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STATE OF NEW HAMPSHIRE SITE EVALUATION COMMITTEE
RE: Application of Antrim Wind, LLC for Certificate of site and )
facility to construct up to 28.8 MW of wind electric generation )

in the Town of Antrim, Hillsborough County, New Hampshire )
and operate the same (SEC Docket # 2015-02). )

PRE-FILED DIRECT TESTIMONY OF LORANNE CAREY BLOCK

Q: Please state your name and address.

A: Loranne Carey Block, 63 Loveren Mill Road, Antrim, New Hampshire 03440. I have
lived at this address since 1988. Our property consists of 242 south-sloping acres directly
across from and in full view of Tuttle Hill, less than a mile from the proposed wind turbine

site.

Q: Have you previously testified before the Site Evaluation Committee?

A: Yes. [ was an intervenor in SEC Docket #s 2011-02, 2012-01, and 2014-05 as well as
the current Docket # 2015-02. I submitted written and oral testimony in all of the afore-

mentioned dockets.

Q: What are your qualifications to speak to the application presently before the
Site Evaluation Committee?

A: [ have a background in art specializing in design and photography. I have taught
photography and additionally worked in the field of outdoor education. For the past 25
years, [ have operated Snow Star Farm, my own home-based naturally dyed yarn company.
For this work I have been named to the New Hampshire State Council on the Arts

Traditional Artist Roster.
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Q: What conservation efforts have you been involved in over the past 28 years?
A: Beginning in 1990, my husband, Richard, and I successfully initiated the extension of

the Rural Conservation Zoning District north of Route 9 to the town border. This district
was created to “protect, conserve and preserve the remote mountainous portions of Antrim
from excessive development pressures.” This zoning explicitly prohibits all types of

industrial development in this district.

For many years I served on the Contoocook and North Branch Rivers Local Advisory
Committee. In 1999 the Society for the Protection of New Hampshire Forests named us
ongoing informal land stewards for the Nature Conservancy’s Loveren Mill Cedar Swamp
property and the Meadowsend Timberland forestry holding because of our historical,
cultural, and environmental concerns for the region. In 2005-2006 I served on Antrim’s
Open Space Committee. In 2006-2007 I participated in Sue Morse’s Keeping Track training,
a volunteer wildlife monitoring program. In 2008 I completed the UNH New Hampshire

Coverts Cooperator training program.

Q: What is the purpose of this pre-filed testimony?

A: The purpose of this testimony is to provide the Site Evaluation Committee (“SEC”)
with information demonstrating the unsuitability of Antrim Wind’s (“AWE”) proposed

project for the region.

Q: What is your primary objection to the permitting of this project?

A: The siting of an industrial wind project needs to carefully balance with the aesthetic
nature of the area. This project is simply grossly out of scale and just totally inappropriate
for the region. Tuttle Hill is a central focus hill that can be seen from all corners of our

community. It dominates the Rural Conservation District and our local natural resources.

Tuttle Hill rises 610 to 680 feet above the valley floor. Itis not the elevation of the site
above sea level that is relevant, but rather the elevation rise or the difference between the

base of the hill and the summit compared to the height of the turbines that is of paramount
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importance. Using the rise of 610 to 680 feet and a turbine height of 489 feet, one can see
that the turbines are 72% to 80.2% as high as Tuttle Hill.

The SEC, in its 2012 denial of AWE's application for Certificate of Site and Facility,
concluded their Decision by stating “The facility, as proposed in this docket, is simply out of
scale in context of its setting and adversely impacts the aesthetics of the region in an
unreasonable way.” [SEC Docket # 2012-01 Decision and Order Denying Application for
Certificate of Site and Facility, page 70]. The removal of turbine #10 and the only 9%
decrease in height of turbine #9 would have no effect on the visibility of the project and the

impact to most of the region.

Q: What are your concerns for the impact on the local natural resource, the North
Branch River Corridor?

A: As a former member of the North Branch and Contoocook Rivers Local Advisory
Committee, I was able to extensively explore and research the North Branch River. Both the
state and federal governments have long recognized the importance of the North Branch

River Corridor. This corridor gained national recognition from the National Park Service in
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1995 when it was listed on the Nationwide Rivers Inventory as having three Outstanding
Remarkable Values. When compared on a national scale, the river excels in the categories
of Recreation, History, and Botany, making it one of the most valued rivers in New
Hampshire. [See http://www.nps.gov/ncrc/programs/rtca/nri/states/nh.html]. State RSA
483:15 designated the river from Rye Pond in Stoddard to the outlet of Franklin Pierce
Lake as a “Rural River,” affording it special protection. Rural river management, the RSA
says, “..shall maintain and enhance the natural, scenic, and recreational values of the
river...” The U.S. Fish and Wildlife Service and the New Hampshire Fish and Game
Department maintain a public shorebank angling area on the North Branch River at

Loveren Mill Road.

Q: What are your concerns for the impact on the local natural resource, Willard
Pond?
A: Particular concern must be given to the effects on the pristine Willard Pond and its

surrounding protected land. The Appalachian Mountain Club’s Quiet Water Canoe Guide

describes Willard as follows:

This small (100 acre) pond is simply breathtaking. Moss-covered granite boulders dot the
shoreline, which is wooded with mountain laurel, yellow birch, beech, red oak, red maple,
and white pine. The water is crystal clear, letting you see down at least fifteen feet. The
clarity of the water is actually disconcerting, because at first glance a boulder two feet under

water looks as if it's almost breaking the water - then you glide right over it.

Mr. Raphael appears to have totally missed the aesthetic charm of Willard, illustrated by
him trying to compare it to Dublin Lake. On page 128 of AWE’s Visual Assessment, his
caption under a photograph of Willard states: “The primary view as one looks out from the
boat launch at Willard Pond is not one-of-a-kind or strikingly memorable as compared to
other ponds in the study area, such as Dublin Lake with its stunning view of Mount
Monadnock.” Dublin Lake has no public access and is completely surrounded by houses
and roads, including Route 101, the heavily-traveled major east-west state highway and

trucking route for southern New Hampshire.

Willard Pond offers a peace and solitude rarely found in accessible locations. Even on a

most crowded summer day, one can paddle to a quiet cove to experience this. Locals know
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the mid-week quiet days of autumn are extremely special. Willard Pond is one of the finest
natural resources, not only in Antrim, but in all of southern New Hampshire. Any industrial

intrusion would be devastating to its pristine nature.

Q: As a SPNHF steward for the Loveren Mill Cedar Swamp what are your
concerns?

A: The Loveren Mill Atlantic White Cedar Swamp drains into the North Branch River
from the north. According to the Nature Conservancy, Atlantic white cedar swamps are one
of the rarest wetland types in New Hampshire. This 50-acre cedar swamp is the second
largest in the state but rated as the highest quality boreal cedar swamp in New Hampshire
and perhaps in all of New England because of the size of the cedar stand, maturity of cedar
trees (up to 130 years old), abundant regeneration, diversity of associated flora, ecological
integrity of the surrounding landscape, and stable hydrology. Its boreal nature is due to its
relatively high 1083-foot elevation and the surrounding hills which funnel cold air to the
site. A lichen study revealed a number of species that indicate high air quality and lack of
disturbance, largely due to the extensive intact woodland that surrounds and buffers the
swamp. Development, timber harvesting, pollution, and ground water changes are all
threats to cedar swamps. Siting 500-foot turbines less than a mile from this unique natural
feature should be a primary concern and warrant further analysis to determine how

generated turbulence would affect this 4,000 year-old cedar habitat.

We particularly question whether any possible effects the turbines would have on the
Loveren Mill Cedar Swamp Preserve have been thoroughly considered. According to NASA,
aresearch study by the University at Albany finds that industrial wind farms can cause a
local warming effect due to the turbulence in turbine wakes acting like fans to pull down
warmer air from higher altitudes at night. [see Exhibit LB-1] The description on the
Nature Conservancy web page states that the Loveren Mill site exists because “the cedar
swamp is surrounded by high hills that funnel cold air down into the swamp, simulating a
climate found further north and giving the swamp its boreal character.” The turbines
proposed by Antrim Wind to be located less than a mile away from the Cedar Swamp would
be 50% taller and have much larger blades than those in Texas analyzed in the University

at Albany research. There should be extreme concern and further research into the
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possibility that disrupting this delicate balance of conditions could potentially be

disastrous to the health and very existence of this rare 4000-year old treasure.

Q: What are your concerns for the impact on the local natural resource, Gregg
Lake?
A: Antrim is most fortunate to have its town beach located on Gregg Lake. This

beautiful family-oriented area is heavily used throughout the season. A significant
community resource, this lake and the land surrounding it are major assets for the people
of Antrim. From town-sponsored swimming lessons and community-wide picnics to
popular fishing and boating access, Gregg Lake provides a setting for Antrim’s one special
local natural resource which needs to be available to future generations. There would be
no way to eradicate the visual effect of multiple turbines dominating the ridge over Gregg
Lake and the large adjacent Hattie Brown Wetland. Certainly this could never be mitigated
by a one-time payment of $40,000. There is nothing more pleasant than an early evening
paddle around Gregg Lake. One simply cannot imagine how disruptive flashing turbine

lights would be to this experience.

To show this, we, along with NH Audubon, retained the services of T.]. Boyle Associates,
LLC of Burlington, Vermont to prepare an animated simulation of the turbines over Gregg
Lake. This simulation obviously demonstrates the massive impact these huge turbines
would have when placed over the lake. This would be the view from Gregg Lake Road as
one approaches the Town Beach. It should be noted the the turbines would be even closer
and larger when seen from the beach and picnic peninsula. This animation is being
supplied to the SEC as part of the attachments submitted by NH Audubon with their
testimony. Michael Buscher, principal landscape architect of T.J. Boyle Associates has

written testimony and comments for these proceedings. [see Exhibit LB-2]

Q: Do you have other concerns about the aesthetic impact of this project?

A: As overwhelming as the massive scale of these turbines would be to the area,
another very real concern has to be the FAA-required flashing turbine lights. According to
the data requests submitted to AWE, lights on Turbines #1, 3, 4, 6, 7 and 9 will pulse at the
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rate of 30 times per minute, or every two seconds, all in unison.

Driving through the Lowville, New York at night, one is overwhelmed and disoriented by
the synchronized flashing night time turbine lighting. For seven years AWE has promised
that they would employ an aircraft detecting lighting system (“ADLS”). However, when |
recently asked to see their correspondence with the FAA in order to understand how
probable this promise was, | was told in the data request response that “AWE has not
communicated with the FAA about the ADLS to date.” Every presentation [ have heard
given by Jack Kenworthy has mentioned this promise. I find it absolutely shocking that no

action had ever been taken.

Q: If this project were to be constructed, how would it impact you personally?

A: [ have had eight years to “adjust” to the possibility of this industrial wind facility
being built on the Tuttle Hill Ridge. I can say that I feel stronger today than ever before that
if this were to happen, we could no longer live in our house or on any part of our land. I
work at home and am there throughout the day. [ would see and hear at least five turbines
from my living room and kitchen picture windows. We would be subjected to flashing red
lights all night long. Flashing lights and loud noises have long been shown to be effective
torture devices. I have a serious congenital health issue that is caused and further
exacerbated by mental and physical stress and lack of proper sleep. I simply could not live
in my home - a very tragic situation since both Richard and I have looked forward to our
retirement years here. All our assets are in our house and land. Additionally, for the past
16 years we have raised and trained a line of very notable Siberian Husky sled dogs, who
have successfully competed in world class races such as the Iditarod. We are very troubled
about the many questions that have been raised about the potential negative health effects
caused by industrial wind turbines in proximity to dogs and other domestic animals. [see
Exhibit LB-3].

Q: Does this complete your testimony?

A: Yes.



Exhibit LB-1

Wind Turbine Warming Research
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Abstract: Wind farms (WFs) are believed to have an impact on lower boundary layer
meteorology. A recent study examined satellite-measured land surface temperature data
(LST) and found a local nighttime warming effect attributable to a group of four large WFs
in Texas. This study furthers their work by investigating the impacts of five individual WFs
in lowa, where the land surface properties and climate conditions are different from those in
Texas. Two methods are used to assess WF impacts: first, compare the spatial coupling
between the LST changes (after turbine construction versus before) and the geographic
layouts of the WFs; second, quantify the LST difference between the WFs and their
immediate surroundings (non-WF areas). Each WF shows an irrefutable nighttime warming
signal relative to the surrounding areas after their turbines were installed, and these warming
signals are generally coupled with the geographic layouts of the wind turbines, especially in
summer. This study provides further observational evidence that WFs can cause surface
warming at nighttime, and that such a signal can be detected by satellite-based sensors.

Keywords: wind farm impact; atmospheric boundary layer; land surface temperature
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1. Introduction

Wind turbines extract kinetic energy from the atmospheric flow to generate electricity. Consequently,
the spinning blades enhance vertical mixing and increase turbulence within a few hundred meters above
the ground [1]. In a wind farm (WF), the collective effects of multiple turbines can theoretically alter
near-surface atmospheric boundary layer (ABL) fluxes of heat, momentum and moisture, leading to
noticeable changes in local meteorology.

Recent modeling studies [2—5] have simulated local WF impacts by approximating wind turbines as
massless, elevated sinks of kinetic energy and sources of turbulent kinetic energy. Relative warming of
the air below the turbine rotor area at nighttime has been noted, caused by a vertical redistribution of the
air due to turbine-enhanced vertical mixing and turbulence. In a typical nighttime ABL with strong stable
stratification (i.e., 30 /dz >> 0) and laminar low-level flow [6,7], enhanced vertical mixing would act to
bring warm air downward and cool air upward, thus allowing more heat to be transferred from the air to
the radiatvely-cooled ground [3]. Similar vertical redistribution of heat has been found with a large-eddy
simulation of a WF [8]. Impacts of WFs also apply to surface sensible and latent heat fluxes, depending
on the static stability and total water mixing ratio lapse rate of the atmosphere. Nighttime surface sensible
heat flux is typically negative, with heat transport from the atmosphere to the ground, and so WFs
bringing warmer air to the surface makes the surface sensible heat flux more negative [3].

Few studies so far have documented observational evidence of WF impacts on local meteorology.
Baidya Roy and Traiteur [9] observed a slight late-night warming effect of about 1 °C for a small WF in
California by comparing 5-m air temperature measurements from two meteorological towers, upwind
and downwind of the WF, for a 53-day summertime period. Smith ef al. [10] observed a nighttime
warming effect of 1.9 °C for a large WF in the Midwest U.S. by comparing 2-m air temperatures from
a WF-waked area to a non-waked area, for a 47-day springtime period. Rajewski ef al. [11] observed
several individual periods with a significant warming of 1.0-1.5 °C within a group of 13 turbines in a
WF in lowa, using 9-m tower data from a 42-day summertime period. The results from these studies are
significant but only indicate WF impacts from point measurements over short time periods.

Surface measurements near or within WFs are not easy to obtain if the data or WFs are privately
owned, and the spatial and temporal coverage of publicly available data may not be sufficient for
long-term studies of WF impacts on larger scales. Alternatively, satellite-based remote sensing
instruments can consistently provide observations over broad areas for long periods of time. For instance,
Zhou et al. [12] studied nine years of summertime and wintertime land surface temperature data (LST)
from the Moderate Resolution Imaging Spectroradiometer (MODIS) instruments onboard NASA’s
Terra and Aqua satellites. They chose an area centered on a large group of four WFs in Texas that were
built in phases, and they observed a nighttime warming rate of 0.72 °C per decade over the WFs in the
summer, relative to nearby non-WF areas. No significant daytime impacts were found. They ruled out
changes in vegetation greenness, land cover and surface albedo as the possible causes for the warming
signal. Zhou et al. [13] examined seasonal and diurnal variations of such impacts for the same WFs in
Texas. Their results consistently showed a nighttime WF warming of 0.31-0.70 °C across all seasons
for both the Terra and Aqua measurements, with the largest warming effect occurring at ~10:30 p.m. in
the summer. Their results for the daytime were noisy and insignificant. Zhou et al. [14] also ruled out
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the possibility that the warming signal could be an artifact of varied surface topography in and around
the WFs.

The MODIS dataset and methodology used in Zhou et al. [13] are applied here, but for five individual
WFs in Iowa. The Texas WFs examined previously [12—-14] are built on semi-arid grasslands and
complex terrain, whereas the WFs examined here are built mostly on farmlands and relatively smoother
topography. Areas with different land surface properties can have disparate fluxes of sensible and latent
heat. For a field study, Doran et al. [15] found the measured surface sensible heat flux over semi-arid
grasslands to be higher than that over adjacent irrigated farmlands by a factor of four or more, and the
latent heat flux differences were nearly opposite. The effects of these sensible and latent heat flux
differences eventually propagate through the ABL. Because the WFs in Texas and Iowa are built on such
differing land surface types, and therefore have drastically different ABL and climate characteristics, the
primary question of this study is whether the WFs in lowa would yield results similar to previous studies.
This paper furthers the work of Zhou et al. [13] and demonstrates that their results are not unique to the
Texas WFs on semi-arid grassland.

2. Data and Methodology

The five WFs in this study are consistently labeled a through e in all figures and tables. Table 1 gives
the construction dates and number of turbines for each WF. This information is publicly available from
various sources [16]. Figure 1 shows elevation plots for each WF region using GTOPO30 data from the
U.S. Geological Survey [17]. The terrain over each WF region is relatively flat, with the elevation ranges
not exceeding 120 m. The majority of each WF region consists of agricultural land. The precise locations
of turbines in each WF were determined using latitude/longitude coordinates from the Federal Aviation
Administration’s Obstruction Evaluation/Airport Airspace Analysis database (FAA OE/AAA) [18].
Obstructions over a certain height must be reported, and the FAA logs the construction dates and types
of obstructions. The existence of each individual turbine was verified for this study using Google Earth,
and coordinates for nonexistent turbines were removed from the list.

Table 1. Construction dates and number of turbines for each wind farm (WF).

WF a b c d e
Year 2008 2009 2008-2009  2008-2009 2005
Number 76 121 200 224 135

Eleven full years of MODIS 8-day LST data (MOD11A2 and MYD11A2) [19] are used here,
beginning with 2003 when both the Terra and Aqua satellites had complete years of data, through 2013.
Each satellite takes two measurements per day for a given location: Terra at ~10:30 a.m. and
~10:30 p.m., and Aqua at ~1:30 p.m. and ~1:30 a.m., local solar time. Thus, there are two nighttime
measurements and two daytime measurements per day. LST is the radiometric temperature derived from
surface emission and is closely related to land surface radiative properties [20]. The 8-day LST products
are 2—8 day averages of daily products, depending on the gaps in the data, and they represent the best
quality data retrieval possible from clear-sky conditions [21]. The resolution of the MODIS data is
approximately 1 km on a sinusoidal projection, and the data are re-projected onto a 0.01° resolution grid
of pixels that are roughly 1.1 km?. The LST data are produced with various quality flags based on cloud
interference and measurement errors, but no LST data are produced for pixels that are covered by clouds.
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This study uses all available LST data (i.e., all data not flagged with bad quality), allowing the highest
number of pixels to be used. Additionally, data with different quality controls are examined. The higher
quality assurance criteria include fewer composites in the 8-day LST averages.

Figure 1. Topography for each WF (a—e) in terms of the deviation from the mean elevation
(m) over the region. Black dots represent individual turbines.
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Pixel-level anomalies were produced for each season, year and MODIS measurement time. First,
monthly means were calculated using the 8-day LST data. Monthly climatology values were calculated
from the monthly means. Then, monthly anomalies were calculated by subtracting the monthly
climatology from each pixel. Seasonal means and anomalies were created by combining monthly values,
i.e., winter is Dec-Jan-Feb (DJF), spring is Mar-Apr-May (MAM), summer is Jun-Jul-Aug (JJA), fall is
Sep-Oct-Nov (SON), and an annual average (ANN) for all months.

Two methods are used to assess WF impacts on LST at pixel- and region-aggregated levels for each
season. The first method calculates the pixel-level LST differences between the later years’ mean
anomaly values (after WF construction) and the earlier years’ mean anomaly values (before WF
construction). For example, for a WF built in 2008, it is the anomaly difference between (2009-2013)
and (2003-2007). By plotting pixel-level LST anomalies, spatial patterns in the LST changes can be
compared to the geographic layouts of the WFs. Each WF has a unique geographic layout of turbines,
therefore any WF impacts should resemble the WF layout to some extent. The second method calculates
the difference between the mean anomaly value over wind farm pixels (WFPs) and the mean anomaly
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value over nearby non-WF pixels (NNWFPs), for each year. Pixels with one or more turbines present
are defined as WFPs, and NNWEFPs are selected in an area around the WFPs that is 3—4 pixels wide and
3—4 pixels away from the nearest WFPs, so the immediate surroundings are represented without being
impacted by the WFs. This leaves about 3—4 km between the WFPs and NNWEFPs, which is enough
distance for the WF wake to no longer be detectable [10]. Figure 2 shows plots of WFPs and NNWFPs
for each WF region. Both methods are beneficial because they use data over a large spatial domain for
a long period of time. However, throughout the long period of the data there are undoubtedly days when
the WFs may not have been fully operational, whether for weather or maintenance reasons, but there is
no way to filter non-operational days from the 8-day LST product. Assuming it is unusual for a WF to
be non-operational, those days should not have a significant impact on a long-term averages.

Figure 2. Wind farm pixels (WFPs) in orange, containing at least one turbine, and nearby
non-wind-farm pixels (NNWFPs) in green, for each WF (a—e). The pixel resolution is 0.01°,
or roughly 1.1 km?.
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3. Results and Discussion

Figure 3 shows the pixel-level LST anomaly differences, post- minus pre-turbine-construction years,
for each WF for JJA at ~10:30 p.m. Note that a regional mean value is removed from the LST anomaly
difference to highlight the pixel-level LST changes relative to the regional mean [13]. Thus, the red
contours indicate areas where the LST anomaly difference between later years and earlier years is greater
than the region-average LST change, while the blue contours are areas with LST anomaly differences
below that average. There is a relative warming effect for each WF, indicated by positive anomalies of
0.12-0.44 °C, that is spatially collocated with the turbines. This spatial coupling suggests that the WFs
are likely causing the warming effect, which is consistent with previous studies. Figure 4 shows the same
pixel-level anomaly differences as Figure 3, but for an average of MAM and SON. The DJF plots are
very noisy compared to the other seasons, with practically no LST anomaly signals that are spatially
coupled with the WF layouts, and are therefore not included. Significant high-frequency LST variability
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due to extreme weather events such as cold fronts and the associated changes in land surface properties
(e.g., snow cover) likely mask any small low-frequency WF-induced warming signals in DJF. Figure 4
demonstrates that the nighttime WF-warming effect does not occur only in the summer, but compared
with Figure 3 it is evident that JJA is the best season for noticing warming effects that are spatially
coupling with the layouts of the WFs.

Figure 3. Pixel-level anomaly differences, post- minus pre-turbine-construction years, for
each WF (a—e), for Jun-Jul-Aug (JJA) at ~10:30 p.m. Black dots represent individual
turbines. Note that a regional mean value is removed from the land surface temperature (LST)
anomaly difference to highlight pixel-level LST changes relative to the regional mean [13].
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In both Figures 3 and 4, there is a small area of strong negative anomalies in excess of —0.44 °C just
north of WF e. This feature was investigated further, and it is attributed to a small lake with relatively
warmer anomalies in earlier years, thus making the anomaly difference negative. The change in the
lake’s signal could be due to a change in water surface area, but further speculation is beyond the scope
of this study. There are other non-WF areas in each region with warming and cooling anomalies
associated with either natural LST variability and/or errors due cloud and aerosol contamination [13].
A low-pass filtering technique such as empirical orthogonal function (EOF) analysis can reduce
high-frequency LST variations and leave some persistent WF-warming signals [14]. Nevertheless, the
spatial and temporal averaging used here should remove most high-frequency signals in the data, and
the remaining residuals cannot coincidentally create the strong spatial coupling between the warming
signals and the turbines [13].
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Figure 4. Pixel-level anomaly differences, post- minus pre-turbine-construction years, for
each WF (a—e), for Mar-Apr-May (MAM) and Sep-Oct-Nov (SON) at ~10:30 p.m. Black
dots represent individual turbines. Note that a regional mean value is removed from the land
surface temperature (LST) anomaly difference to highlight pixel-level LST changes relative
to the regional mean [13].
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Figure 5 shows the interannual variability of the difference between WFP and NNWFP LST
anomalies, for each WF at ~10:30 p.m. in JJA, as well as MAM and SON. Positive values indicate that
WFP anomalies are greater than NNWFP anomalies. Vertical reference lines indicate turbine
construction years. The positive shift (0-0.20 °C) in the WFP-NNWFP LST anomaly differences after
turbine construction, relative to the negative values (—0.20—0) before turbine construction, indicates that
WEPs undergo a relative warming rate compared to the NNWFPs, which is consistent with the findings
of Zhou et al. [13]. These areal mean warming values are slightly smaller in magnitude compared to the
maximum warming signals in the pixel-level anomaly differences because stronger warming anomalies
tend to occur in the middle of the WFs, where the collective wake effects are larger, whereas the warming
anomalies tend to be weaker closer to the edges of the WFs.

Table 2 shows mean WFP-NNWFP LST differences (in degrees Celsius) from before to after turbine
construction, for MAM, JJA and SON at ~10:30 p.m. Positive values represent a mean warming effect
over the WFPs relative to NNWFPs in later years compared to earlier years. Nearly all the seasons for
each WF show positive values. For reasons discussed previously, Table 2 excludes values for DJF, and
therefore ANN as well. The WFP-NNWFP LST difference values in DJF are not as meaningful as the
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values for the other seasons which had good spatial coupling between the warming signals and the WFs.
The WFPs and NNWFPs are chosen in a way such that spatial patterns in LST changes could be
quantified. Without a spatially coupled signal, positive and negative values do not indicate any sort of
WF-warming or cooling effects, only that the detected LST variability over the chosen pixels yielded
such a number. With that in mind, the negative value in Table 2 for WF » in MAM does not necessarily
mean there is a WF-cooling effect, but rather that in the absence of any discernible WF signal the natural
LST variability over WFPs and NNWFPs might happen to yield a negative value. Seasonal variations

of the ABL likely contribute to these varying signals or lack thereof.
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Figure 5. Interannual variability of the WFP-NNWFP mean LST anomaly difference at
~10:30 p.m. for JJA (solid) and MAM and SON (dashed), for each WF (a—e). The vertical
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Table 2. Mean WFP-NNWFP LST anomaly differences for each WF at ~10:30 p.m. Values

are calculated as the difference between mean WFP-NNWFP differences after and before
turbine construction.

WF

b

d

c e
MAM 0.037 —0.093 0.152 0.213 0.365
JJA 0.184 0.227 0.119 0.143 0.259
SON 0.202 0.181 0.181 0.238 0.485
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The results thus far have used all data without any quality flags. LST anomalies over each WF were
also examined using different quality assurance (QA) controls. Altering the QA criteria can improve the
overall LST data quality, but the number of LST retrievals used for spatial and temporal averaging is
reduced, consequently resulting in uncertainties in LST variations due to the sampling heterogeneity
over different periods and different pixels [13]. Figure 6 uses WF d, the one from this study with the
most turbines, as an example for plotting pixel-level LST anomaly differences using only the highest
quality data. It demonstrates that the WF-warming signals at ~10:30 p.m. are robust when using different
QA criteria, and it supports the conclusion from previous figures that JJA is the best season for detecting
such a signal. Table 3 is the same as Table 2, except it uses three different sets of QA criteria. WFs b
and ¢ have negative values with various QA criteria, and as described before, the negative values do not
necessarily indicate a WF-cooling effect.

Figure 6. Pixel-level anomaly differences for WF d for JJA (left) and MAM and
SON (right), at ~10:30 p.m., with quality assurance criteria only allowing for pixels with

the best quality.
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Table 3. Mean WFP-NNWFP LST anomaly differences at ~10:30 p.m. for each WF, using
the following quality assurance criteria: only the best quality pixels (QA), any quality pixels

with LST errors <1 K (QA 1), and any quality pixels with LST errors <2 K (QA 2).

QA a b c d e
MAM 0.086 —0.288 0.198 0.046 0.296
JJA 0.148 0.175 0.099 0.268 0.171
SON 0.079 0.203 —0.255 0.264 0.474
QA1 a b c d e
MAM 0.086 —0.286 0.198 0.048 0.296
JJA 0.148 0.175 0.099 0.268 0.171
SON 0.079 0.203 —0.255 0.264 0.474
QA2 a b c d e
MAM 0.036 —0.093 0.174 0.213 0.467
JJA 0.184 0.227 0.119 0.143 0.259

SON 0.202 0.179 0.181 0.238 0.471
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The lack of signal in DJF suggests that the overall wintertime ABL in Iowa is not favorable for
allowing WF impacts to be observed with these methods, presumably because the near-surface ABL
characteristics and land surface properties in winter are dramatically different from other seasons. In
contrast, the negative values in MAM for WF b and SON for WF ¢ suggest that the ABL conditions in
those particular regions are not favorable for observable WF impacts in those seasons, rather than the
problem being specific to those seasons in general.

All seasons and MODIS measurement times were examined for WF impacts, and a nighttime
warming was observed. An opposite scenario for daytime cooling was not observed for any WF, likely
because enhanced mixing from turbines would have very little effect on a typical daytime ABL that is
turbulent and already well-mixed (i.e., 36/0z ~ 0) [3,9]. MODIS LST changes at ~1:30 a.m. were also
examined, and warming signals were found to be smaller and less spatially coupled than those at ~10:30 p.m.
(figures not shown). Consistent with Zhou et al. [13], the results for each WF were better in JJA than in
other seasons, and at ~10:30 p.m. than later in the nighttime at ~1:30 a.m. These results raise new
questions about the differences in the nocturnal ABL between the ~10:30 p.m. and ~1:30 a.m. MODIS
measurement times, and how such differences affect WF impacts. The nocturnal ABL can be
complex and difficult to diagnose or predict due to night-to-night variability in turbulent and radiative
cooling processes [22—24]. These questions will be addressed in future work using observational data
from tall towers.

Zhou et al. [14] determined that their observed WF warming signals were not an artifact of the
topography. The topography over the WFs in this study, which is fairly flat relative to the terrain on
which the Texas WFs are built, did not appear to have any effect on the LST anomaly differences.
Zhou et al. [12] determined that small changes in land surface properties could not account for the
warming signals that they observed over WF pixels. No significant changes in land surface properties
were noticed over the WF regions in this study, so the nighttime warming signals shown in these results
are very likely caused by operational wind turbines. The WF-warming signal magnitudes observed here
are slightly smaller than the magnitudes observed in Zhou et al. [13]. This discrepancy is likely due to
ABL differences between the semi-arid Texas grasslands and the lowa farmlands, as those two land
surface types have disparate surface sensible and latent heat fluxes [15]. The Texas WFs are grouped
together and have more turbines than all of the lowa WFs. The number of turbines in this study ranges
from 76 to 224 (Table 1), whereas the total number of turbines investigated by Zhou et al. [12—-14] was
2358. Lu and Porté-Agel [8] noted that different turbine spacing can cause different WF effects on ABL
turbulence intensity, so the smaller number of turbines and different spacing in the lowa WFs could
contribute to the smaller magnitudes of the warming signals as well.

4. Conclusions

Observing local WF impacts is important because of the potential impacts of large-scale wind power
use on global climate [25-27]. For WFs built on croplands, their impacts on local meteorology also have
implications for agriculture, as vertical fluxes of heat, moisture, CO2, and momentum can have an effect
on crop growth [11]. Different parameterizations of WFs in models do not always agree [28], so
understanding observed WF impacts can help improve model representations of WFs. Using two
different methods and eleven years of MODIS LST data, this study has provided evidence of
WF-induced surface warming at nighttime over five individual WFs in Iowa. This effect has been



Remote Sens. 2014, 6 12244

predicted by several previous studies and observed by a few. The same dataset and methodology as
Zhou et al. [13] were used here, but for other locations with different topography and different land
surface properties. The results presented here agree with their results, showing that the WF warming
signal is not unique to their study region. The nighttime WF-warming signals occur in each season except
DIJF, which creates a discrepancy between this study and Zhou et al. [13], likely due to the differences
in land surface properties and local climate. The best signal occurs in JJA at ~10:30 p.m., in agreement
with Zhou et al. [13]. Seemingly, the ABL characteristics and land surface properties in summertime at
about 10 p.m. are the most favorable for allowing such WF impacts to be observed with the given data
and methodology.
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Michael Buscher Testimony



New Hampshire Site Evaluation Committee
21 South Fruit Street, Suite 10
Concord, NH 03301

23 May 2016
Dear Members of the Site Evaluation Committee,

Please see the enclosed pre-filed testimony and accompanying materials from Michael
Buscher of T. J. Boyle Associates re SEC Docket 2015-2 (Antrim Wind Energy LLC) . Note
that Mr. Buscher’s testimony and accompanying materials are on behalf of both the
Audubon Society of New Hampshire (“ASNH”) and the Non-Abutting Property Owners
Group (“Group”). In particular, with respect to Willard Pond, Mr. Buscher’s input is on
behalf of ASNH, and with respect to Gregg Lake, his work is on behalf of the Group.

Sincerely,

Guot K oo

Carol R. Foss
Senior Advisor for Science and Policy



THE STATE OF NEW HAMPSHIRE
SITE EVALUATION COMMITTEE
DOCKET NO. 2015-02
APPLICATION OF ANTRIM WIND ENERGY, LLC
FOR A CERTIFICATE OF SITE AND FACILITY
PRE-FILED DIRECT TESTIMONY OF MICHAEL J. BUSCHER

ON BEHALF OF THE AUDUBON SOCIETY OF NEW HAMPSHIRE
May 23, 2016

Qualifications of Michael J. Buscher

Q. Please state your name and business address.

A. My name is Michael J. Buscher and my business address is 301 College Street, Burlington,
VT 05401.

Q. Who is your current employer and what position do you hold?

A. T am employed at T. J. Boyle Associates, LLC, Landscape Architects and Planning Consultants. I
am a professional landscape architect and owner of the firm.

Q. Please summarize your educational and professional background and experience.

A. I received my bachelor’s degree in Landscape Architecture from the Department of Landscape
Architecture at the Pennsylvania State University in 1998, an accredited five year degree
program. After graduating, I worked as a landscape architect in the greater Washington D.C.
metropolitan area. In 2001, I moved to Vermont and joined T.J. Boyle Associates. In 2007, I
became an owner of the firm. As part of my responsibilities at T. J. Boyle Associates, I have
managed several project to assess aesthetic or visual impacts of proposed utility projects,
including several electrical generation and transmission projects. As part of these assessments
my office regularly prepares visualizations to help portray the visual conditions after a proposed
project is constructed. A copy of my resume is attached as Exhibit MJB-1.

Q. What is the purpose of your testimony?

A. T.J. Boyle Associates, LLC was specifically retained to prepared video animations of the



proposed Antrim Wind Energy, LLC project (the “Project”). My testimony will introduce the
exhibits prepared, explain the methodology to prepare the video animations, and describe how the
animations and other exhibits should be properly viewed.
Q. Please describe the exhibits being introduced through your testimony.
A. T.J. Boyle Associates have prepared two video animations of the proposed Project. These are
being provided digitally and are listed as follows.
Exhibit MJB-2 — Willard Pond Video Animation
Exhibit MJB-3 — Gregg Lake Video Animation
To have a ‘printable’ representation of the video animations, I am also introducing two single-
frame photographic simulations that were created from still-frames exported from the video
animations. These are included as:
Exhibit MJB-4 — Simulation 1: Willard Pond
Exhibit MJB-5 — Simulation 2: Gregg Lake
Q. Please describe the methodology employed in creating the video animations.
A. The first step in creating the video animations was to capture appropriate photography of the
views to be used in the animations. A field investigation site visit was conducted on May 10,
2016. Photography was captured with a Nikon D7000 digital single-lens reflex camera
(“DSLR”) with a Nikkor DX AF-S 35mm prime lens. The lens is a fixed focal length lens with a
35mm equivalent focal length of 52.5mm. The camera was mounted on a tripod at approximately
five and one-half feet above ground. Photo locations were documented with a Garmin GPSMap
64st unit. The coordinates for the two photo location are listed on the still-frame photo
simulations.

Next, a digital three-dimensional model was created to replicate the Project and
surrounding landscape in a virtual environment. AutoCAD 3ds Max, a professional 3D computer

graphic program was used to create the digital model. Information included with the Project



application was used to model and locate the proposed turbines and a proposed permanent
meteorological tower. The 3D model also includes the surrounding landform and other reference
items, such as the shoreline or other landscape features visible within the captured photography
and could be located accurately with aerial photos. Next, a virtual camera is setup at each of the
viewpoint locations. Camera information, date, time of day and location data are used to
replicate the view captured in the field with the virtual view in the 3D model. The photograph
and virtual view are then registered with one another using topography, shorelines and other
landscape features included in the 3D model. Once the alignment of the 3D view exactly
replicates the photographic view, animation data for the turbines was included in the model. The
turbines are shown moving at 12 revolutions per minute. At this point, the 3D view is exported to
be overlaid on the original photograph.

The model view of the animated turbines was exported from AutoCAD 3ds Max as a
sequence of PNG image files. The sequence of images was then important into Adobe Photoshop
as a video sequence at 30 frames per second. The resolution of the imported video sequence
matches the resolution of the original photographic image to maintain the proper alignment. The
photographic image is then added behind the video sequence. At this point, a full image of all the
turbines are represented in the video. Masks within Photoshop were applied to remove portions of
the turbines and rotating blades that will be screened by intervening landform and vegetation.
Other post-processing is done at this time, such as an introductory view that identifies the location,
distance to nearest turbine, turbine type, and rotation speed. Once all components are completed,
the videos were exported from Photoshop to an MP4 file, which can be played by most video

viewers at a resolution up to 3479-by-2304 pixels.

Q. Please describe how the video animations and photo simulations should be properly viewed.

A. In order to allow the animations or simulations best represent how the proposed Project will



appear from these locations if it were constructed, it is important to view these visualizations at
the proper perspective and at the highest resolution possible. If the following directions are
followed, the wind turbines will be seen with an appropriate visual scale. The rule-of-thumb to
determine the proper viewing distance of a single-frame simulation (or animation) with a 40°
horizontal and 27° vertical angle of view (i.e., a “normal” lens) is approximately twice the
image’s height—if the full image is 10 inches high, then the eye should be approximately 20
inches from the page or screen. The actual formula comes from Stephen R. J. Sheppard’s 1989

book, Visual Simulation: A User’s Guide for Architects, Engineers, and Planners, page 185:

Correct Viewing Distance = (% Simulation Width) / Tangent (1/2 Desired Viewing Angle)

If a computer is used to view the simulations or video animations, then the monitor should
be set to its highest resolution available and the viewing software should be set to full screen
mode. The static simulations are designed to be printed on tabloid size paper (11-by17 inches)
with a bright white paper intended for printing color photographs using the highest resolution and
color settings available.

Q. Does this conclude your testimony?

A. Yes.
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The image above is a +/- 260° Panoramic view from the northern shore of Gregg Lake, panning from south (left) to east (right). The white rectangle at the center of the photo represents the extent of the simulation photo.

General Information

Context Map

East

Base Photography

Date: May 10, 2016

Time: 9:55am

Image Size: 4,928 x 3,264 pixels

Camera Properties
Camera Make/Model: Nikon D7000
Sensor Dimensions: 23.6 mm x 15.6 mm
Lens Make/Model: Nikkor DX AF-S 35 mm
Lens Focal Length: 35 mm
35 mm Equivalent Focal Length: 52.5 mm
Approximate Angles of View:

37° wide and 25° high

Viewpoint Information

Location: Gregg Lake, Antrim, NH
Latitude: 42.863355°

Longitude: -71.879331°

Viewpoint; 2

Viewpoint Elevation: 1,072.0 feet (Approx.)
Photo Number: 15

Orientation: Looking Northwest

Simulation Viewing Notes

The simulation is properly printed on
an 11-by-17 inches sheet at actual
size. The simulated image is at the
proper perspective when viewed at
23.5 inches from the eye and viewed
at a distance of approximate twice
the image height. If viewed on a
computer monitor, use the highest
screen resolution.

Sheet Information
Sheet 1
Information Sheet

Sheet 2

Existing Conditions

View looking directly towards the Project, as represented by the
white rectangle in the panoramic view above.

Sheet 3
Simulated Conditions looking at the proposed wind turbines.
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Exhibit LB-3

Animal Deaths Article



Wind turbines = animal deaths and
deformities?

New Falcon Herald - Lindsey Harrison - May 8, 2016

Noise Colorado

Sandy Wolfe, another resident living within the wind farm project’s
footprint, said she has experienced many physical ailments since the
turbines became operational, and noticed that her animals were
experiencing some of the same ones. “My dog Hank was so strong,
and everybody was amazed at how strong and agile and competent
he still was,” she said. “When | started having nosebleeds in
September, he did, too. Mine subsided because | started sleeping in
my truck, ...Wolfe said Hank died this past winter. He was one of three
dogs that has died since September, she said.

Coincidence? Stats and reports say no

On June 7, 2014, 1,600 mink cubs were born prematurely at a mink farm in Denmark following
the installation of four industrial wind turbines less than 1,600 feet away. Many had deformities,
and most were stillborn. Photos submitted The Golden West Wind Energy Center in Calhan,
Colorado, which consists of 145 453-foot tall industrial wind turbines, has been fully operational
since October 2015. Residents living within the wind farm project’s footprint have reported
negative physical and psychological effects from the turbines. Concern has now shifted to the
suspected effects the turbines are having on the animals in the area.

According to the September 2015 issue of “The New Falcon Herald,” the effects on humans
range from dizziness and nausea to concerns about dirty electricity and the potential for the
electromagnetic waves to cause an irregular heartbeat, or atrial fibrillation.

Domestic animals are in grave danger, too, based on worldwide accounts.

According to an article published on the World Council for Nature’s website June 7, 2014, a
mink farm in Denmark suffered a huge hit when 1,600 mink cubs were born prematurely
following the installation of four industrial wind turbines less than 1,600 feet away. “Many had
deformities, and most were dead on arrival,” the article states. “The lack of eyeballs was the
most common malformation. Veterinarians ruled out food and viruses as possible causes. The
only thing different at the farm since last year has been the installation of four large wind
turbines only 328 meters away.”

C.C. (she requested the NFH use only her initials), a resident within the wind farm project’s
footprint, said the aforementioned incident does not surprise her. Since Sept. 17, 2015, she and



her family have lost 12 animals. Most recently, her horse gave birth to a stillborn foal.

She knew her horse was going to give birth soon but was not expecting it so suddenly, C.C.
said. “l went out there to see that the mama had lost weight, and then | saw the baby out there
on the ground,” she said. “The placenta and the baby were both lying there. Usually, with any
animal like that, the placenta stays connected internally (to the mother) for about 30 minutes or
so after the baby is born.”

Her vet examined the foal and determined that the baby had never taken a breath, she said.
The baby was fully developed and just a bit premature, but what was notable was the unusual
thickness of the placenta, C.C. said. “The vet’s notes say that she was stillborn and premature,
due to placental thickening, but the cause is undetermined,” she said.

Aside from the stillborn foal, C.C. said she has noted multiple animals with various deformities
or abnormalities. “We have one goat that is six weeks old and has four teats instead of two,” she
said. “The gestational period for a goat is only five months so she was developing in her
mother’s womb while the turbines have been going. We had a duck go totally blind. We had a
rooster that was healthy one day and then dead the next. Our dog ended up with mastitis but
she has not had puppies in eight years so the vet said there was no reason for that. The same
dog developed a swollen liver and fluid around her heart so she was in congestive heart failure.
Seventy-nine days after they turned these turbines on, she died.”

Sandy Wolfe, another resident living within the wind farm project’s footprint, said she has
experienced many physical ailments since the turbines became operational, and noticed that
her animals were experiencing some of the same ones. “My dog Hank was so strong, and
everybody was amazed at how strong and agile and competent he still was,” she said. “When |
started having nosebleeds in September, he did, too. Mine subsided because | started sleeping
in my truck, but his never really stopped. When my ears started hurting, his ears starting
hurting.”

Wolfe said Hank died this past winter. He was one of three dogs that has died since September,
she said.

Psychological effects of wind turbines on animals have also been documented. In an open letter
to the Australian Medical Association that was posted on the World Council for Nature’s website
on March 31, 2014, the WCFN wrote about an episode at another mink farm in Denmark that
occurred three months prior to the other mink farm incident. “The animals became aggressive,
attacking one another, and resulting in many deaths,” the letter states.

Pam Phillips, another resident living within the Calhan wind farm’s footprint, said she has a
turbine about 502 yards outside her front door and has noticed a marked change in the
demeanor and behavior of some of her animals. “Our huge 135-pound Newfoundland dog will
not go outside anymore unless we literally drag him out,” she said.

Phillips said she has a bull that she puts into the pasture with her cows, and he no longer seems
to have any interest in interacting with them, which is unusual. He was always very active when
the turbines were not around, she said.

Most disturbing is the sudden change in her 19-year-old mare, which she has had since the
mare was 6 years old, Phillips said. “She is calm one minute and then, out of nowhere, she will



blow up and take off, or buck or duck her head and dump me off the side,” she said.

Phillips said she used to let kids ride the horse but cannot any longer because it is not safe. “I
have never had issues with her before,” she said. “It is not like | just bought her and she is trying
to get used to me. It is completely out of character for her.”

Wolfe and C.C. both said it feels like their lives are falling apart around them. “I have lost all
these pets since these things (the turbines) have turned on,” C.C. said. “Prior to that, we lost
maybe one pet per year, if that.”

Gavin Wince, another Calhan resident who lives within the wind farm project's footprint,
said,"Several acoustic and medical studies are being conducted. Infrasound pulses emanating
from the Golden West wind turbine array have been confirmed by measurements made in
several neighboring homes and along public roads. The soon-to-be-released infrasound health
study findings are expected to vindicate many Calhan residents’ claims about health impacts.”

Source: http://www.newfalconherald.com/index.php?Month=05&PrintDay=07&Year=2016





