slough is expected to reestablish landscape processes and habitats within the
project site and improve hydrologic function upstream in the Carpenter Creek watershed. Monitoring
efforts for bidic response variables and landscape changes include the collection of data associated
with surface water levels, groundwater levels, water quality (dissolved oxygenai@¢mperature),
vegetation, marsh elevations, and channel cross sections.

In summay, the monitoring efforts are taletermine whetherthis project achieves its ecological, fish,
and flood protection objectivesand if not help recommend corrective actions for adaptive
management. The Fisher Slough monitoring eféamn act as a templatfor future projects.

1.3 Monitoring Methods
Methods used for monitoring the Fisher Slough Project are detailed in Paran{2@t0) unless
otherwise noted in sections belawocations of monitoring equipment are shown in Figu& 1
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Figure 13. Locationof groundwater, water surface, and DO monitoring equipment for Fisher Slough
project site.Project area is outlined in red.

Section 2: Results and Discussion

This section describes the ppeoject conditions as established by the baseline monitoring dascudses

how these conditions relate to the project hypotheses (TablB.2Preproject data were collected to
determine if they will substantiate assumptions regarding existing conditions and provide data with
which to compare posproject data. In this ection we also address all twelve hypotheses associated
with the Fisher Slough project objectives.

Groundwater elevations (Appendix A) are not specifically related to project objectives and hypotheses,
but there is an interest in tracking groundwater eléwas at several locations during and after the
restoration project. Determining what factors groundwater elevations are responding to would require
more extensive sampling than currently planned; however, by tracking groundwater elevations at a few
locations, any significant anomalies can be evaluated and used to determine whether there is a need for
further investigation.



Table 21. Summary of conditions and restoration targets associated with objectives, hypotheses, and parameters for kEigher Slo

Objective

Hypothesis

Parameters

Pre-project
Condition
(before 2009)

WY2009 Condition

WY2010
Condition

WY2011
Condition

WY2012
Condition

WY2013
Condition

WY2014
Condition

WY2015
Condition

Restoration Target

H1: Replacement/ revised

operation of the
floodgate (post
project condition) will

Water levels below
and above the new
floodgates will
determine whether
gate operations
result in higher water
levels and greater
tidal amplitude
upstream of the
floodgates.

Tidal amplitude
upstream of
floodgates is 6 to 7 ft
NAVDS88 (Tetra Tech
2008).

1.2 ft during Spring Migration
at Big Ditch.

1.2 ft during Spring Migration at
Big Ditchfrom May 2 to May 31.
Mean tidal amplituddrom May
2 to May 31 (measured by
floodgate nonitoring
instrumentation)
Downstream?2.16ft,

Upstream:1.59ft

Mean tidal amplitudeduring
Spring Migration (measured

by floodgate monitoring
instrumentation)
Downstream:1.771t,
Upstream:1.61ft

By 2010, tidal amplitude upstream (
floodgates will increase during sprin
migration.

Compare tidal
amplitude
immediately
upstream of
floodgate to
downstream of
floodgate when
floodgates open.

Surface Data
collected but not
converted to tidal
amplitude

2.1 ft (Downstreamn) average
versus 1.2 ft (B Ditch) average
during Spring Migration Period

2.11ft (Downstrean) average
versus 154 ft (Big Ditch average
during Spring Migration Period
from May 2 to May 31
Meantidal amplitudefrom May
2 to May 31(measured by
floodgate monitoring
instrumentaion):

Downstream:1.94+t,

Meantidal amplitude during

Spring MigratiorPeriod
(measured by floodgate

monitoring instrumentation)

Downstream:1.68ft,
Upstream:1.61ft

Tidal amplitude immediately
upstream of floodgates withatch
amplitude downstream of floodgate
(gates open).

result in increased
tidal amplitude and
water ekvations
upstream of the new
floodgate, compared
to pre-project
conditions.

Upstream:1.58ft

1. Restore the
ecological
processes and
structure to
support and
maintain a
functional
freshwater tidal
wetland that
supports target
species, such as
Chinook salmon.

MHHW at Big Ditch crossing is
8.56 ft NAVD88 for thevhole
year even though floodgates
were disengaged during
construction of Project Element
2 during the Summer Irrigation
Period.

MHHW pstream of the
floodgatewas8.65 ft NAVD88
at Big Ditch Crossing for all of
WY2011During non
construction operating times,
MHHW was 9.48 ft NAVD88.

MHHW will be 8.8 ft NAVD88
upstream of floodgatest Big Ditch
Crossing.

Surface Data
collected but not
converted to MHHW

MHHW at Big Ditch crossing is
8.59 ft NAVD88 for the whole
year.

MHHW upstream of
floodgates.

MHHW immediately upstrean
of the floodgates was 10.00 ft
NAVD88 antMHHW at Big
Ditch crossing ws9.60ft
NAVDS88 during Spring
Migration Period when no
construction was occurring.

MHHW immediately
upstream of
floodgate during
spring migration.

Surface Data
collected but not
converted toMHHW

MHHW at Big Ditch crossing is
8.45 ft NAVD88 during Spring
Migration Period.

MHHW at Big Ditch crossing is
8.62 ft NAVDS88 during Spring
Migration Period

MHHW immediately upstream of thd
floodgates will be 9.5 ft NAVD88
during spring migration (as @010).

Not measured. New Floodgate!
installed in Fall 2009. Beamer
et al. (2010) estimated
upstream passage as 49%
during spring migration.

Floodgate position open 90% of
the time May 2 through May 31,
the period of migration that was
monitored (Shannon & Wilson
2010).

Floodgates open more than
90% of the time during Spring
Migration period (92.3% and
93.4% for the north and
middle doors, respectively).

Floodgate openness
during spring
migration.

Floodgate position will be open 909

Not measured of time during spring migration.

DO data loggers were not
functional. Spot DO
measurements were collected
during fish monitoring and are
contained in the 2010 Fish
Report (Beamer et al. 2011).

<8 ny/L upstream of
floodgates on 22 ays from
June 5 to June 2@lata is for
the time period prior to
floodgate being disengaged
due to construction).

H2: Restoration of tidal
exchange will
increasewice daily
mixing of waters in
Fisher Slough on the
project site,
increasing oxygen
levels and reducing

<8 mg/L upstream ofiie
floodgates during 5 of the days
sampled (JuneSept).

Increased DO during summer; daily]
minimum >8.0 mg/L upstreamf
floodgates by 2015.

DO levels in Fisher

Slough. Not measured

The summer ®lay maximum
temperature occurred during

Floodgates were disengaged
during the summer months for

The summer ®ay maximum

18.4 to 19.£C(7-da:
( y temperature occurred June(2

Decreased temperatures during

Temperature levels | maximum in . S : summer; highest -lay maximum
temperatgres in Figher Slough summer) (Tetra Tech July 25 July 31 2009 and construction activities. Thereforg through June 26ranging from temperaturg averaggwithin
compared to pre : i i

p p 2007). ranged from 22.5 to 24.2C, temperature data collected in 15.6 to 18.2Cand averaging 121014 °C(WDOE 2004).

project conditions,

averaging 23.%at Big Ditch 2010 is not comparable to 17.1°Cat Big Ditch crossing




Pre-project

Objective Hypothesis Parameters Condition WY2009 Condition WYZQ_lO WYZ(.).ll WYZQ;Z WYZ(.).l?’ WYZQ.M WYZ(.).lS Restoration Target
Condition Condition Condition | Condition [ Condition | Condition
(before 2009)

particularly during the crossing. previous years. (data isfor the time period

summer months prior to floodgate being
disengaged due to
construction).

Water level

H3:

Relocation of the
confining levees will
restore 50 acresf

elevations relative to
site elevations
calculated total area
of the project site
that is inundated at
9.5 ft NAVDS8S8 (as
measured upstream
of the floodgates).

9.8acres inundated
at MHHW (9.5 ft
NAVD88 at the
floodgates) (Tetra
Tech 2008).

9.8acres inundated at MHHW
(9.5 ft NAVD8S8 at the
floodgates) (Tetra Tech 2008).

Not measured

9.8acres inundaté at MHHW

(9.5 ft NAVDS8S at the

floodgates) (Tetra Tech 2008

tidal marsh which will
result in a total of
60 acres of

Time series of water
level elevations (for
% inundation curves)

Not measured

Not measured

Not measured

Not measured

freshwater tidal
marsh area the area
of tidally inundated

Site elevation.

From LiDAR: 1.5 to
16 ft NAVDS88

From LiDAR: 1.5 to 16 ft
NAVDS88

Not measured

Not measured

freshwater wetland
will increase.

Number of days or
percent of period site
inundated.

Not measured

Not measured

Not measured

Not measured

Percent of the
project site that is
inundated at MHHW
(9.5 ft NAVD8S8 at the
floodgates).

16.3%, based on 9.8
acres of the 60 acre
site.

16.3%, based on 9.8 acres of
the 60 acre site.

Not measured

16.3%, based on 9.8 acres of

the 60 acresite.

[1] Increase in area inundated at
MHHW upstream of floodgates by
2015.

[2] Increase in area of freshwater
wetland vegetation

[3] 60 acres of freshwater tidal
wetland by 2015.

[4] Photodocumentation shows
significant increase in total area tha
is inundated by 2015.

[5] The percent of the project area
inundated at MHHW of 9.5ft
NAVDS88 increases by 2015.

H4:

Restored tidal
exchange/levee
setback and greater
inundation will result

Sedimentation rates
across the newly
exposed
marsh/floodplain
area.

Not measured

Not measured

Not measured

Not measured Sediment
stakes were installed in 2011.

Mean sedimentation rates are
positive by 2015.

in accretion and

aggradation of the
ground surface in
tidal marsh areas.

Elevation of the
newly exposed
marsh/floodplain
area.

Not measured

Not measured

Not measured

Baseline condition measured
at stakes anavith asbuilt

survey.

More pins with positive (accretion)
as opposed to negative (erosion)
sedimentation.

H5:

Restoration of tidal,
fluvial, and sediment
processes (and
limited planting) will
result in
recolonization of the
site by native

Total area of the site
with native and non
native vegetation
communities,
determined from
vegetation mapping
in aerial photographs
(in acres).

Not measured

Not measured

Not measured

Not measured

Photo-documentation shows
significant change in plant
community species composition an
type by 2015Total area mapped
with tidal freshwater wetland plant
communities mcreases (60 acres by
2015).

freshwaterwetland
emergent, scrub
shrub, and forested
wetland, and riparian
plants as predicted by
Hood (Tetra Tech

Cover of vegetation
species aquatic,
herbaceous, scrub
shrub, forest.

Not measured

Not measured

Vegetative cover data for the
five treatment areas ranged fron
0-17% bare ground to-89%
native species to 4400%

introducedspecies.

Not measured

By 2015, >30% cover of freshwater
tidal wetland plant species.

2007) and TNC (Tetra
Tech 2009).

Species richness
total number of

species observed on

Only calculated at
the transect level.
21 native species

Not measured

97 species observed, 48 of whic

were native species.

Not measured

Increased native plant species
richness compared to 2010
conditions.




Objective

Hypothesis

Parameters

Pre-project
Condition
(before 2009)

WY2009 Condition

WY2010
Condition

WY2011
Condition

WY2012
Condition

WY2013
Condition

WY2014
Condition

WY2015
Condition

Restoration Target

the site from species
lists compiled during
vegetation sampling.

present on transects
during 2006 survey.

Elevation ranges and
inundation times of
vegetation species.

Elevation ranges
(NAVDS8S), %
inundation
Mud-channel: O to
5.5 feet, 100%

Low marsh: 6.0 to
6.5 feet, 46.965.5%
High marsh: 7.0 to
7.5 feet, 20.§32.9%
Riparian: 8.0 to 10.0
feet, 4.711.9%
Uplend: 10.5 to 14
feet, 0-2.6% (Tetra
Tech 2009)

Not measured

Elevation ranges and inundation
times are the same as 2006.
There were no changes to the
existing levees.

Not measured

Elevation ranges (NAVD88) and %
inundation for major vegetation
types willbe similar to:

Mud-channel: 0 to 4.5 feet, 9500%
Low marsh: 4.5 to 7.0 feet, 86%
High marsh: 7.0 to 8.5 feet, ED%
Riparian: 8.5 to 10.0 feet; 6%
Upland: >10 feet, %

H6:

Restoring a natural
and more variable
tidal regime will
reduce thecover of
reed canarygrass in
areas where it occurs
pre-project.

Total area of the site
with reed
canarygrass,
determined from
vegetation mapping
in aerial
photographs.

Not measured

Not measured

There are approximately 19.30
acres of reed canarygrass ireth
project site.

Not measured

Area mapped with reed canarygras
is the same or less than 19.30 acre
by 2015.

Average elevation
and elevation range
of reed canarygrass
on the site.

Not measured

Not measured

The average elevation that reed
canarygrassccurs in vegetation
plots is 8.87 ft NAVD88. The
range is from 5.45 to 18.44 ft
NAVD88.

Not measured

Reduce the density of reed
canarygrass at all elevation ranges.

Average cover of
reed canarygrass in
vegetation plots.

Reed canarygrass
cover inthe 7
vegetation transects
ranged from 1670%
cover in 2006

Not measured

Average percent canopy cover ¢
reed canarygrass in vegetation
plots was 60% ranging from 5
100%.

Not measured

Percent cover of reed canarygrass
plots is same or less than nmaed
in 2010.

H7:

Restored tidal
exchange will
re-introduce
sediment transport
and scouring of tidal
channels on the
project site, resulting
in the creation of
greater overall
channel area and a
more complex
channel network
compared to pre
projectconditions.

Channel area (total
channel area
estimated from aerial
photographs and
elevations using GIS

4.3acres of channel
area

4.3acres of channel area.

Not measured but assumed to
be the same as 2004 .3acres).

4.8 acres of channel area

Totalchannelarea andlength will
increase by 2015

Channel cross
sections and
longitudinal profiles
(estimate area).

Not measured

Not measured

Not measured

Not measured

Total length of
channel network
(estimated from
aerial photographs
using GIS).

Not measured

Not measured

Not measured

5000ft excavated or remnant
after rerouting Fisher Slough

TBO measures of pilot channels
from asbuilt drawings in 2011.

Channel density
(total length divided
by project area).

Not measured

Not measured

Not measured

0.0117length per unit area
(i.e., 5000 ft/9.8 ac)




Objective

Hypothesis

Parameters

Pre-project
Condition
(before 2009)

WY2009 Condition

WY2010
Condition

WY2011
Condition

WY2012
Condition

WY2013
Condition

WY2014
Condition

WY2015
Condition

Restoration Target

Distance upstream to
head of blind tidal
channel.

Not measured

Not measured

Not measured

Not measured

H8:

2: Restore and
improve
freshwater tidal

Chinook salmon
abundances (0+ year
class) will be similar
above and below the
floodgates (post
replacement) during
peak migration
periods.

Juvenile Chinook
salmon:

Seasonal density u
and downstream of
floodgate and at
reference sites

Not measured

There is no significant
difference in log transformed
mean juvenile Chinook density
between sites up and
downstream of the floodgates
from February to August 2009
(Beamer et al. 2010).

Wild juvenile Chinook salmon
density was highetlownstream
of the floodgate than upstream
in 2010 (Beamer et al. 2011).

Wild juvenile Chinook salmon
density was higher
downstream of the floodgateg
than upstreamfrom February
to June2011(Greene et al
2012).

By 2015, trends suggt higher
relative density of aged+ Chinook
above floodgates compared to pre
2010 conditions.

rearing habitat for
Chinook salmon
(Oncorhynchus
tshawytscha).

H9:

Juvenile Chinook
salmon will utilize
restored channels ang
marshes at densities
similar to other Skagit
freshwater tidal
marshes, adjusted for,
landscape
connectivity

JuvenileChinook
salmon:
Seasonal density u
and downstream of
floodgate and at
reference sites

Not measured

Nine out of ten Fisher Slough
monitoring sites were within
the scatterplot of seasonal fish
density and landscape
connectivity for longerm
Skagit delta ranitoring sites
(Beamer et al. 2010).

Three out of ten Fisher Slough
monitoring sites were within the
scatterplot of seasonal fish
density and landscape
connectivity for longerm Skagit
delta monitoring sites (Beamer
etal. 2011).

Scatterplots were not
cdculatedin 2011.

No reduction in landscape
connectivity due to floodgates; i.e.
similar densities to other Skagit
marshes when adjusted for
landscape connectivity.

H10

. Floodgate operation

will improve fish
passage opportunity
for coho and chum
compared to pre
project conditions.

Number of days
floodgates are open
from October 1 to
February 28 or 29.

Gates were open for
34% of the time
during the fall of
2006 (Tetra Tech
2008).

Not measured

Not measured during the
Fall/Winter Floodgate Operation
Period (Oct 1 to Feb 28/29).

At least me of three floodgate
doors wasopen on 148 of 151
days (Oct Feb B); a least
one of three floodgate doors
wasopen 947% of thetime

for the period Oct IFeb 28.

Gates open at least once per day
October to February 28 or 29

3: Restore passage
for coho and chum
salmon spawning
access.

H11:

Removal of the
passage barrier at
Big Ditch will result

Longitudinal channel
profile at Big Ditch
crossing.

Not measured

Not measured assumed to be
iKS &aryYSsS | a WwWo
RTK GPS survey done in June
2011.

Not measuregassumed to be
GKS &arvysS Ia wo
RTK GPS survey done in June
2011.

Y. ST2NE NBY20Q
survey in June 2011 found
average sill height to be.8 ft
higher than the surrounding
streambed upstream and
downstream of the sill.

By 2015, passage barrier at Big Dit
can no longer be seen in channel
profile.

in more natural
channel profile
through this area.

Mean water depth at
crossing.

Not measured

Average 2.05 ft deep during
adult coho ancchum upstream
migration period (Oct &, Dec
31).

Average 1.81 ft deep during
adult coho and chum upstream
migration period (Oct &, Dec
31).

Average 1.81 ft deep during
adult coho and chum
upstream migration period
(Oct 1¢ Dec 31, 2010).

Mean water dgth at crossing
increases.

4: Improve flood
storage and
protect adjacent
farm uses.

H12:

Levee setback and
restoration of tidal
exchange will result
in 310acrefeet
available for flood
water storage (i.e.,
greater floodplain
and channel area)
during highflows.

Change in flood
storage capacity

64 acrefeet of
storage (Tetra Tech
2009).

Not measured

Under construction, not
measured.

309 acrefeet of storage
(TNC).

At least 247 acréeet of new flood
storage (about 310 acrteet total).

Floodgateposi ti ons

ar e

generalized

based on

seasonal

operations

ob

shet Eempodpanieng

Whenftbedgates

weessoperwasdhibghar inpstr aly&ly2009.doderthgrwai raveér floar aomditions, the flo@dgates apenedduatt e

after high tide and remained open throughout the ebbing tide. The floodgates closed again when flood tidal flow pushed back upstream into the Skagit tidal delta and made the water level higher than Fisher Slough freshwater inflow, coming from the watersheds upstream of the floodgates. During the summer months (June 1 through September
30, 2009) the doors were lashed open for the irrigation season, unless there was a high water event.

Due to tidal muting expected on the site from the design and operation of floodgates, MHHW upstream of the floodgates (near Big Ditch crossing) is expected to be about 8.8 NAVD88 (TNC 2009).

Original vegetation communities delineated in 2006 differ from 2009-2015.

Elevation ranges from Draft Technical Memorandum #1.7 i Vegetation Survey (Appendix A.2, Final Design Report, Tetra Tech 2009a).

TBD = to be determined, mg/L = milligrams per liter, NA = not applicable, GIS = geographic information system, NAVD88 = North American Vertical Datum 1988




2.1 Objective 1

Restore the ecological processes and structure to support and maintain a functional freshwater tidal

wetland that supports target species, such as Chinook salmon.

2.1.1. Hypothesis H1

Replacement/revised operation of the floodgate (posiject condition) will result in increased tidal

amplitude and water elevations upstream of the new floodgate, compared tgrmpject conditions,
particularly during thguvenileChinookspringmigration period (March 1 through May 31)

Table H11. Fisher Slough water surface elevations, tidal amplitude, and MHHW.

upstream of the
floodgates.

Downstream?2.16ft,
Upstream:1.59ft

Parameter sefore WY2009 | \1v2010 Condition WY2011 RESEIEE
WY2009 Condition Condition Target
1.2 ft during Spring
Water levels below Migration at Big Ditch | Mean tidal amplitude
and above (e NeW | Tigay from May 2to May | during spring By 2010, tidal
dg?erﬁlitne;:vvrllether amplitude 1.2 ft durin 31 _ _ migration(measured | amplitude
ate operations upstream of S- fin 9 Mean tidal amplitude | by flgod_gate upstream of
rgesult |Fr)1 higher water floodgates is 6 MFi)gra?ion at Big from May 2 to May 31| monitoring floodgateswill
levels and greater to 7 ft NAVD88 Ditch (measured by. . instrumentation) increaseduring
; : (Tetra Tech ' floodgatemonitoring | Downstream:1.77ft, | Spring
tidal amplituce 2008). instrumentation) Upstream:1.61ft Migration.

Compare tidal
amplitude
immediately
upstream of
floodgate to

Surface Data
collected but
not converted

211t
(Downstream)
average versus
1.2 ft (Bg Ditch)
average during

2.11ft (Downstrean)
average versus 34 ft
(Big Ditch average
during Spring
Migration Periodrom
May 2 to May 31

Meantidal amplitude

Meantidal amplitude
during Spring
Migration Period
(measured by
floodgate monitoring

Tidal amplitude
immediately
upstream of
floodgates will
match

floodgates.

not converted
to MHHW

8.59 ft NAVD88
for the whole
year.

disengaged during
construction of Project

of WY2011During
non-construction
operating times,

downstream of to tidal Spring from May 2 to May 31| instrumentation) amplitude
floodgate when amplitude Migration (measured by' _ Downstream:1.68ft, | downstream of
floodgates open. Period. floodgate mqnltorlng Upstream:1.61ft floodgates
instrumentation) (gates open).
Downstream:1.94ft,
Upstream:1.58ft
MHHW at Big Ditch
crossing is 8956 ft MHHW pstream of MHHW
. NAVDB8S8 for the whole the floodgatewas . elevations will
MHHW at Big 8.65 ft NAVD8&t Big
Surface Data Ditch crossing is| yeareven though Ditch Crossing for all be 8.8 ft
MHHW upstream of | collected but floodgates were NAVD88

upstream of
floodgates at

floodgate during
spring migration.

not converted
to MHHW

during Spring

Migration

NAVDS88 during Spring
Migration Period

ft NAVD88 and
MHHW at Big Ditch

s oo™ | o was'oas | 2800
. g NAVDSS. g
Period.
MHHW immediately | Surface Data '\DAE';VCVR?;S:% io MHHW at Big Ditch rpiﬂgggf:;ately ('\a/II;'v';\t/i\(/)ns
upstream of collected but crossing is 8.62 ft
P 8.45 ft NAVD88 g floodgates was 10.00 | immediately

upstream of
the floodgates
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Floodgate openness

2009. Beamer

open 90% of the time
May 2 through May

than 90% of the time
during Spring

Parameter Before W\Q(.)Qg WY2010 Condition WYZQ.ll Restoration
WY2009 Condition Condition Target

Period. crossing wa9.60ft will be 9.5 ft
NAVDS88 during Sprin¢ NAVD88 during
Migration Period spring
when no construction | migration (as
was occurring. of 2010).

Not measured.

New Floodgates Floodgate position Floodgates open morg

installed in Fall Floodgate

position will be

0,
during spring Not Measured ZL;‘:T'];%;);O) 31, the period of Migration period ?ir%i}nd?ﬁif of
migration. upstream migration that was (92.3% and 93.4% for sorin g

P monitored (Shanon the north and middle pring.
passage as 49% migration.

& Wilson 2010). doors, respectively).

during spring
migration.

2.1.1.1 Surface water levels below and above the new floodgates
Restoration arget: By 2010, tidal amplitude upstream of floodgates will increase.

Target met?Yes It is difficult to compare tidal amplitude among WY 2009, 2010, and 2011 due to
different locations and time duration that tidal amplitude was calculat€de result for 2010 is for only
short period of timg(May 2 through May 3Within the full Spring Mgration period. The result repcet

for pre-2009 is an elevatiomot atidal amplitudecalculation Thus, it is difficult to compare resuftem
pre-2009 and 2010 to 2011.

The current restoration target is simplistic; the goal of simply increasing thaplitude does not
recognize annual variation in tidal amplitudaused byariation in annual river discharge.

2.1.1.2 Difference in tidal amplitude above and below the floodgates
Restoration target: Tidal amplitude immediately upstream of floodgates |wihatch amplitude
downstream of floodgates (gates open).

Target met?No. During thejuvenile Chinook spring migration period from 1 March to 31 May 26id4l
amplitudeupstreamaveragel 007 feet lower thantidal amplitudedownstream(Table H1l). However,
the difference between upstream and downstream tidal amplitude is less in 201 Jirthpmavious years.

This restoration target does not explicithpecify the Spring Migration Period; however, Hypothesis 1
emphasizeshe spring period and resulfsr this restoration target iryears 2009 and 202@ere only for
the spring period

2.1.1.3MHHW upstream of floodgates
Restoration target MHHW will be 8.8 ft NAVD88 upstream of floodgadethe old Big Ditch crossing

11



Target met?Yes The MHHV upstream of the floodgatesit the old Big Ditch Crossing was 9#8
NAVDS88 for theime period when no construction was occurringhich was0.68 ft higher than the
target goal.

MHHW upstream of the floodgates at the old Big Ditch Crossing was 8.65viD8@8Afor the entire
record of WY 2011. However, the floodgate was disengaged for construction during October 1 through
October 8, 2010 and from June 27 through September 30, 2011. When the floodgates were operating
under normal conditions, the MHHW at tledd Big Ditch Crossing was 9.48 ft NAVD88 (Figurg) H1
This is 0.68 feet higher than the target goal. Floodgate management during 2011 was not typical of the
anticipated future management regime, because the gates were shut early in the summer to phetect
restoration site during construction activities necessary for restoration. Thus, the MHHW calculated on
an annual basis will likely change in years when the planned management schedule is implemented.

2.1.1.4MHHW immediately upstream of floodgate dur ing spring migration (March 1 z May 31)
Restoration targettMHHWimmediately upstream of the floodgates will be 9.5 ft NAVD88 during spring
migration (as of 2010).

Targetmet? Yes.MHHWimmediately upstream of the floodgates during the juvenile Chinookirgpr
migration period when no construction was occurringjas 10.00 ft NAVD88. We are also reporting
MHHW at tle old Big Ditch Crossing, #ss was reported in WY2009 and WY2010 Conditions in the
summary table. This figumas9.60 ft NAVD88, whicis one-tenth of a foot abovehe target.

MHHW at the old Big Ditch Crossing during the Spring Juvenile Chinook Migration Period, March 1 to
May 31, was 9.59 ft NAVD88. Floodgate doors were disengaged during the last five dayperidtlis
therefore MHHW wa$.60 ft NAVD88 during the time the floodgate vegeerating normally

Recommendationt KS wSaid2N» A2y G NB SMHHW annkdiat€y upstréas lod2 (i K

3
(KS Ff22R3ILGSa 6Aftf 0SS ¢op Fd b! +5yy RdARy3I &L

established when there was a Solinst Levelogger installed at the site immediately upstream of the
floodgate. This logger was removed in October 2010 as it became buried in sediment and did not
provide accurate data. Starting in WY204d Instrumenttion Northwest AquiStar® mod&S9805
vented data loggewas deployed on the upstream side of the floodgate headwall and is recording both
water elevation and water temperature. This new logger is located in the same visititg old logger

that was remoed.

Data analysis for Hypothesis 1, Target 4 reported in Table 2.1 for WY2009 and WY2010 used data from
the logger located at the old Big Ditch Crossing because there was not a functioning logger immediately
upstream of the floodgate. For WY 2011 in tldpart we give data from both locations. We recommend

that future monitoring reports give results from the logger site immediately upstream of the floodgate
and not rely on results from the logger located upstream at Big Ditch Crossing.

2.1.1.5Floodgate openness during spring migration (March 1 z May 31)
Restoration target:Floodgate position will be open 90% of time during spring migration.

12
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Target met? Yes. Overall, the north and middle doors were open 92.3% and 93.4% of the time,
respectively.

During tte outmigration period, at least one floodgate was open 99.3 % of the time that the water
surface elevationmmediately downstream of the Fisher Slough floodgate structuas less than the
control elevation of & ft NAVD8§Beamer and Henderson 2018)veall, the north and middle doors

were open 92.3% and 93.4% of the time, respectively. Another measure of openness, the angle of the
doors relative to the floodgate structure, was:

o North door(when door was open)

f During ebb conditions = 46.5 (SD =8)8degrees n=63,483

f During norebb conditions = 43 (SD = 22)4degreesn=68,028
o Middle door(when door was open)

f During ebb conditions 40.1 SD =17.6) degreesn=63,483

f During nonebb conditions = 33.665D =18.5) degreesn=68,028

For considerablgreater detail on floodgate operations and effects on water flow corfSigher Slough
Floodgate Report for Water Year 20(Beamer and Hendersd012).

Figure H1l. Daily higher high water elevatiofsr WY2011 at the old Big Ditch Crossing. Verticadl re
lines delineate floodgate operation management periods. The floodgates were disengaged June 27,
2011 for construction and remained that way for the remainder of the Water Year.
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