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TECHNICAL MEMORANDUM

To: Lisa Standley, VHB Date: September 28, 2010
From:  Ryan Davis, Anchor QEA Project: 100710-01.01
Cc: Nathan Kelsall, Anchor QEA
Re: Potential eelgrass mitigation sites
INTRODUCTION

The Massachusetts Port Authority (Massport) recently completed a Draft Environmental
Assessment/Environmental Impact Report (Draft EA/EIR) for the proposed Boston-Logan
International Airport Runway Safety Area Improvements Project (VHB 2010). As described
in the Draft EA/EIR, approximately 66,000 square feet (1.5 acres) of eelgrass (Zostera marina)
may be directly or indirectly impacted by the construction of the runway safety area
improvement project. In order to offset those impacts, Massport has proposed to undertake a
site selection process to identify potential restoration sites in the greater Boston Harbor area

(i.e., Boston Harbor and southern bays).

This technical memorandum describes the results of the initial site selection process
conducted for Massport. The analysis is based on reevaluating potential eelgrass restoration
areas previously identified by the Massachusetts Division of Marine Fisheries (MDMF;
Estrella 2009) and Battelle (Battelle 2009a).

BACKGROUND

Two eelgrass site selection studies were recently completed to identify potential eelgrass
mitigation sites to offset impacts associated with the construction of the HubLine natural gas
pipeline in Massachusetts Bay in 2002 to 2003. One study was led by the MDMF

(Estrella 2009), the other by Battelle (Battelle 2009a). Both site selection studies were based
on modified versions of the Short et al. (2002) eelgrass site selection model, and focused on
physical site characteristics such as light availability, wave energy, depth, and substrate to
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identify eelgrass test transplant sites. Test transplanting was completed in 2004 for the
MDMTF project, with larger scale plantings in 2005 to 2007 at the successful test transplant
locations (Estrella 2009). Test transplanting was completed in 2009 for the Battelle project,
with full scale planting planned for the successful test transplant sites at a later time
(Battelle 2009b).

APPROACH

Anchor QEA used the results from the Battelle 2009 study to re-evaluate the potential sites
selected by MDMF and Battelle to account for actual light conditions in 2009. While there
are numerous factors that can influence the suitability of an area to support eelgrass, light
availability is the most critical factor. When there is insufficient light, eelgrass will not
survive regardless of other site conditions; when there is sufficient light, other factors such as
sediment composition/chemistry and exposure/disturbance become important (Davis et al.
1998; Koch 2001; Short et al. 2002). The two previous site selection models used many of the
same parameters (see Methods section below) and identified several of the same areas as
suitable for eelgrass, with some differences due primarily to predicated light availability. The
Battelle study used light availability as one of the highest weighted factors in their model

(other factors that differed between the models include exposure and desiccation).

Over the course of a few years, factors such as depth, exposure, and sediment composition
are unlikely to change significantly. However, light availability can vary considerably
within and between years due to changes in water quality and tides. In 2009, the period
from early June through July 8 was the coolest, wettest, cloudiest period on record in
Boston.! There were numerous severe storms that produced significant rainfall and
associated runoff (Bluehill 2009). The clouds and wind associated with the storm systems
would have increased turbidity and reduced light availability in the harbor area. In addition,
sea level was documented to be abnormally high in the northeast during this same time
period (National Oceanic and Atmospheric Administration (NOAA) 2009). These factors
likely contributed to decreased light availability and reduced transplant survival at sites that

otherwise had suitable conditions.

1 (http://www.boston.com/news/weather/articles/2009/06/23/so_far_june_sunlight_in_boston_is_

lowest_in_past_century/).
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METHODS
Both the MDMF and Battelle site selection analyses used a modified version of the
Preliminary Transplant Suitability Index (PTSI) model (Short et al. 2002) to score areas of the

bay for eelgrass restoration based on several parameters. Using the PTSI approach, an

individual score is assigned to each parameter, and all of the scores are multiplied, with

higher scores indicating higher site suitability. As a result of the multiplicative approach, if

any one element receives a zero score, the final score is also zero and the site is considered to

be unsuitable for eelgrass restoration.

MDMF Site Selection Model
The MDMF site selection model included:

Depth — Average depth at mean low water was estimated for discrete points from
NOAA electronic navigation chart data and the shoreline shapefile from MassGIS.
Depth for all of Boston Harbor was interpolated using the inverse distance weighting
(IDW) method.

Exposure — Fetch in the northeast direction was used as a surrogate for exposure since
that is the primary direction of winds in the area. Fetch was estimated using the
shoreline cover from MassGIS.

Historical eelgrass distribution — Historical eelgrass distribution was determined from
surveys conducted by the Mass DEP Wetlands Conservancy Program in 1951, 1971,
and 1995.

Current eelgrass distribution — The most recent (2001) Mass DEP Wetlands
Conservancy Program survey was used.

Water Quality — Water quality data from Massachusetts Water Resources Authority
(MWRA) were the primary data set. These were supplemented with measurements
taken by Marine Fisheries eelgrass project staff. Median water quality criteria for
April to October were interpolated using IDW.

Bioturbation — Density of bioturbating organisms (green crabs, skates, etc.) was

estimated from figures in Davis et al. 1998.
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e Sediment type — Sediment composition data were obtained from the United States
Geological Survey (USGS). These data were later found to be inaccurate in the near-
shore zone and the parameter was removed from the model. Instead, extensive

groundtruthing of sediment type at potential restoration sites was performed.

Table 1
MDMF Model PTSI Scoring for Site Selection
Parameter PTSI Scoring
0:<05mor>4m
Depth 1:3-4m
2:0.5-3m
0: gravel or > 70% silt/clay
Sediment 1: coarse sand to very coarse sand
2: < 70% silt/clay to medium sand
o 0: previously unvegetated
o o 1: previously vegetated in 1 survey
Distribution _ .
2: previously vegetated in 2 or more surveys
0: NE fetch > 2724 m
Exposure 1:1866-2724 m
2:< 1866 m
Current SAV 0: currently vegetated
Distribution 2: unvegetated
0: > 1 WQ value does not meet eelgrass requirements
Water Quality 1: all but one requirement is met
2: all requirements are met
0:>1 c:rab,f"m2
Bioturbation 1: 1 crab/m?
2: < 1 crab/m’

Battelle Site Selection Model

The environmental factors in Battelle’s site selection model included:

o Light Availability — The light attenuation coefficient was derived from Secchi depth
readings from MWRA’s Boston Harbor monitoring program and interpolated across
the harbor using IDW at 30 m resolution. The attenuation coefficient was used in
conjunction with depth to determine percent of photosynthetically active radiation

(PAR) at depth according to Lambert-Beer’s Law:
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% PAR = e

attenuation coefficient

Kd
z = depth

For Boston Harbor,
Kd = 1.7/Secchi disk reading

Desiccation — Bathymetric data (depth at mean sea level, 30 m resolution) was
obtained from the NOAA Coastal Service Center. Depth was used to estimate if an
area would be dried out at low tide to the point of killing planted eelgrass.
Temperature — Temperature data were obtained from MWRA'’s Boston Harbor
monitoring program for the period 2003 to 2006. Temperature was later determined
to be non-essential to the model.

Salinity - Salinity data were obtained from MWRA’s Boston Harbor monitoring
program for the period 2003 to 2006. Salinity was later determined to be non-
essential to the model.

Wave energy — Wind speed and direction data were obtained from the National Data
Buoy Center and the National Climatic Data Center. These data were used in the
Wave Energy Model (WEMo) from NOAA (NOAA CFHR 2007).

Sediment Type — Sediment type data were obtained from the USGS. These were
determined to be inaccurate after comparison with more recent surveys. USGS
multibeam data from 2006 were used instead, which classified areas more broadly.
Unsuitable sediment types (anthropogenically modified, high-relief bedrock and
boulder, and medium-relief and cobble) were used to mask out areas unsuitable for

eelgrass restoration.
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Table 2
Battelle Model PTSI Scoring for Site Selection
Parameter PTSI Scoring
0:0-10%
1:10 - 20%
Light Availability 2:20-35%
3:35-50
4:<50%
L 0: at or above -0.3 m MLW
Dessication
1: below -0.3 m MLW
Temperature Eliminated as factor
Salinity Eliminated as factor
0: energies above 475 W/m
Wave Energy

1: energies below 475 W/m

Sediment Type

Areas with Anthropogenic Influence, High
Relief or Medium Relief Cobble were
eliminated as potential restoration sites

To select potential restoration sites, Anchor QEA used the desiccation, percent PAR at depth,

and sediment type parameters from the Battelle model. Wave energy (and exposure) did not

appear to greatly influence the Battelle model results and was not included in the analysis.

We used both the normal and a conservative estimate for PAR at depth, the latter due to the

above average rainfall, cloud cover, and tides observed during summer 2009. Specifically,

percent PAR at depth was recalculated by increasing depth by 0.1 m to simulate the higher

than normal tides, and reducing incoming PAR by 10% as a surrogate for the effect of

increased cloud cover, rain, and wind driven turbidity. The revised model was used to

re-evaluate restoration areas identified by the MDMF model that are not currently slated for

restoration, and the 2009 Battelle test transplant sites that had poor survival results
(Battelle 2009b). Sites with PAR greater than or equal to 20% under both the normal and

reduced PAR scenarios were selected for additional evaluation.

RESULTS

Estimates of PAR at depth are shown on Figures 1 and 2 for the normal and reduced light

conditions, respectively. The MDMF and Battelle sites are also shown on the figures for

comparison. Many locations appear to have marginal light availability under normal
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conditions (e.g., Slate Island, Hull Bay) and are even less suitable under the reduced light
condition scenario. In some instances, slight adjustment to the planting site location may

have improved light conditions (e.g., Hull Bay).

Additional factors that limit site suitability including desiccation, unsuitable bottom type
(i.e., areas of boulder and bedrock), and anthropogenic stressors (i.e., anchoring areas,
navigational channels, and cables) were used to further refine potential locations.

Figures 3 and 4 show the predicted PAR at depth in relation to these additional factors for
the normal and reduced light conditions, respectively.

As shown on Figures 3 and 4, incorporating these additional factors further limits the
number and spatial extent of potentially suitable eelgrass restoration sites. While the
majority of the mapped unsuitable bottom type is located in deeper water, there are
numerous anchoring areas and navigational channels that further limit the spatial extent of

suitable sites.

The results of the revised analysis were used to identify six primary and three backup sites
for additional field evaluation (Table 3, Figures 5 and 6). Three of the six primary sites are
close to test-transplant sites by Battelle and are relatively large areas that have high PAR at
depth, even under the reduced light conditions. Focusing on areas where percent PAR at
depth remains high under the reduced light conditions may allow the establishment of
eelgrass populations where they can withstand the types of stresses experienced in 2009.
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Table 3
Sites Selected for Additional Evaluation
Location Designation Notes
White Head Flats Primary Slightly inshore of Hull Bay site.
Sediments reported to be fine
grained.
World’s End Primary Existing eelgrass bed at outer edge of
site. Need to evaluate potential
shellfishing conflict.
Grape Island Backup Evidence of historic eelgrass bed.

Hough's Neck Primary Battelle reported significant
difference in transplant survival at
shallow and deep edge of site

Hough’s Neck West Primary Northeast of Battelle test planting
site.
Squantum Primary New sites; no test-transplanting data
available.
Old Harbor West Primary Southwest of Battelle site and in area
with higher light availability.
Lovell Island East Backup Point bar to north may reduce
exposure
Lovell Island North Backup High exposure
SUMMARY/NEXT STEPS

Site visits will be completed at the primary sites in mid-October 2010 to collect bathymetric
and sediment data. Backup sites will be used, if needed, if any primary site appears
unsuitable based on field observations. Sediment samples will be used to verify the results of
the site selection model that the substrate is not predominately anoxic mud. Final test
transplanting site(s) will be recommended based on the results of the bathymetric surveys

and sediment analyses.
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