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PROJECT BACKGROUND:

Parsons Slough Complex is located on the southeast side of Elkhorn Slough, an estuary in
a2yliSNBe /2dzyies /ITAT2NYAlI LiRYRKORYRAAKS BmEM
South Marsh Area. The Parsons Slough Complex was historically dominated by tidal salt marsh
and tidal creeks. Changes in hydrology and landalseg with land subsidence, had

significantly increased tidal exchange in Parsons 8laegulting in scour of the slough and
reduction in salt marsh habitat. Changes to Parsons Slbydiologyalso affected tidal

exchange in the larger Elkhorn Slough system. Within the past 60 years, the proportion of salt
marsh habitat to mudflat habitatvithin Bkhorn Sloughieversed as a result of tidal erosion and
inundation of interior marsh areas. Currently, there are approximately 800 acres of salt marsh
and tidal creeks within Elkhorn Slough, 1,600 acres of mudflat, and 300 acres of tidal channels.
Modeling efforts predict that an additional 550 acres of salt marsh will be lost over the next 50
years if tidal erosion in Elkho®lough wasiot addressed. Without intervention, excessive

erosion would continue to widen tidal channels and convert satsh to mudflat. This would

result in a significant loss of habitat function and a decrease in estuarine biodiversity.

Figurel. Completed sill at the Parsons Slough Channel

The Parsons Slough Project, which includexstruction of a partially submerged tidal barrier
(a sill) at the mouth of Parsons Slough to reduce tidal sco(figgre 1), was the first planned



component of the Elkhorn Slough Tidal Wetland Project (TA®)wvas implemented in January
2011 The TWHs a collaborative effort among coastal resource managers, representatives from
key regulatory and jurisdictional entities, leaders of conservation organizations, scientific
experts, and community members to develop and implement strategies to conserve and
restore estuarine habits in the Elkhorn Slough watershed. Several goals and objectives for the
long term restoration of Parsons Slough were identified during the TWP planning process, as
summarized in the Parsons Slough Wetland Restoration Plan (EIkbagh $lational Estuarine
Research Reserve et al. 2010). The following objectives were identified by the project
proponent, Elkhorn Slough National Estuarine Research Reserve (ESNERRpaisoine

Slough Sijproject.

Objective 1.Reduce the tidal pria in Elkhorn Slough, particularly during spring tides, to reduce
soft sediment subtidal habitat degradation that results from tidal erosion, while maintaining
sufficient tidal exchange and flushing to provide acceptable water quality. The tidal prism is
defined as the volume of water passing into and out of an embayment or estuary during a tidal
cycle.

Objective 2.Produce hydrologic and geomorphic conditions that support vegetated intertidal
marsh and its associated tidal creeks, panes, and upland transitional habitat areas, both in
Elkhorn Slough and Parsons Slough.

Objective 3.Develop restoration designs that@l for adaptive management over time in the
context of possible future conditions of the larger Elkhorn Slough system, while containing costs
associated with operations and maintenance.

Objective 4. Accommodate nursery and foraging habitat for estuarisé pecies by providing
acceptable water quality and continued access to Parsons Slough.

Objective 5.Increase native populations of Olympia oyst@s{rea luridd by improving habitat
conditions in Elkhorn Slough.

The project was supported by the National Oceanic and Atmospheric Administration (NOAA)
Restoration Center through the American Reinvestment and Recovery Act fund.



MONITORING PROGRESS IN ACHIEVING PROJECT OBJECTIVES

These objectives are all lotigrm in nature and it willikely be additionalyears before there are
sufficent data to demonstratérends reliably. However, we pvide below a short synopsis of
monitoring information to date

Objectivel

Reduce the shear stress in Elkhorn Slough, paatilyudluring spring tides, to reduce soft
sediment subtidal habitat degradation and sediment export that results from tidal
erosion, while maintaining sufficient tidal exchange and flushing to provide acceptable
water quality. The shear stress is definedlesforce exerted on the bed of a channel by
flowing water.

Status Objective 1

The evaluation of this objective ¢éontinuously being evaluated by so fds, i

evaluation involved the use of field data to calibrate and validate hydraulic and
hydrodynamic models of Elkhorn Slough and the sill. The calibrated models were
used to calculate the shear stress at specific cross sections in Parsons Slough and
ElkhornSlough. The maximum values of shear stress were compared for pre
project and post project conditions. Collaborators include URS Corporation, ESA
Philip Williams and Associates and the United States Geological Survey.

The simplest way to characterize thenefits provided by the Parsons Slough Sill

is to consider how it reduces the erosive force in the channels of Elkhorn Slough.
By delaying the flow of water out of Parsons Slough, the sill leads to slower
velocity currents in both Parsons Slough and trErChannel downstream of
Parsons. These slower flows exert smaller erosive forces on the bed. The erosive
force is characterized by the shear stress, which is the shearing force exerted on
the bed of the slough that dislodges and transports sediment.

While shear stress is costly and complicated to measure, particularly to compare
conditions before and after a project, it is straightforward to determine using a
hydraulic model that has been calibrated with hydrologic field data for
conditions before and &ér the sill was installed. Water levels were monitored
using continuous loggers at multiple stations inside and outside of Parsons



Slough. These data were used to calibrate and validate aRAS0model of the
estuary for pre and post project conditions.

Shear stress varies continuously in time and space. For simplicity, it is helpful to
consider the shear stress at a few locations and times. Peak shear stress is the
highest shear stress that occurs during a period of time. Lower values of shear
stress m& be sufficient to cause erosion, but the critical shear stress, that which
dislodges sediment, is variable and difficult to predict for cohesive sediments.

In the table below, we summarize the percent change in shear stress brought
about by the projectas predicted by the previously mentioned hydraulic model.

Tablel. Percent change in duration of significant shear stress in five different locations in
Elkhorn Slough, comparing praroject conditions to postproject conditions

Percent change in | Parsons | Parsons Downstream| Downstream| Upstream
maximum channel | Slough Slough reach of reach of reach of
shear stress upstream | connector | Elkhorn Elkhorn Elkhorn
of sill channel Slough Slough at Slough
downstream Seal Bend
Pre-project 0% 0% 0% 0% 0%
Postproject -40% -36% -7% -8% +11%

The decrease in peak shear stress was as anticipated, with the greatest reduction in Parsons Slough and
with a lesser reduction in the main channel of Elkhorn Slough downstream of the confluence with
Parsons Slough. The increase in peak shear stress apstethe confluence of Parsons Slough and

Elkhorn Slough was also anticipated. The flow out of Parsons Slough exerts a backwater effect on the
upstream reach of Elkhorn Slough, slowing drainage out of that area. By reducing peak flows out of
Parsons Sloumgthe project reduced this effect, with the result of increasing peak flow rates out of the
Upper Slough. While peak shear stress increased in the Upper Slough relativeptojpot conditions,

the absolute value of shear stress in the Upper Slough medasubstantially below that observed

elsewhere in the estuary.



Objective 2

Produce hydrologic and geomorphic conditions that support vegetated intertidal marsh
and its associated tidal creeks, panes, and upland transitional habitat areas, both in
Elkhorn Slough and Parsons Slough.

Status Objective 2

Changes in current velocities will be documented using the same methodology
described above. In addition, changes in sediment accretion will be gradual and
not easily demonstrated over short time periods. Planned bathymatrit
topographic surveys usingiip and shore based LIDAR and total stasoanning
over the next five years will provide a concrete indication of changémseline
bathymetric scan of the Elkhorn Slough was completed in early Fall 2011.
Preliminary imagingrom this scanning is shown Figures 24 below, but any
changes in the rate of sediment deposition or tidal scour will not be detectable
until after followrup surveys are completeéollow up surveys are not currently
scheduled, due to funding limitations.

Figure2. Preliminary images from scans of Parsons Slough, with red boxes depicting the
location of the detailed LIDAR scanning shown in Figures 3 and 4.



Figure3. Detailed LIDAR scan of the mudflats in Parsons Slough, aseddéd by the left red
box in Figure 2.

Figure4. Detailed LIDAR scan of the northern part of South Maralportion of Parsons
Slough,as delineated by the right red box in Figure 2

9



Objective 3

Develop restoration designs that allow for adaptive management over time in the
context of possible future conditions of the larger Elkhorn Slough system, while
containing costs associated with operations and maintenance.

Status Objective 3

The sill wabuilt specifically to provide concrete options for future additions to
the sill, should further restriction of tidal velocity be desimadf additional

height is necessary in the face of dewgel rise In addition, the Tidal Wetland
Project is engagedith a diverse group of stakeholders throughout the area in
order to carefully plan complementary future projecs summary of TWP
recommendations for future action includex planned sediment addition

project in Minhoto Marshand potentially other areasof Elkhorn Slough (TWP,
2012) The Parsons Slough Sill increases the viability of these sediment addition
projects

Objective 4
Accommodate nursery and foraging habitat for estuarine fish species by providing
acceptable water quality and continued accés$arsons Slough.

Status Objective 4

The sill design is not anticipated to change the distribution and abundance of
estuarine fish in Parsons Sloygts a rock ramp was included as part of the
design to maintain fish passage across theRdlsonsIBugh conditions should
continue to provide nursery habitat and sufficiently good water quality. ESNERR
had bimonthly fish monitoring establisheasing beach seines, minnow traps,

and otter trawls to determine differences in species richness, abundande, an
diversity. These surveykd not detectsignificant difference in species diversity

or abundance when compare sites before or after the Nl further sampling is
currently plannedSampling locations are shownFhigureb.

10
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Figure5. Bimonthly fish monitoring locations in Parsons Slough.

Objective 5
Increase native populations of Olympia oyst@®s{rea lurida by improving habitat
conditions in Elkhorn Slough.

Status Objective 5

Olympia oysters arkmited by lack of hard substrate throughout Parsons Slough
and the greagr Elkhorn Slough as well. Placing hard substrate in the intertidal
can therefore greatly increase the populations of these native oysters without
largescale action. Dr. Kerstin Wass Research Coordinator at ESNERR, has
created and placed experimental oyster settlement reefs throughout Parsons
Slough in different substrates and at different tidal heights. Her research on
optimal placement conditions for these reefs will help to erestihat the reefs

are ideally situated to recruit the most oystekder annual monitoring program

11



includes estimating juvenile oyster recruitment, survival and growth rates.
Recruitment shows great interannual variability. After sill construction, there
has beertwo low and one high recruitment year; it is too early to determine
whether overall recruitment, survival or growth will increase as a result of the
sill.
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Fgure 6. Oyster recruitment on settlement plates (number per square meter), over all ntoring
years.

ADDITIONAL MONITORING INFORMATION

Waterbirds

Monitoring description Quarterly shorebird surveys atoughwide sites (Main Channel,
Parsons Slough, South Marsh, North Marsh, Nbidhnbor). Monthly shorebird counts in
Parsons Slough and South Marsh.

Results We detected aignificant increase in species richness wkencomparel the richness
of shorebirds before and after the sill. However, this increase occurred not only iraffitesed
by the silllexperimental sites)out also sites not affecte@@ontrol sites) The increase is
therefore not attributable to the sill.

Water quality
Monitoring description

Ly 2NRSNJ (2 Y2yAG2NI g1 GSNI ljdzr t AGe O2y GAydz2dzaf
6600 V2 data loggers to collect dqf#H, temperature, turbidity, salinity, chlorophyll a and
dissolved oxygergvery fifteen minutes at two sites, South Margbntinuouslyand Rail Road

12



Bridgefrom 20092012 At both sites, the data loggeriigas deployed suktidally, located
about 30 cm off the bottom of the channel.

Additionally, in order to lookor changes in water quality throughout the water column we
measued dissolved oxygen, temperature, and salinity throughout the water colirom 2009
through 2013 The data from this survey allowed ESNERR staff to generate a vertical profile of
the water column where we could detect if stratification of the water catuohanged between
pre-sill and postsill surveys. The profiling survey was conducted during the highest risk periods
for stratification and anoxia: during the predawn hours of neap tide series in September and
October.

Results

The results of theontinuous sampling at South Marsh and Rail Road Bridgaegieted in

Figure® ¢KS LISNOSyd 2F GKS GAYS (GKFG t9nmghBy Qa
within one standard deviation of the percent of time the oxygen level of the past 45 yeas
below5 mg/L, indicating that conditions were within the typical range of variability.

South Marsh Percent Hypoxia (<Gmg/L)
BU T T T T T T T T

I Fcrcent Hypoxia for 2013
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Figure 7. Percentage time South Marsh was hypoxic by month of 2013.

There were periods in which dissolved oxygen fell below one standard deviatiba D5-yr
data set for this site but it appears that this was most likely due to local biofouling of the
deployment tube rather than actual local ambient waters. As shown in Figure 8, dissolved
oxygen returned to mean levels at the initiation of the new deploynantay 2% of this year.
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South Marsh Dissolved Oxygen for September 2013

Dissolved Oxygen (mg/L)

| | | I I
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Figure 8. Dissolved oxygen levels in South Marsh for September 2013.

No significant stratification of the water column with respect to temperature or dissolved
oxygen was detected in Septemi2012 In Octobe2012, there was alight stratification in
dissolved oxygen between the surface and the bottom of the channel. Dissolved oxygen was
about 2 mg/L lower at the bottom of the channel (6.2 mg/L) than at the surface (8 mg/L).

Thus far, there has been no indication that water lifyaconditions have changed due to the

sill. The percent of the time that hypoxic conditions occurred, one of the most important
indicators of water quality for biological organisms, was within the range of normal in 2012.
Average values were calculatediin a 15year dataset. Additionally, we found no evidence for
significant stratification of the water column with respect to temperature, salinity, and

dissolved oxygen. Henaeyr data supportthats G SNJ ljdz- t Ade O2yRAGAZ2Y a
havenot signficantly changed after construction of the sill.

Benthic invertebrates
Monitoring descriptionThe invertebrate surveys fell within three different surveys types: 1)
rapid assessmergurveysof the mudflats for sigaof large invertebrates, 2) SCUBA syw/é

the subtidal reaches to scan for sgf large invertebrates and pres for benthic infaunal
sampling.

Resultsfor all of these surveys types, there are great amswf interannual variabilitysuch
that it is too soon to determine whether the presence of the sill has negatively impacted
distribution and/or abundance of invertebrates in Elkhorn Slough.

14



Eutrophication

Monitoring descriptionElkhorn Slough is one of the highest nutrient loadstlaries in the

United States (Caffrey et al. 1997, Caffrey 2002). The consequence of this nutrient loading has
lead to eutrophication that ranges from moderate to hyper eutrophication (Hughes et al. 2011).
Eutrophication is defined as an increase in tikeuanulation of organic matter in a system

(Nixon 1995). In Elkhorn Slough eutrophication is widespread in the form of dense and
conspicuous algal mats and high chlorophydbncentrations in the water column

To monitor algal mats,ggmanent plots were dablished inside and outside Parsons Slough to
determine if the Parsons Slough Sill has an effect on opportunistic algal cover and biomass in
Parsons Slough. In June and July 2010, 100 m x 50 m (3ppta were established inside
Parsons Slough (N=and control plots were established in the main channel of Elkhorn Slough
(N=4) Figure 9. Permanent plots were sampled approximately once per month for percent
algalcover. Sampling occurred during low tide series (< 0 MLLW) to ensure that water is not
covering intertidal portions of the algal mat. Percent cover was determined using a modified
random point contact (RPC) method described by Newell et al. (2002) and Lauri Green (pers.
comm.). Plots were surveyed fromplandpositions using a rifle scope witnosshairs mounted

to a tripod. Transects were run across the plot area by moving the scope at ~10° angles then
looking through the crosshairs and recording if they hit algae. Transects were run in the entire
plot, ensuring that all areas of the plot werepresented, until 100 points hibeen generated
(Figure 10. Points were tallied to generate a % cover of algae.

Results Results of sampling occurring before, during, and after construction indicate

significant shift in the presence of algal matstime Parsons compleX¥igure 1). Before
construction of the sill, Elkhorn Slough main channel plots consistently had greater % cover of
intertidal algae than plots in the Parsons Complex. In the last month prior to completion of the
sill, the trend switckd to algal cover being greater in the Parsons Complex. However, this trend
did not remain consistent, and from the summer of 2011 until end of year 2013, there is no
significant difference in % cover of intertidal algae between the control plots andith® ip

GKS tFINAE2y Q& O2YLX SE®

Plots continue to be sampled by ESNERR volunteers during spring low tide events. Further
monitoring and analysis can be helpful to determine if the current pattern persists and if the
algal cover is due to the sill or natukadriation. This analysis can be coupled with water quality
monitoring (dissolved oxygen, pH, temperature, and&hb support any conclusions on the
overall effects of the sill.

15
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Figure9. Algal monitoring stations for the Parsons Slough Sill Project. Green balloons indicate sites

within Parsons Slough (treatment), and blue balloons indicate Elkhorn Slough sites (control).

Figure6. Hummingbird Island referencplot, demonstrating the RPC sampling technique wi
94% cover of Ulva lactuca.
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Figurell. Percent cover of macroalgae in 5000’ plots re-sampled from June 2010 to
February 2015Experimental sitesre sites within the Parsons Complex and control sites are
located along the main channel of Elkhorn Slough. The red line indicates when sill
construction ended.

17



Bank erosion

Monitoring description An ESNERRMBNMS team visits about 30 permanent site&lkhorn
Sloughand Parsons Sloudb assess bank erosion rates. This monitoring has occurred since
2001. We assessigiance from permanent staket® bank distance from permanent stake to
vegetation edgewvegetation type and covediff height, maximumundercuttingof cliff, hole
density (small i.e. isopods; large i.e. crabs)

ResultsContinued high rates of bank erosieristin Elkhorn Slough, buitis currentlytoo

soon to determine whether or not theris an diect of the Parsons Slough Sill on rates of
erosion. The monitoring data showed high erosion in the Parsons channel following sill
construction; this erosion seems to be slowing somewhat currently. The data showed an
increase in bank erosion the lower main channel in the most recent period, which is counter
to projected effects of the sill, but this may simply represent noise in the data, not a real trend.
In any case, there has been no sign of improvenmerosion rates, within or outsidie

Parsons complex.

Figure7. Average bank retreat, 20062013, in cm/yr.
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Unexpected Gnsequences

Bank Erosion Around Structure

Hydrologic modifications due to the emplacement of a sill near the Parsons Slough entrance
(railroadbridge) resulted in severe erosion during ebb tidal flow at the mudbank immediately
west of the sill and channel. Our goal was to identify-Bnale erosional patterns and quantify
total volume loss using repeatddgh-resolutionterrestrial LIDARsurveys. Additionally, we

used our results to predict mudbank loss over the coming decade.

18



Using a Trimble VX Terrestrial Laser Scanner (TLS), we surveyed approximafedy the m
mudbank on four separate occasions between April 2011 and January 2018 sghzmimg

ranged between 2 to 5 cm and consisted of tens of thousands of points. EheieAsional

point cloud was cleaned using Trimble RealWorks Survey Advanced software and used to create
a 3D mesh that could be compared over time, resulting in dat@ns of total volume loss. To
create a 16yr prediction of mudbank erosion, contours of the mudbank and pickleweed edge
surface were created using ArcGIS v10.0 for each of the surveys. The April and May 2011
surveys were combined to ensure completeverage of the targeted area. The first contour

line (April/May 2011 survey) was then created and used as the baseline, points were generated
every 5 m along the contour line, and lines were drawn perpendicular to the contour until
bisecting the second caoour line (September 2011 survey) now positioned to the west (due to
erosion). In total, 20 lines were created over a length of 100 m along the mudbank. The lines
were then measured to get a total distance of mudbank reti@satvell as rates of erosioihis
process was repeated in order to calculate the distance between the third contour line (January
2013) and the first. Annual rates of erosion were calculated for each interval and used to
create a 16yr (annual rate x 10) prediction of bank retreatims were smoothed using a

simple moving average (unweighted mean of predicted interval values on either side of a
central value).

Rates of erosion along the 100 m mudbank averaged 1.15 m/yr between April/May 2011 and
January 2013 with a high of 2.83ymin the area midway along the mudbank. Predicted
mudbank retreat for year 2023 averaged 11.6 m for the entire mudbank, with a high of 22.1
meters.
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Figure 13. Mudbank erosion across from the sill with projected erosion in 2023.
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