


PETITION NO. 1195 -- SOLARCITY CORPORATION 
DEVELOPMENT AND MANAGEMENT PLAN 

FEBRUARY 9, 2016 

 

a) A final plan of site development to include specifications for the solar panels, supporting 
infrastructure, electrical equipment, equipment compound, access, including fencing and 
entrance gates, and maintenance roads, utility connections, and landscaping -- See 
attached Exhibit A, Site Development Plan. 

b) Construction details for site clearing, site phasing, grading, water drainage, and erosion 
and sedimentation controls consistent with the 2002 Connecticut Guidelines for Soil 
Erosion and Sediment Control, as amended -- See attached Exhibit A, Site 
Development Plan.  

c) Report regarding Natural Diversity Database plants in the vicinity of the project and 
plans to protect such species in the vicinity of project, as applicable – See attached 
Exhibit B, Rare Plant Report and Exhibit A, Site Development Plan, Sheet 9. 

d) Plans to protect the bald eagle and other breeding birds including plans to relocate the 
osprey nesting platforms in consultation with the Department of Energy and 
Environmental Protection -- Exhibit A, Site Development Plan, Sheet 5 and Sheet 6. 

e) A final Stormwater Management Report and associated site plans stamped by a 
Professional Engineer -- See attached Exhibit C, Stormwater Management Report. 

f) Final wetland and vernal pool protection and reforestation plans -- See attached Exhibit 
D, Wetland and Public Water Supply Protection Program and Exhibit E, Tree 
Count Investigation & Replanting Assessment. 

g) Construction work hours and days of work -- Hours of operation for the driving of the 
support posts will be limited to 8:00am-5:00pm, seven days a week.  Other general 
site activities will occur as proposed between 7:00am to 7:00pm, seven days a week. 
These work hours are consistent with information received from the Town of 
Groton’s Manager of Inspection Services. Please note that the on-site work is 
expected to take approximately 12 weeks.  

h) All Points Technology has been assigned as the environmental monitor for the project. 

i) Note on disposal of wood chips - All wood chips generated by the proposed project shall 
be removed off site for proper disposal.  Spreading of wood chips on site can adversely 
affect soil conditions, resulting in potential impact to rare plant species known to occur 
within the Project Areas. 

As a majority of the listed rare plant species occur in sandy exposed soils, spreading of 
wood chips on-site will impact these types of potential habitats in two ways.  First, wood 



  

chips would shade out potential habitat and smother either existing rare plant 
occurrences, or reduce the quality for potential future volunteer rare plant species that 
occur in these open sandy/barren soil types.  Secondly, wood chips will eventually 
decompose releasing nutrients into the nutrient poor top soil that is preferred by the rare 
plant species.  Release of nutrients would promote growth of less desirable grass and 
weed species that would outcompete and displace rare plant species.  Therefore, in order 
to protect existing and future rare plant species habitat, all wood chips generated by the 
project shall be removed off-site for proper disposal. 

  



  

EXHIBIT A – Site Development Plan 
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EXHIBIT B – Rare Plants Report 

  



 

 

William H. Moorhead III 

Consulting Field Botanist 

486 Torrington Road 

Litchfield, Connecticut  06759 

Phone and Fax: (860) 567-4920 

Cell: (860 543-1786 

Email: whmoorhead@optonline.net 

 

 

 

20 January 2016 

 

 

All Points Technology, P. C. 

3 Saddlebrook Drive  

Killingworth, CT 06419 

 

 

To Whom it may concern, 

 

I am writing report the results of my rare plant survey and potential habitat assessment at 

the site of the proposed Brightfields Solar Array at 1240 Poquonnock Road, on City-

owned property in Groton, Connecticut, and recommend mitigation that would minimize 

the potential impacts of the rare plant occurrences, known and potential, at the site if the 

solar array was constructed, at least in largest part, this spring. 

 

I am a consulting field botanist with 28 years of experience conducting surveys for rare 

plants and plant communities in the Northeast, the bulk of that time working in 

Connecticut.  I was commissioned in December 2015 to: 

 

1) conduct a survey for any of the below-listed State-listed
1
 plants that could be 

detected in December, under the current conditions in the areas (the “Study Area”, 

hereinafter) depicted in Attachment 1 ; 

                                                 
1
 “State-listed plants” are those species listed in the Regulations of the State of Connecticut R.C.S.A. Sec. 

22a-306-4 through 22a-306-6 as “Endangered Species”, “Threatened Species”, or “Species of Special 

Concern” 
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2) to attempt to assess whether, in my opinion, potential habitat exists in the Study 

Area for those of the below-listed plants that cannot be reliably detected in 

December, under current conditions at the site, and assess the likelihood that these 

plants occur on the site; 

3) Develop, if possible, suggestions for an approach to construction and mitigation 

measures that would maximize the likelihood that the solar array could be 

constructed in spring 2016 without significant harm to known and potential rare 

plant occurrences at the site. 

 

The 11 rare plants addressed by this survey and potential habitat assessment were 

identified in a communication from Nelson DeBarros, Botanist/Ecologist, Connecticut 

Department of Energy and Environmental Protection’s Natural Diversity Data Base 

(CTDEEP-NDDB) to All Points Technology Corporation (APT) in November 2015.  The 

11 rare plants are listed in Table 1, below. 



 

 

Table 2.  Survey Target Plant Species at Proposed Brightfields Solar Panel Site at 1240 Poquonnock Road, Groton, CT. 

Sp
ecie

s 

In
d

ex # 

SCIENTIFIC NAME COMMON NAME 

LISTIN
G

 
STA

TU
S

1 

YEA
R

 LA
ST 

O
B

SER
V

ED
 

C
A

. SITE 

HABITAT AFFINITY IN CT 
(note: all species are 
evidently light-demanding) 

DETECTABILITY IN DECEMBER AT 
THIS SITE 

1 
Carex oligosperma Few-seeded sedge SC* 1909

2
 

Bog-like wetlands Probably good in not-recently 
mowed habitat 

2 
Cuphea viscosissima Blue waxweed SC* 1905

2
 

Upland, probably restricted 
to dry, sandy sites 

Unknown 

3 

Eleocharis quadrangulata 
var. crassior 

Square-stemmed 
spikesedge E 2014 

Wetlands and sandy or 
peaty shores, especially 
seasonally 
flooded/exposed  

Good 

4 
Eupatorium album White thoroughwort E 2015 

Dry, sandy and rocky 
upland 

Good in not-recently-mowed 
habitat, poor otherwise 

5 

Eurybia spectabilis Showy aster T 2001 

Dry sandy and rocky 
upland, including sandy 
sites with a seasonally high 
water table  

Good for fertile stems in not-
recently mowed habitat, possibly 
reasonably good in even when 
mowed in thinly vegetated habitat 

6 

Hydrocotyle umbellata Water pennywort E 2010 

Wetlands and sandy or 
peaty shores, especially 
seasonally 
flooded/exposed 

Good 

7 

Ludwigia sphaerocarpa 
Globe-fruited false-
loosestrife E 2005 

Wetlands and sandy or 
peaty shores, especially 
seasonally 
flooded/exposed 

Good 

8 

Lycopus amplectens 
Clasping-leaved water-
horehound SC 1932 

Wetlands and sandy or 
peaty shores, especially 
seasonally 
flooded/exposed 

Good 

9 
Opuntia humifusa Eastern prickly pear SC 1998 

Dry, sandy and rocky 
upland 

Good 
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Table 2.  Survey Target Plant Species at Proposed Brightfields Solar Panel Site at 1240 Poquonnock Road, Groton, CT. 

10 

Polygala nuttallii Nuttall's milkwort T 1999 

Dry sandy and rocky 
upland, including sandy 
sites with a seasonally high 
water table 

Poor 

11 Rhynchospora 
macrostachya Tall beaksedge T 2005 

Bog-like wetlands and 
sandy or peaty shores 

Probably Good 

Table Notes: 
1
”E” = State-Endangered; “T” = State-Threatened; “SC” = State-Special Concern; “SC*” = State-Special Concern (Historic – i.e., not observed in the last 

~25 years) 
2
also year last observed in Connecticut 

 



 

 

           

The rare plants listed in Table 1 are hereinafter referred to as the “Survey Target 

Species”.  Certain other State-listed rare plants are detectable in December, and my 

survey methodology was such that this was also a survey for those species, effectively.  

Among these rare plants was the only State-listed plant actually observed at the site, 

Aristida longespica Needlegrass (State-Special Concern), and Paspalum laeve Field 

Paspalum (State-Endangered), which occurs within 2 miles of the site in habitat similar to 

parts of the site.  This species is easily detected in December, and was not observed 

during this survey.           

 

 

RARE PLANT SURVEY METHODOLOGY 

 

On December 15, 21 and 28, 2015, I conducted a survey and reconnaissance of the Study 

Area (See Attachment 1.  Snow cover was absent.  With the exception of Reservoir shore 

and wetter portions of the fringing wetlands and forested sections, the entire Study Area 

had been mowed, at least as recently as August 2015, by my estimation.  The 

southernmost portion of the Study Area (0.75 ac) was closely and more recently mown 

(ca. 3” high), while most of the Study Area had not been mown for at least several weeks, 

by my estimation. 

 

The areas that I judged to have at least some arguable potential for at least one of the 

Survey Target Species were surveyed by walking parallel transects, the distance between 

transects was determined based upon the visibility potential visibility of the Survey 

Target Species in the habitat, and my judgment of the habitat’s potential.  In the above-

mentioned closely mowed southernmost 0.75-ac, transects were 2± m apart, because any 

individuals of Survey Target Species would be very short and one would have to be close 

to spot them.  Transects were ~7.5 m apart in the less recently mowed 7.25± ac section to 

north (i.e., east of the Reservoir and west of the existing service road).  Areas of Sand 

Barren-like grassland habitat, which I judged to have higher potential as habitat for 

Survey Target Species, were surveyed more intensely, and their boundaries surveyed by 



Moorhead Rare Plant Survey/Assessment of Potential Habitat/Suggested Mitigation 
APT/Brightfields Development Solar Array, Groton, CT, Page 4 of 25  

 

APT.  Forested areas were judged to have no potential for Survey Target Species, and 

were not surveyed closely.  I reconnoitered open habitat areas, including the area 

proposed for the southeastern solar array and the area around Vernal Pool #1, but did not 

survey transects because I judged these areas to have no potential as habitat for Survey 

Target Species (due to their being mesic grassland or meadow).  I walked transects with 

the assistance of Matthew Gustafson of APT, whom I had briefed regarding what to look 

for.   Mr. Gustafson recorded our routes of survey and his portion of the survey transects 

on Trimble GPS unit (See Attachment 4). 

 

During the period of field survey of the Study Area, I visited known sites for Polygala 

nuttallii, Eurybia spectabilis, and Eupatorium album, to assess their detectability and the 

appearance of their habitats at this time of year. 

 

 

HABITAT POTENTIAL ASSESSMENT METHODOLOGY 

 

As I am personally familiar with most of the occurrences of the Survey Target Species in 

Connecticut that have been documented in in the last 30 years, my habitat potential 

assessment was based in largest part upon my experience of the known habitats in this 

region.  However, I also researched the botanical literature of Connecticut for information 

on habitat affinities for each species that might be beyond my personal experience, and 

incorporated that into my assessment of the potential of the occurrence in the Study Area 

of Survey Target Species that could not be reliably detected by this field survey.  In 

making this assessment, I judged the two most important observable parameters to be soil 

characteristics and plant community composition and structure.  
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RESULTS 

 

RARE PLANT SURVEY 

 

The four State-listed plants documented in the Study Area by this field survey are listed 

below in Table 2.  Three are Survey Target Species, and one was an unexpected 

discovery.  Locations of these occurrences are shown in Attachments 2 and 3.  The 

Survey Target Species that were not found during this survey are discussed individually 

below after those that were found. 

 

Table 2.  State-listed plants documented in the Study Area by field surveys in December 2015. 

Sp
ecie

s 

In
d

ex # 

SCIENTIFIC NAME COMMON NAME 
LISTING 
STATUS

1
 

HABITAT AFFINITY IN CT 
(note: all species are 
evidently light-
demanding) 

3 
Eleocharis quadrangulata 
var. crassior 

Square-stemmed 
spikesedge E 

Wetlands and shores, 
especially seasonally 
flooded/exposed  

6 

Hydrocotyle umbellata Water pennywort E 

Wetlands and shores, 
especially seasonally 
flooded/exposed 

7 

Ludwigia sphaerocarpa 
Globe-fruited false-
loosestrife E 

Wetlands and shores, 
especially seasonally 
flooded/exposed 

NA 

Aristida longespica Needlegrass SC 

Dry sandy upland, 
including sandy sites 
with a seasonally high 
water table and sandy 
draw-down shores and 
depressions 

Table Notes: 
1
”E” = State-Endangered; “SC” = State-Special Concern 

 

 

Species 3, 6, and 7 occur in large numbers along the east shore of the Reservoir in 

fringing wetlands and draw-down lake-shore habitat.  These populations are at least 50 

feet from the nearest proposed solar panels and 25 feet from the proposed storm water 

treatment swale. 
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Figure 5.  Ludwigia Sphaerocarpa stand. 

 
 

Figure 6.  Ludwigia spaerocarpa 

fruiting spike. 

 

 
Figure 4.  Hydrocotyle umbellata leaves 

  
Figure 3.  Eleocharis quadrangulata stand 

 

 
Figure 2.  Eleocharis 

quadrangulata spikes, having shed 

fruit. 

 

 
Figure 1.  Arisida longespica plants - arrow indicates 

one of several in photo. 

 

Aristida longespica Needlegrass is the only one of the State-listed species whose 

occurrence overlaps with the area of proposed solar panels.  It is a low to medium-height,  
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Figure 7.  Aristida longespica habitat. 

 

annual grass with a very late phenology, 

often not fruiting till October.  It occurs 

in the Study Area is Sand Barren-like 

habitat on a west-facing, moderate slope 

within 60± ft of the east shore of the 

Reservoir.  The population size (30± 

genets) and area (300± sq ft) are small 

compared with many other Connecticut 

populations.  There are two recognized 

varieties of this species in Connecticut, 

var. geniculata and var. longespica.  Legally, both are listed under the species name as 

Special Concern.  However, one authority
2
 believes that only var. geniculata is native to 

New England.  The plants at the Study Area appear to be var. longespica, based on the 

relatively short awns and glumes. 

 

Carex oligosperma Few-seeded Sedge, a grass-like plant that grows to about 40 inches, 

and which has apparently not been documented in Connecticut since 1917, was not 

found.  However, bog-like habitat with arguable potential for it was identified in the 

vicinity of Eleocharis quadrangulata suboccurrence “ELO QUA 3” on Attachments 2 and 

3.  I have no personal experience from which to judge how persistent and detectable 

Carex oligosperma remains into winter, but those Carex spp. most closely related to it are 

fairly persistent.  However, a portion of the potential habitat had been mowed not long 

ago, and perhaps several times earlier this year, and so it could be present and yet very 

hard to detect.  However, it is strictly a wetland plant, and thus would be protected by the 

minimum 25-foot upland buffer between the proposed construction and the wetland 

boundary.      

 

Cuphea viscosissima Blue Waxweed, an opposite-leaved annual forb that has apparently 

not been documented in Connecticut since 1905, was not found.  However, suspected 

                                                 
2
 Haines, A.  2011.  Flora Novae Angliae.   New England Wildflower Society, Framingham, CT, and Yale 

Univ. Press, New Haven, CT.  973 pp. 
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potential was found and delineated in the Study Area.  It is the Survey Target Species 

about which we know the least, regarding its ecological behavior in Connecticut and how 

detectable it might be at the time of this survey.  Based on its habitat affinities in other 

parts of its range and the limited Connecticut habitat information available from historic 

collections, it is a plant of relatively open, dry ground, which probably includes Sand 

Barren-like habitat.  Little is known regarding its response to mowing. 

 

Eupatorium album White thoroughwort, a rhizomatous opposite-leaved perennial forb 

that grows to ~2.5 ft tall, was not found in the Study Area, but the above-mentioned Sand 

Barren-like habitat that was delineated is potential habitat for it.  It is persistent and 

relatively easily detected and identified at this time of year, when not recently mowed so 

close to the ground that the dried stem leaves cannot be seen.  This species would 

therefore not be detectable in the above-mentioned 0.75-ac closely mowed section at the 

southwest end of the proposed solar panel array.  It is uncertain whether the species may 

have been detectable in the less closely mowed 7.25 ac portion to the north.  This species’ 

response to various mowing regimes is not known, but a nearby robust occurrence is in a 

location that appears to have been mowed at least once/year for many years. 

 

Eurybia spectabilis Showy Aster is a perennial alternate-leaved so-called “American-

aster” growing to 1-2.5 ft high, with showy purple, violet, or light blue flowers (due to 

recent taxonomic revisions to this section of the Aster family, we no longer have any 

native species in the Aster genus, hence the term “American-aster” to distinguish between 

these and true Aster sp.).  This Survey Target Species was not found during this survey, 

but the above-mentioned Sand Barren-like habitat that was delineated is potential habitat 

for it.  Plants with stems should be reasonably detectable at this time of year in an un-

mowed situation (see Figs. 8 and 9), and plants with only basal rosettes should be 

reasonably detectable in thinly vegetated habitat such as Sand Barren-like habitat.  Plants 

without stems or with mowed stems would be difficult to detect in the more densely 

vegetated cool-season grassland and meadow habitat that occupies most of the northern 

7.25 ac of the Study Area. 
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Figure 8.  Eurybia spectabilis flowering 

head renmant in December (at site in 

Voluntown). 

 

 
Figure 9.  Eurybia spectabilis basal rosette leaves 

(green) with shrivelled leaves of the year 

(Voluntown site). 

 

 

In addition to dry sandy or rocky soils, this 

species occurs on sandy soils that have a 

seasonally high water table, and so portions of 

the 50-foot wetland buffer zone, on the west side of the western proposed solar panel 

array, are potential habitat, at least with regards to hydrology.  These are areas near the 

transition to wetland soils, and they are relatively densely vegetated, and primarily for 

that reason, I suspect that Eurybia spectabilis most likely does not occur there.  Based 

upon all my experience to-date with this species, it does not occur in more densely 

vegetated grasslands and meadows. 

 

Lycopus amplectens Clasping-leaved Water-horehound is a perennial opposite-leaved 

forb in the Mint family that grows typically 1-2.5 ft high.  It is a plant restricted to 

wetlands and sandy and peaty shores that experience a seasonal draw-down.  It was not 

found during this survey, and I was not able to determine its detectability at this time of 

year (I was unable to find plants at the one known population I visited).  There is 

abundant potential habitat along the east shore of the Reservoir, and it may occur there.  

However, determining whether or not it is present is not critical, as its potential habitat is 

almost 100% occupied by one or more of the Survey Target Species 3, 6, and 7, and the 
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Figure 10.  Polygala nuttallii in December at 

neabry closely-mowed site in Groton. 

 

provisions in the site development plan that protect these species and the wetland habitat 

also will protect the Lycopus amplectens. 

 

Opuntia humifusa Eastern Prickly Pear is a succulent evergreen forb in the Cactus family 

that grows close to the ground on open and semi-open, xeric, very sandy and rocky sites 

that are thinly vegetated.  It is quite detectable at this time of year, was not found during 

this survey, and I do not believe that it occurs in the Study Area.  The above-mentioned 

Sand Barren-like habitat that was delineated may be potential habitat for it, at least the 

sandier portions, but it is currently un-occupied by this species. 

 

Polygala nuttallii Nuttall's milkwort is a small, alternate-leaved, annual forb in the 

Milkwort family that grows to about 1 foot high.  It occurs in dry Sand Barrens and Sand 

Barren-like habitat, and also on sandy Sand Barren-like sites which experience a 

seasonally high water table or seepage.  It is evidently tolerant of frequent mowing, based 

on its presence at one nearby site.  It does not entirely disappear in winter, but it is very 

difficult to detect in closely and 

recently mowed habitat (see Fig. 10).  

It does not, in my experience, grow in 

densely vegetated grasslands and 

meadows (see Fig. 11).  It was not 

found during this survey, but the 

above-mentioned Sand Barren-like 

habitat that was delineated is potential 

habitat for it.  I believe that plants of 

the past year should have been 

reasonably detectable in these habitats, but because it is an annual, its absence in a given 

year is not strong evidence that it is not present in the seed bank at the site. 

 



Moorhead Rare Plant Survey/Assessment of Potential Habitat/Suggested Mitigation 
APT/Brightfields Development Solar Array, Groton, CT, Page 11 of 25  

 

 
Figure 11.  Polygala nuttallii habitat at neabry closely-

mowed site in Groton. 

 

The closely mowed 0.75 ac 

area at the southeast corner of 

the proposed solar panel array 

may be potential habitat for 

Polygala nuttallii, because of 

its more thinly vegetated 

condition and a prevalence of 

the warm-season grasses 

Schizachyrium scoparium 

Little Bluestem and 

Andropogon virginicus 

Broomsedge Bluestem (Polygala nuttallii typically occurs with one or both of these 

species).  The soil in this area is a sandy loam cap of fill, similar that that in the more 

densely vegetated area to the north, and I believe that the relative thinness of the 

vegetation and prevalence of the bluestems in this area has probably been produced by 

the frequent mowing in this area.  Other species that are prominent associates of Polygala 

nuttallii at its known sites, including Danthonia spicata Poverty Oatgrass, Polytrichum 

haircap moss, and lichen species, are absent or rare in this area.  Thus, in my judgment, 

this area is likely not potential habitat for Polygala nuttallii, based on the soil texture and 

community composition, but I am relatively less confident that it does not occur hear than 

in the more densely vegetated cool-season grassland and meadow habitat to the north. 

 

Rhynchospora macrostachya Tall Beaksedge is a perennial grass-like plant in the Sedge 

family that grows to nearly 4 ft.  It grows in bog-like wetlands and sandy or peaty shores.  

It was not found during this survey, but bog-like habitat with potential for it was 

identified in the vicinity of Eleocharis quadrangulata suboccurrence “ELO QUA 3” on 

Attachments 2 and 3, and the draw-down shore of the Reservoir may also be potential 

habitat for it.  I do not have personal experience of its detectability at this time of year, 

but based on its life-history, it should be detectable because of the production of erect 

shoots in the autumn. Determining whether or not it is present is not critical, as its 

potential habitat is largely occupied by one or more of the Survey Target Species 3, 6, 
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and 7, and the provisions in the site development plan that protect these species and the 

wetland habitat also will also protect the Rhynchospora macrostachya.    

 

To summarize, of the 8 Survey Target Species that were not found in the Study Area by 

this December field survey, I can state with reasonable confidence that Survey Target 

Species 9, Opuntia humifusa Eastern Prickly Pear, does not occur in the Study Area, 

because it is highly detectable at this time of year under the conditions of this field survey 

(i.e., no snow cover, mostly more or less recently mowed habitats).  Survey target species 

1, 8, and 11 (Carex oligosperma Eastern Few-fruited Sedge, Lycopus amplectens 

Clasping-leaved Water-horehound, and Rhynchospora macrostachya Tall Beaksedge, 

respectively) are wetland species whose detectability in winter in the Study Area is 

uncertain, but based on their habitat affinity, all of their potential habitat at the site will be 

preserved and protected by the proposal.  Of the four Survey Target Species that are 

restricted to upland habitats, I believe that the potential habitat in the Study Area is 

mostly likely limited to several Sand Barren-like areas that were delineated during the 

survey.  The mesic and dry-mesic portions of the Study Area that support relatively dense 

cover of cool-season grasses and/or forbs are not, in my opinion, likely habitat for these 

species.  However, there is relatively less known about the full range of habitat affinities 

of Survey Target Species 2 and 10 (Cuphea viscosissima Blue Waxweed and Polygala 

nuttallii Nuttall's Milkwort, respectively), the two annuals among the Survey Target 

Species, and so the preceding statement cannot be made with as much confidence as for 

the two perennial species, Eupatorium album White thoroughwort and Eurybia 

spectabilis Showy Aster.  In particular, I have relatively less confidence that the 0.75 ac 

closely mowed area at the southwest corner of the Study Area is not potential habitat for 

the two annual species.                     
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Figure 12.  Dry-Mesic Cool-Season Grassland – portion near 

north end of Study Area. 

 

 
Figure 13.  Dry-Mesic 

Cool-Season Grassland 

and Meadow – wetland 

boundary near based of 

photo.. 

 

POTENTIAL RARE PLANT HABITAT ASSESSMENT 

 

An overview and descriptions of existing habitats in the Study Area is presented in  

 “Environmental assessment: Solar Facility Installation, 1240 Poquonnock Road, Groton, 

Connecticut, New London County”, authored by APT and dated October 2015.  For the 

purposes of this survey and potential habitat assessment, I excluded from consideration 

certain portions of the Study Area that judged to have no potential as habitat for the 

Survey Target Species, all of which are light-demanding plants of open and semi-open 

habitats (“semi-open” habitats include, e.g., forest edges, areas under canopy openings in 

forests, gaps between trees in woodlands, etc.).  Habitat thus excluded included closed-

canopy forest and more heavily shaded portions of evergreen woodland, and any other 

non-wetland areas with dense cover of invasive shrubs.  

Prior to field inspection, I initially included all open, semi-

open, and edge habitats to be potential habitat for Survey 

Target Species.  Based on field reconnaissance, I have 

divided these habitats in the subsets below, based on their potential as habitat for one or 

more of the 11 Survey Target Species.  Note that Species 9, Opuntia humifusa Eastern 

Prickly Pear, was the one species whose absence was documented by this field survey.  
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Dry-Mesic Cool-Season Grassland and Meadow (low potential, with qualification, 

for upland species 2, 4, 5, 9, and 10).  The majority of the proposed project area is cool-

season grassland with an admixture of dry-mesic and mesic meadow (i.e., areas with 

forbs dominant or co-dominant) with relatively dense vegetative cover (i.e., very little or 

no exposed soil surface).  The distribution of this habitat correlates with the soil on most 

of the area being a sandy loam cap of fill 12+ inches thick.  The dominant species of the 

grassland habitat are introduced turf and cover grasses, including most prominently 

Agrostis capillaris Rhode Island Bent (rhizomatous) and Schedonorus arundinaceus Tall 

Fescue, with Holcus lanatus Common Velvetgrass, Festuca rubra Red Fescue, Festuca 

trachyphylla Hard Fescue, Poa pratensis Kentucky Bluegrass, Lolium sp. Ryegrass, and 

Dactylis glomerata Orchardgrass.  Dominant meadow forbs include Solidago altissima 

Tall Goldenrod, Solidago rugosa Rough Goldenrod, Solidago juncea Early Goldenrod, 

and, in places, Artemisia vulgaris Mugwort.  Images in Figs. 12 and 13 are representative 

of the less closely mowed portion of this habitat.  This habitat has, based on my 

experience and other available information, has low potential as habitat for the five 

upland rare plants targeted by this survey.  All of these species generally occur on sandier 

substrates with thinner vegetative cover than occurs in this habitat in the Study Area.  

Most of this habitat on the site was not closely mowed at the time of this field survey, and 

it appears that less frequent mowing has been the normal regime for the last several years.  

This has allowed more dense cover of grasses and forbs to develop, lowering the 

potential for the Survey Target Species.  This probability estimate must be qualified, 

however, as follows.  To my knowledge, this kind of habitat has generally not been well 

surveyed for rare plants in Connecticut (exceptions being my recent surveys of several 

hundred acres of similar habitat at Groton-New London and Stratford Airports), in part 

because regular mowing makes many rare species hard to detect, and in part it has been 

generally assumed that rare plants do not occur in these habitats, so the actual frequency 

of rare plant occurrences occurrence in this kind of habitat is almost certainly unknown 

and less rare than it appears, based on existing records.  For this reason, I am 

recommending treating this area, including the portion discussed in the next paragraph as 

potential rare plant habitat during construction of the solar panel array and surveying for 

rare plants in 2016 after construction (see Recommendations section).  
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Figure 15.  Closely mown portion of Dry-Mesic 

Cool-Season Grassland and Meadow habitat, at 

SW corner of Study Area; view looking ~west.  

Tawny colored patches are Little and Broomsedge 

Bluestem. 

 
  . 

 

 
Figure 14.  Closely mown portion of Dry-Mesic Cool-

Season Grassland and Meadow habitat, at SW corner of 

Study Area; view looking ~south.  Tawny colored patches 

are Little and Broomsedge Bluestem. 

 

 

A portion of the dry-mesic 

grassland, 0.75± acre at the 

southwest corner of the Study Area, 

has been recently closely mowed 

(Figs. 14 and 15), and appears that 

this may be the representative of the 

normal mowing regime for at least 

the last several years.  This area has 

very similar soils to the less closely 

mowed areas, but the grass species 

assemblage is different in that the 

warm-season native grasses 

Schizachyrium scoparium 

Little Bluestem and 

Andropogon virginicus 

Broomsedge Bluestem are 

much more prominent, and the 

vegetative cover is thinner.  I 

believe that this area also has 

low potential for the five 

upland Survey Target Species, 

based on the loam soil, absence 

of certain associate species (see 

discussion of Sand Barren-like 

habitat), and the probable intolerance of at least Species 4, 5, and 9 for frequent close 

mowing.  However, Species 2 and 10, Cuphea viscosissima Blue Waxweed and Polygala 

nuttallii Nuttall's Milkwort, can be ruled out with relatively less confidence, because the 

true habitat affinity and tolerance of mowing for Species 2 is unknown, and Species 10 is 

known to be tolerant, in some measure, of frequent, close mowing.  In general, frequently 

and closely mown habitats have been poorly surveyed for rare plants, and it is thus more 
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Figure 16.  Vernal pool and surrounding wet 

meadow habitat. 

 

difficult to rule them out as potential habitat for rare plants, on the basis of the mowing 

regime alone.    

 

Mesic Cool-Season Grassland and Meadow (very low potential for upland species 2, 

4, 5, 9, and 10).  This evidently mostly frequently and closely mowed habitat (see Fig. 

17) occurs as the dominant open habitat in the southeast portion of Study Area.  The 

dominant grasses are the same, but the more mesophytic species are dominant.  These 

include Festuca rubra Red Fescue, Poa pratensis Kentucky Bluegrass, and Dactylis 

glomerata Orchardgrass.  These areas have low potential as rare plant habitat because of 

the evidently moist and higher-fertility soil conditions.  However, because of our lack of 

knowledge of the true habitat affinities of Cuphea viscosissima Blue Waxweed, I am 

recommending the same precautions during construction and post-construction surveys as 

for the Dry-Mesic Cool-Season Grassland portion of the Study Area. 

 

Vernal Pool and Fringing Wet Meadow Vegetation (low potential for wetland and 

upland Survey Target Species).  Survey target species 1, 3, 6, 7, 8, and 11 are all 

species of relatively oligotrophic wetlands, 

and the nutrient regime of the vernal pool 

and fringing wet meadow are not evidently 

oligotrophic wetlands.  In addition, at least 

three of the Survey Target Species are 

known to be highly detectable this time of 

year, and were not observed during the 

field survey.  I suspect the other three 

species are also detectable in December, 

and my having not detected them is actual evidence of absence, but in any case, the 

vernal pool nor the wet meadow bear little floristic resemblance to know habitats for 

these species. 
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Figure 17.  Mesic Cool-Season 

Grassland and Meadow and Forest 

Edge habitat. 

 

Forest Edges (low potential for wetland or upland Survey Target Species).  This 

habitat (see Fig. 17) occurs at the borders of 

above- and below-described open habitats, and 

may be generally considered to have somewhat 

different potential as habitat for the same Survey 

Target Species that might occur in the adjacent 

open habitat.  The edge habitat may have 

somewhat higher-potential because of the less 

frequent mowing, but this may be balanced out 

or negated altogether by the attenuation of the 

light levels due to the half shading of the trees 

and shading and competition by shrubs, vines, 

and tall forbs, which in many cases are abundant 

at the forest edges.  Based on my field survey, all 

of the forest edge habitats in the Study Area have 

low potential as Survey Target Species habitat. 

 

Sand Barren-like Habitat (moderate to high potential for upland species 2, 4, 5, 9, 

and 10).  This dry-xeric grassland occupies small portions of the Study Area, and has 

been delineated by APT and mapped (labeled “BOFH”, for “Barren/Old Field Habitat” 

on Attachments 2 and 3).  Its most extensive occurrence is as a border to extensive 

portions of the service road (see Fig. 19) on the east side of the northern portion of the 

Study Area.  It occurs on more or less level sites on sandier soil than the majority of the 

grassland habitat, and also on moderately to gently sloping, west-facing slopes on the 

west side of the Study Area (see Fig. 7), where the soil texture is approximately the same 

as the Cool-Season Grassland and Meadow habitat (the slope and hot aspect presumably 

tipping conditions in favor of the barren-like conditions at these sites).  Vegetative cover 

of vascular plant species native warm-season grasses Schizachyrium scoparium Little 

Bluestem and Andropogon virginicus Broomsedge Bluestem are co-dominant, or the 

former is dominant with latter an associate.  Other associate and indicator species include 

Hypericum gentianoides Orange-grass, Danthonia spicata Poverty Oatgrass, Eragrostis 



Moorhead Rare Plant Survey/Assessment of Potential Habitat/Suggested Mitigation 
APT/Brightfields Development Solar Array, Groton, CT, Page 18 of 25  

 

 
Figure 19.  Sand Barren-like habitat along 

east side of service road, toward north end of 

Study Area. 

 

 
Figure 18.  Sand Barren-like habitat along west 

side of service road. 

 

spectabilis Purple Lovegrass, the non-native grass Aristida oligantha Prairie Three-awn, 

Crocanthemum bicknellii Hoary Frostweed, Desmodium obtusum Stiff Tick-trefoil, and 

other species.  In addition to the above-listed indictor plants, lichen and moss cover is 

high, and these together distinguish this habitat from areas that are thinly vegetated due to 

recent disturbance and or frequent close mowing.  I use the term “Sand Barren-like” here 

to avoid confusion of this habitat in the Study Area with our native Sand Barrens, where 

the above-listed species occur on natural sand and gravel deposits in association with 

Pinus rigida Pitch Pine, Quercus ilicifolia Bear Oak, and others.  The most extensive and 

highest quality occurrence of this habitat, in my opinion, is on the east side of the service 

road in the northeastern part of the Study Area (see Fig. 18). 

 

The one State-listed upland plant documented on the site during this survey, Aristida 

longespica Needlegrass (State-Special Concern) occurs in this habitat (see Figs. 1 and 7). 

 

Draw-down Shore and Reservoir Fringing Wetlands (moderate to high potential for 

Species 1, 3, 7, 8, and 11; actual habitat for species 3, 6, and 7).  This wetland and, in 

part, seasonally aquatic/seasonally exposed habitat, is the most significant ecological 

feature of the Study Area, with respect to plant and plant community biodiversity.  

Different elements are shown in Figs. 3, 5, 20, and 21.  Survey Target Species 3, 6, and 7 

occur individually, two together, or all three together along nearly the entire eastern 

shoreline of the Reservoir.  Each species is treated in more detail in the Rare Plant Survey 

Results section.  I consider a subset of this habitat complex to have reasonably high 
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Figure 20.  Cephalanthus occidentalis marsh near 

northwest end of Study Area.  Ludwigia sphaerocarpa 

and Eleocharis quadrangulata occur together here, and 

bog-like potential habitat for Carex oligosperma and 

Rhynchospora macrostachya occurs near upland border. 

 

 
Figure 21.  Draw-down shore 

community toward southwest end of 

Study Area.  Hydrocotyle umbellata 

occurs here. 

 

potential for the two wetland Survey Target Species (1 and 11) that were not detected 

during this survey (see discussions in the Rare Plant Survey Results section).                            
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Figure 22.  Existing solar panel array in Galstonbury, CT. 

 

 

MITIGATION RECOMMENDATIONS 

 

The following 

recommendations are 

intended to avoid potential 

impacts, and minimize and 

mitigate unavoidable impacts 

of this project to rare plants 

that occur, or potentially 

occur, in the Study Area.  For 

the purposes of the following 

discussion, it is assumed that 

the solar panel array must be 

constructed, at least in largest part, in spring 2016, before the actual presence/absence of 

rare plants in the Study Area can be determined by field survey.  It is also assumed that 

the solar panel array will spatially resemble the solar panel array pictured in Fig. 22, 

which is an existing facility in Glastonbury, CT.  

 

 

 

In my judgment, the following are the potential short-term impacts of the project to 

potential and known rare plant populations. 

 

A. Soil compaction and soil and vegetation disturbance by heavy equipment, 

storage of material, etc., including areas outside of the proposed solar 

panel array areas. 

B. Excavation of holes for and installation of solar panel support posts (an 

unavoidable impact). 

C. Construction of storm water treatment swale and bio-filter (unavoidable). 



Moorhead Rare Plant Survey/Assessment of Potential Habitat/Suggested Mitigation 
APT/Brightfields Development Solar Array, Groton, CT, Page 21 of 25  

 

D. Erosion, sedimentation, and pollution due to storm water run-off from 

construction site. 

 

In my judgment, the following are the actual and potential long-term impacts of the 

proposed project to potential and known rare plant populations. 

 

i. Permanent shading of slightly under 50% of the existing open habitat. 

ii. Displacement of existing habitat by storm water treatment swale and bio-

filter (also a long-term habitat enhancement, in part, if constructed as 

indicated in Recommendation d. below). 

iii. Changes in patterns of precipitation and run-off. 

 

Recommendations I. through VI. below address specifically the avoidance and 

minimization of the potential impacts inherent from constructing the solar panel array 

prior to conducting field survey for the Survey Target Species during their growing 

season, when they are most detectable.   

 

I. Postpone construction in the delineated Sand Barren-like habitat until field 

surveys for potential Survey Target Species have been completed in those 

areas, and any rare plants that are found that may be impacted are moved 

(including Aristida longespica plants of known population).  These surveys 

should be complete by early September, at the latest. 

II. Avoid soil compaction during construction by use of geo-tech fabric and/or 

low-ground-pressure equipment.  If geo-tech fabric is used, ensure that it does 

not remain in place for more than a few days during the growing season (mid-

March through early November). 

III. Conduct field survey for the Survey Target Species in the solar panel array 

area after construction.  The primary purpose of this survey would be to detect 

rare plants as early as possible in locations where they may be expected to be 

impacted by shading, and move the plants to appropriately open habitat.  

Another purpose of this survey would be to identify rare plant areas which 
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may require special attention in the future (e.g., avoidance, special 

management, etc.). 

IV. Mow the solar panel array area the minimum amount required to prevent 

vegetation from overtopping the panels, and avoid mowing at all from early  

July through September. 

V. Monitor condition of vegetation during and after construction, and adapt 

methodology if as avoidable impacts are detected.    

 

Recommendations a. through f. below deal with mitigation of the unavoidable impacts of 

the proposed project.  The principal unavoidable impacts are the area displaced by the 

solar panel support posts, the area permanently shaded by the panels, and the conversion 

of grassland/meadow habitat to storm water treatment swale and bio-filter (note: this last 

may be a net rare plant habitat enhancement, if there are no existing rare plant 

populations in the area – see recommendation d. below). 

 

a. Move Aristida longespica plants in known population and additional rare plants 

that may be found harm’s way during above-recommended surveys to suitable 

nearby habitat, monitor condition until persistence appears likely, and manage 

as deemed necessary to preserve and enhance. 

b. Adjust mowing regime in project area to maximize potential as habitat for the 

Survey Target Species, if any, found in the area by the above-mentioned 

surveys.  The exact mowing regime will probably depend upon the species 

found, but once or twice per year, avoiding late summer and early fall, will 

likely be appropriate. 

c. Clearing of forest and woodland, which is already proposed as part of the 

project, can be considered an expansion of potential habitat for the Survey 

Target Species.  Wood chips must be disposed of off-site, not spread upon the 

site. 

d. Use material with high sand content (i.e., sand or loamy sand) to construct/dress 

sides and slopes of storm water treatment swale and bio-filter.  All of the 

Survey Target Species are sand-lovers, and creation of sandy (as opposed to 
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loamy) substrates in the Study Area will create potential colonization sites for 

these species.  

e. Disturbance of the soil during construction, in the absence of soil compaction, 

may result in a net benefit to rare species by exposing the seed bank, especially 

of the two annual species. 

f. Monitor condition and behavior of rare plant populations at site and conduct 

occasional resurveys of Study Area for incipient rare plant populations.      

 

…………….. 

 

 

 

Respectfully submitted, 

 
William H. Moorhead III, Consulting Field Botanist   
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Attachment 5.  List of Vascular Plants Observed in Study Area in December 2015

Taxon

ID
 q

u
e

s
ti

o
n

?

Common Name

Native vs. 

non-native  

in CT
3

Invasive 

Status in 

CT
1,2

Legal 

E/T/SC 

status in 

CT
4

VP

Aton forest comments

Achillea millefolium L. Yarrow native

Agrostis capillaris L. Rhode Island Bent non-native

Andropogon virginicus L. var. 

virginicus Broomsedge Bluestem native

Aristida dichotoma Michx. var. 

dichotoma Churchmouse Threeawn native

Aristida longespica Poir. var. 

longespica Needlegrass non-native?

State-Special 

Concern

Aristida oligantha Michx. Prairie Three-awn non-native

Artemisia vulgaris L. var. vulgaris wormwood non-native

Betula populifolia Marsh. Gray Birch native

Bidens discoidea (Torr. & Gray) Britt. Small Beggar-ticks. native

Bromus inermis  Leyss. ssp. inermis Smooth Brome-grass non-native

Carex crinita Lam. a sedge native

Carex longii Mackenzie a sedge native

Carex lupulina Muhl. ex Willd. Hop Sedge native

Carex tonsa (Fern.) Bickn. a sedge native

Centaurea stoebe L. ssp. micranthos 

(Gugler) Hayek Spotted Knapweed non-native WI/banned

Cephalanthus occidentalis L. Bouttonbush native

Ceratophyllum demersum L. Common Hornwort native

Ceratophyllum echinatum Gray Spineless Hornwort native

Chamaedaphne calyculata (L.) Moench Leatherleaf native

Crocanthemum bicknellii (Fern.) Barnh. Hoary Frostweed native

Dactylis glomerata L. Orchard Grass non-native

Danthonia spicata (L.) Beauv. ex 

Roemer & J.A. Schultes Poverty Grass native

Daucus carota L. Queen Anne's Lace non-native

Decodon verticillatus (L.) Ell. Swamp-willow native

Desmodium obtusum  (Muhl. ex Willd.) 

DC.
?

Stiff Tick-trefoil native

Dichanthelium acuminatum (Sw.) 

Gould & C.A. Clark a panic grass native

Dichanthelium clandestinum (L.) Gould Deertongue native

Dichanthelium dichotomum (L.) Gould 

ssp. microcarpon  (Muhl. ex  Ell.) 

Freckmann & Lelong a panic grass native

Dichanthelium sphaerocarpon (Ell.) 

Gould a panic grass native

Digitaria Haller. crabgrass ?

Eleocharis acicularis (L.) Roemer & 

J.A. Schultes a spikerush native

Eleocharis quadrangulata (Michx.) 

Roemer & J.A. Schultes Spike-rush var. crassior native

State-

Endangered
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Elymus repens (L.) Gould Quackgrass non-native

Eragrostis spectabilis (Pursh) Steud. Purple Love-grass native

Euphorbia cyparrisias L. Cypress Spurge non-native WI/banned

Euthamia graminifolia (L.) Nutt. Grass-leaved Goldenrod native

Fallopia japonica (Houtt.) Dcne. var. 

japonica Japanese Knotweed non-native WI/banned

Festuca filiformis Pourret Fine-leaved Sheep Fescue non-native

Festuca ovina L. Sheep Fescue non-native

Festuca rubr a L. Red Fescue non-native

Festuca trachyphylla (Hack.) Krajina Hard Fescue non-native

Frangula alnus P. Mill. European Buckthorn non-native WI

Glyceria R. Br. unidentified manna grass native

Hieracium L. sp.[acaulescent] non-native hawkweed non-native

Holcus lanatus L. Common Velvetgrass non-native

Hydrocotyle umbellata L. Water Pennywort native

State-

Endangered

Hypericum gentianoides (L.) B.S.P. Orange-grass native

Hypericum L. St.-John's-wort ?

Hypericum perforatum L. Common St. Johnswort non-native

Hypochaeris L. unidentified cat's-ear non-native

Juncus dudleyi Wieg. a rush native

Juncus effusus L. Soft Rush native

Juncus militaris Bigelow Bayonet Rush native

Juniperus virginiana L. var. virginiana Eastern Red Cedar native

Kummerowia striata (Thunb.) Schindl. Japanese-clover non-native

Larix laricina (Du Roi) K. Koch Amercian Larch

native and 

introduced

Lechea L. pinweed native

Leersia oryzoides (L.) Sw. Rice Cut-grass native

Lespedeza capitata Michx.

Round-headed Bush-

clover native

Leucanthemum vulgare Ox-eye Daisy non-native

Ligustrum vulgare L. European Privet non-native PI

Lolium L. unidentified rye-grass non-native

Lonicera japonica Thunb. Japanese Honeysuckle non-native WI/banned

Lonicera morrowii Gray Morrow's Honeysuckle non-native WI/banned

Lotus corniculatus L. Birdsfoot Trefoil non-native

Ludwigia palustris  (L.) Ell. Water Purslane native

Ludwigia sphaerocarpa Ell.

Round-pod Water-

primrose

State-

Endangered

Nymphaea odorata  Ait. Fragrant White Water-lily native

Onoclea sensibilis L. Sensitive Fern native
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Persicaria hydropiperoides (Michx.) 

Small Mild Water-pepper native

Persicaria punctata (Ell.) Small Dotted Smartweed native

Pinus resinosa Ait. Red Pine

Pinus strobus L. Eastern White Pine native

Plantago aristata Michx. Buckhorn non-native

Plantago lanceolata L. English Plantain non-native

Poa pratensis L. ssp. pratensis Kentucky Bluegrass non-native

Potentilla canadensis L. Dwarf Cinquefoil native

Potentilla simplex  Michx. Common Cinquefoil native

Prunus serotina Ehrh. var. serotina Black Cherry native

Rosa multiflora Thunb. ex Murr. Multiflora Rose non-native WI/banned

Rosa palustris Marsh. Swamp Rose non-native

Rubus hispidus L. Swamp Dewberry native

Rubus L. [shrub] unidentified blackberry native

Rumex acetosella L. Common Sheep Sorrel non-native PI/banned

Salix L. willow ?

Schedonorus arundinaceus (Schreb.) 

Dumort Tall Fescue non-native

Schizachyrium scoparium (Michx.) 

Nash var. scoparium Little Bluestem native

Smilax glauca Walt. Sawbrier native

Smilax rotundifolia L. Comon Greenbrier native

Solidago altissima L. ssp. altissima Tall Goldenrod native

Solidago juncea Ait. Early Goldenrod native

Solidago nemoralis Ait. ssp. nemoralis Gray Goldenrod native

Solidago rugosa P. Mill. ssp. rugosa

Wrinkle-leaved 

Goldenrod native

Sparganium L. bur-reed native

Symphyotrichum laeve (L.) A. & D. 

Löve var. laeve Smooth American-aster native

Symphyotrichum pilosum (Willd.) 

Nesom Awl American-aster native

Taraxacum officinale G.H. Weber ex 

Wiggers Common Dandelion non-native

Thelypteris palustris Schott var. 

pubescens (Lawson) Fern. Marsh Fern native

Trichostema dichotomum L. Bastard Pennyroyal native

Trifolium pratense L. Red Clover non-native

Typha latifolia L. Broad-leaved Cat-tail native

Vinca minor L. Lesser Periwinkle non-native

Viola primulifolia L. Primrose-leaved Violet native

TABLE NOTES:
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1
Invasives status abbreviations: WI = Widespread and Invasive; PI = Potentially Invasive (from Mehrhoff, L. J., 

K. J. Metzler, and E. E. Corrigan.  2003.  Non-native invasive and potentially invasive vascular plants in 

Connecticut.  Center for Conservation and Biodiversity, University of Connecticut, Storrs.  4-page pamphlet.

2
"banned " means it is illegal in Connecticut to import, move, sell, purchase, cultivate, or distribute this species, 

per Connecticut Public Acts 02-136 and 04-203  

3
"native" and "non-native" means native or non-native to Connecticut, mostly according to Dowhan, J.J.  1979.  

A preliminary checklist of the vascular flora of Connecticut (growing without cultivation).  State Geological & 

Natural History Survey of Connecticut.  Report of Investigations No. 8.  176 pp.  For some species, I have 

accepted judgemetn of more recent references (see References section of report) that contradict Dowhan 

(1979)   

4
listing status of plant in the Regulations of Connecticut State Agencies Sections 26-306-4 to 26-306-6, 

pubilshed in the Connecticut Law Journal June 29, 2004.
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Curriculum Vitae 
 

William H. Moorhead III 
486 Torrington Road 

Litchfield, Connecticut  06759 

(860) 567-4920 

whmoorhead@optonline.net 

 
 

TECHNICAL EXPERTISE 

 

 Inventory for Rare/Threatened/Endangered plants, plant & natural communities, and Critical 

Habitats  

 Mapping of vegetation, plant/natural communities using both traditional and modern tools and 

techniques (including various remote sensing coverages and GIS softwares) 

 Classification and mapping of vegetation, plant and natural communities, and Critical Habitats 

in the northeastern U.S.   

 Various methods for sampling vegetation  and plant populations, for purposes of description 

and monitoring over time  

 Restoration, management, and monitoring of rare plant populations and plant/natural 

communities 

 Interpretation and ground-truthing aerial photographic imagery and other remote sensing 

coverages  

 Delineation of Tidal Wetlands in Connecticut 

 Federal Jurisdictional (“Army Corps”) Wetlands delineation  

 Sampling, identification, and analysis of freshwater aquatic macro-invertebrate communities for 

water quality evaluation 

 Lecturer and instructor in native and invasive plant identification, rare plant and 

plant/community inventory, ecology and management, and wetland delineation, at secondary 

school, college undergraduate, graduate school, and adult professional levels 

 Wetland restoration and mitigation planning, implementation, and monitoring 

 Review and technical critique of wetlands permit and other environmental applications 

 Review of conservation & management plans, technical journal articles, books relating to rare 

plant conservation, identification and ecology 

 Invasive plant control and eradication in rare plant/natural communities and Critical Habitats 

 

 

PROFESSIONAL EXPERIENCE 

 

 Twenty-eight years distributed in above-listed areas. 

 

  

EMPLOYMENT 

 

10/00-present Independent Consulting Field Botanist/Ecologist: rare plant and natural community, 

Critical Habitat survey and inventory; classification and mapping of ecological 
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communities and Critical Habitats; wetland delineation; technical support of environmental 

permit applications; technical support of oppositions to environmental . 

MAJOR PROJECTS: 

 Contract botanical survey for MA NHESP in June, 2010, to relocate/update status of 

not-recently-observed State-listed plant populations in Berkshire County, in support 

of BIOMAPS 2 critical habitat mapping project.  Twenty-seven populations 

documented.          

 Contract botanical survey for MA NHESP in 2009, for globally rare sedge Eleocharis 

diandra, along Connecticut River in MA.  Eight Eleocharis diandra populations 

documented, Eleocharis ovata documented for the first time (3 populations) on the 

CT River, 21 populations of other State-listed plants documented.  

 Contract botanical survey for MA NHESP, 2008-2009, surveying for State-listed 

plants within 500-m-radius of Housatonic River from Pittsfield to Sheffield, MA.  

Approx. 138 new State-listed plant populations documented, including rediscovery of 

1 State-Historic species and 1 Berkshire County-Historic species, 19 previously 

known populations relocated & updated.   

 From 2008-2009, employed part-time by University of Connecticut Dept. of Ecology 

& Evolutionary Biology to create a digital GIS coverage of natural communities 

identified In Connecticut’s Comprehensive Wildlife Conservation Strategy as 

“Critical Habitats”, using a synthesis of interpretation of remote sensing imagery, 

Connecticut Natural Diversity Database data, and data from past and current field 

surveys of my own and others.  Responsible for creating or editing more than 2000 

critical habitat polygons and populating associated attribute data base.  

 Principal Investigator in 2006-2009 research project, funded by the Long Island 

Sound  License Plate Fund, describing and mapping the complex mosaic of plant 

communities in a 330-acre brackish tidal wetland system on the lower Connecticut 

River, involving collection and analysis of 950 stratified random floristic plots.  

 In 2006, employed by Parsons (consultant to CONN-DOT), conducted an inventory 

of State-listed endangered plants and significant natural communities, and classified 

and mapped vegetation of 500-ac Groton-New London Airport; 9 new State-listed 

species documented on property.    

 Research and preparation, 2004-2006, of the Eightmile River Watershed Biodiversity 

Report, commissioned by the National Park Service and the Eightmile River Wild & 

Scenic Study Committee. 

 Co-investigator in 2005-2007 rare plant and natural community survey for private 

landowner of 600+ ac in Alford and West Stockbridge, MA; 5 new State-listed and 3 

Watch-list species documented.  

 In 2005, as subcontractor to The Maguire Group (consultant to CONN-DOT), 

classified and described vegetation and natural communities, and performed avian 

point counts along 15 avian survey transects (14 cumulative miles) in the proposed 

Rte. 11 corridor in Salem, East Lyme, Montville, and Waterford, CT; ancillary to 

main tasks, new occurrences of 1 Federally-Threatened and 4 State-listed plants were 

documented. 

 Co-investigator in 2004 survey to rediscover a State-historic plant in Greenfield, 

Massachusetts, funded by a Massachusetts Natural Heritage and Endangered Species 

Program’s Small Research Grant; occurrences of 5 State-listed and 4 Watch-list 

species documented.        

 In 2003 and 2004, botanical consultant to Northwest Conservation District and King’s 
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Mark Environmental Review Team, in review of large proposed golf course-

subdivision project in Norfolk, CT; 5 new State-rare species occurrences documented. 

 Survey, 2003-2006, of the 62-mi
2
 Eightmile River watershed in Middlesex and New 

London Counties, CT, for rare plants and significant natural communities, 

commissioned by the National Park Service and the Eightmile River Wild & Scenic 

Study Committee; 35 new rare species occurrences (more than doubling number of 

know extant occurrences) and 101 priority natural community occurrences were 

documented; results delivered as digital GIS product. 

 Farmington River Watershed Association’s 2002 Farmington River Biodiversity 

Project: 7-month inventory of rare plants and priority natural communities in 7-town 

(214 mi
2
) study area in the lower Farmington River watershed; approx. 100 new rare 

species populations documented, tripling number of known extant occurrences, and 

160 priority natural community occurrences documented. 

 Inventory, 2000-2007, of nine parcels in western Connecticut ranging from 60 to 400 

acres, in technical support of applications for State Open Space Acquisition Grants by 

local and national land preservation groups, including Trust For Public Land, 

Roxbury Land Trust, Sharon Land Trust, Cornwall Land Trust, and Southbury Land 

Trust. 

  

7/96 – 1/05 Contract Inventory Botanist/Ecologist for Connecticut Natural Diversity Data Base, 

Connecticut Department of Environmental Protection: 

Scope of services: 

 Survey for and documentation of State-listed vascular plants.  Highlights of this work: 

rediscovery of 19 State-Historic taxa; ~390 new populations and unmapped historic 

sites discovered/rediscovered; first state records for 2 native species; and first state 

records for several non-native species.   

 Vegetation reconnaissance and collection of relevé data from plant communities of 

special conservation significance; data used in development of state and national 

vegetation classifications. 

 Rare plant inventory and classification and digital (GIS) mapping of the vegetation of 

the 2000-acre Canaan Mountain Natural Area Preserve in North Canaan and Canaan, 

Litchfield Co., CT. 

 Rare plant inventory, classification and mapping of the vegetation of 570-acre Kitchel 

Natural Area Preserve in Colebrook, Litchfield Co., CT. 

 Rare plant inventory, classification and mapping of the vegetation of Pachaug Great 

Meadow and Mount Misery Natural Area Preserves (cumulatively 626 acres) in 

Voluntown, New London Co., CT. 

 Classification and digital (GIS) mapping of the vegetation of 280-ac Matianuck Natural 

Area Preserve, in Windsor, Hartford Co., CT. 

 Assistance with environmental review, periodic reevaluation of state ranks and legal 

status of species in state, training of interns, coordination with The Nature 

Conservancy and other NGOs.    
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2/94 – 7/96 Ecologist: Virginia’s Natural Heritage Program (VA Department of Conservation 

and Recreation, Division of Natural Heritage): 

  Key responsibilities:  

 Together with the Division’s other two ecologists, development of vegetation 

classifications of study areas in Virginia’s mountain provinces and in the southeastern 

coastal plain, via the collection and analysis of relevé data using the Braun-Blanquet 

tabular comparison approach.  Project leader responsibility for: 

 an intensive vegetation survey of a 4000-ha study area in the George Washington 

National Forest in the Ridge and Valley Province.  Tasks included collection and 

analysis of 50+ relevés, classification and mapping of the vegetation at the Land 

Type Phase level, and production of accompanying report for U.S.D.A. Forest 

Service contract 

 Nature Conservancy contract calling for collection/assemblage of relevés from 

Virginia’s pitch pine-scrub oak woodland and related vegetation.  Tasks included 

collection of new relevés, a Braun-Blanquet analysis and classification of these and 

existing relevés, and production of a report. 

 Analysis of relevé data and other community data to advance Virginia state  vegetation 

 classification. 

 Inventory for and collection of relevés and other documentation from Virginia’s 

globally rare, state-rare, and exemplary natural communities, both in fulfillment of 

contracts with the Jefferson National Forest, Dept. of Defense, and NASA, and de novo 

inventory. 

 Technical assistance, including advice and collection of relevé data, to natural area 

preserve stewardship section in development of resource management plans 

 Technical assistance, including project review, to the environmental review section. 

   

6/93 - 1/94 Independent Consulting Field Ecologist, doing business as Western Highlands 

Consulting, Woodbury, Connecticut. 

  Key Projects: 

 Contract work for CT-DEP-Natural Diversity Data Base: performing field surveys to 

locate and characterize occurrences of RTE plant species; collecting relevé data from 

Atlantic White Cedar swamp and calcareous fens for use in development of state and 

national vegetation classifications 

 Sampling and identification of stream macro-invertebrates, using RBP III and other 

protocols, as subcontractor to several environmental consulting firms. 

 Survey, characterization, and mapping of vegetation and habitats for several clients in 

support of land use permit applications, e.g. wetlands permit applications, Superfund 

clean-up plans.           

 

1/91 - 6/93 Environmental Analyst (Biological): Office of Long Island Sound Programs (OLISP), 

Connecticut Department of Environmental Protection.  

  Key responsibilities: 

 investigation of violations of State Tidal Wetlands Act and Structures, Dredging, and 

Fill Statutes, using botanical/ecological expertise and aerial photo interpretive skills to 

determine jurisdictional boundaries, identify violations, determine degree of 

environmental harm and  make recommendations to the Commissioner for appropriate 
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site remediation requirements 

 negotiation of consent orders with violators of Tidal Wetlands and Structures & 

Dredging Acts  

 provide testimony at enforcement hearings and trials 

 documentation of State-listed species occurrences 

 technical assistance within my areas of expertise to OLISP Permitting and Coastal 

Programs sub-offices, other DEP bureaus and State agencies, municipalities, and 

private entities 

 coordination of the Long Island Sound Clean Water Account Research Fund 

 review and evaluation of site remediation and restoration plans 

 review and processing of applications for Structures & Dredging and Tidal Wetlands 

permits.  

 

3/83 - 12/90 Consulting Field Biologist/Ecologist, Stereo-photogrammetrist, and Seller of Maps, 

doing business as Western Highlands Consulting, Woodbury, Connecticut.  Field 

biology/ecology component less than ½ time until about 12/87, full-time thereafter.  

Representative projects: 

 Survey and mapping of occurrences of RTE plant species and critical habitats in and 

near the proposed right-of-way for the Iroquois Gas Transmission System Ltd. 24" 

natural gas pipeline: surveyed the entire CT portion and part of the NY portion, a total 

of approximately 700 acres and 55 linear miles.  Also provided botanical support for 

the delineation of Federal Jurisdictional Wetlands. 3/90-6/91. 

 Sampling, identification, and analysis of freshwater aquatic macro-invertebrate 

communities, using RBP III and other protocols, as subcontractor to The Ecological 

Consulting Services (EcoS), East Haven (now Hamden), CT. 

 Performed multi-season bird and wildlife inventories, vegetation inventories and 

habitat/plant community maps, water quality assessments of streams, ponds, and lakes, 

delineation of Federal Jurisdictional Wetlands, delineation of watercourses, and site 

design evaluations, working as subcontractor to EcoS on a number of residential and 

commercial development projects seeking permits in Colchester, Fairfield, 

Marlborough, Glastonbury, Westport, West Hartford, East Lyme, Stamford, Cromwell, 

and Rocky Hill, Connecticut.  9/85-3/90. 

 Produced an evaluation of construction-related sedimentation impacts and a wetland 

restoration plan for a 5-acre inland wetland on the site of the Mall at Buckland Hills, 

Manchester, CT, 8/89-8/90. Client: Fuss & O’Neill, Inc., Manchester, CT. 

 Performed a biological/ecological inventory of a large seasonal pond, provided site 

design recommendations, and testified before the Glastonbury Conservation 

Commission on behalf of The Balf Co., Newington, CT, in support of their application 

for a town mining/excavation permit, 4/89-2/90.  Client: Fuss & O’Neill, Inc.   

 Planning and installation of a number of interpretive nature trails on Girl Scouts of 

America properties, 4/84-5/90.   

 Provided technical support to a citizen’s group opposing a proposed 19-lot subdivision 

in Brooklyn, CT, in the form of application review and testimony before the local 

zoning commission on biological issues, 11/89.   
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SPECIAL PROJECTS 

 

 Partner in research funded in part by The Nature Conservancy into changes in vegetation due to 

beaver activity at Beckley Bog, Norfolk, CT, 5/87-7/90.   

 

 

EDUCATION 

 

 1986 B.S. Chemistry with concentration in Biology, Charter Oak College, based on course 

work completed at Middlesex Community College, University of Connecticut, and Central 

Connecticut State University. 

 1983 A.S. Environmental Science, Middlesex Community College. 

 

Post-graduate course work: 

  

2005 Isoetes Identification – 1.5-day identification and ecology workshop, Delta Institute of 

Natural History, Bowdoin, ME.  Instructor: Carl Lewis. 

2005 Dryopteris and its Hybrids – 1.5-day identification workshop, Delta Institute of Natural 

History, Bowdoin, ME.  Instructor: James D. Montgomery. 

2002 Dragonflies and Damselflies of Southern New England – 1-day workshop, Center for 

Conservation & Biodiversity, University of Connecticut.  Instructors: Dave Wagner, Mike 

Thomas. 

1996 Carex section Ovales Identification Workshop – 2-day course, University of Connecticut 

and Connecticut Museum of Natural History.  Intructor: Dr. Anton Reznicek. 

1996 Sphagnum Identification Workshop – 2-day course, University of Connecticut and 

Connecticut Museum of Natural History.  Instructor: Dr. Anton Damman. 

1995 Prescribed Burn Crew Training Workshop – 2 day workshop, certificate, Virginia Dept. 

of Conservation and Recreation, Division of Natural Heritage. 

1993 Field Methods in Ecology (EEB 452) - graduate level, 2 credits, University of 

Connecticut.  Instructor: Dr. Anton Damman.  Grade: A. 

  1993 Soils (PLSC 250) - undergraduate level, 3 credits, University of Connecticut.  Grade: A. 

 1992 Sedge Identification and Ecology – 1-week workshop, certificate, Eagle Hill Wildlife 

Research Station, Steuben, ME.  Instructor: Dr. Anton Reznicek. 

 1991 Wetland Evaluation Technique (W.E.T. III) – 32-hour training seminar, certificate, 

National Highway Institute, Federal Highway Administration. 

 1989 Delineation of Federal Jurisdictional Wetlands - training seminar, certificate, The 

National Wetland Science Training Cooperative. 

 1987 Geomorphology - graduate level, 3 credits, University of New Haven.  

Grade: A. 

 

 

PRESENTATIONS 

 

 Moorhead, W.H.  “Old Growth Forests of Peters Mountain, Alleghany County, Virginia.”  

Presented at the 73rd Annual Meeting of the Virginia Academy of Science, May 23-26, 1995, VMI, 

Lexington, VA. 
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REPRESENTATIVE TECHNICAL REPORTS 

 

Moorhead, W.H. III.  2010.  A Survey for Rare Plants at Aton Forest: Results of Moorhead Field 

Surveys 2005-2010.  31 pp. plus appendices, including digital GIS products.   

 

Moorhead, W.H. III, C. Chadwick, S. Prisloe, J. Barrett, and N.E. Barrett.  2009.  The Vegetation 

Mosaic of Ragged Rock Creek Tidal Marsh, Connecticut River, Old Saybrook, Connecticut.  A 

final report to Department of Environmental Protection, State of Connecticut.  A Long Island 

Sound License Plate Research Fund project.  39 pp. plus  appendices, including digital GIS 

products. 

 

Moorhead, W.H. III.  2006.  Eightmile River Watershed Biodiversity Report.  Prepared for the 

Eightmile River Wild and Scenic Study Committee.  138 pp. plus digital GIS product.   
 

Moorhead, W.H. III.  2005.  Pachaug Great Meadow Natural Area Preserve and Mount Misery 

Brook – Rhododendron Sanctuary Natural Area Preserve, Voluntown, New London County, 

Connecticut: A Survey of Rare Vascular Plant Species and Provisional Classification and 

Mapping of Vegetation and Natural Communities.  69 pp. plus appendices, including digital GIS 

products.   

 

Moorhead, W.H. III.  2004.  Final Summary Report of Eightmile River Watershed Rare Plant and 

Community Survey, 19 Jun – 27 Oct 2003.  19 pp. plus appendices, including digital GIS 

products.   

 

Moorhead, W.H. III.  2004.  Matianuck Sand Dunes Natural Area Preserve, Windsor, Hartford 

County, Connecticut: Provisional Classification and Mapping of Vegetation and Natural 

Communities.  23 pp. plus appendices,  including digital GIS products. 

 

Moorhead, W.H. III.  2003.  Farmington River Watershed Association 2002 Biodiversity Project. 

 Rare Plant and Natural Community Inventory.  Summary Report.  22 pp. plus     

 

Moorhead, W.H. III.  2001.  Kitchel Natural Area Preserve, Litchfield County, Connecticut.  A 

survey of rare vascular plant species and significant natural communities and provisional 

classification and mapping of vegetation and natural communities.  69 pp. plus appendices.   

 

Moorhead, W.H. III.  2000.  Canaan Mountain Natural Area Preserve, Litchfield County, 

Connecticut: a survey of rare vascular plant species and significant natural communities, and 

provisional mapping of vegetation and natural communities.  Unpublished report submitted to the 

Connecticut Natural Diversity Data Base, Connecticut Dept. of Environmental Protection.  128 pp. 

plus appendices.   

 

Fleming, G.P. and W.H. Moorhead III.  1998.  Comparative wetlands ecology study of the Great 

Dismal Swamp, Northwest River, and North Landing River in Virginia.  Natural Heritage Tech. 

Rep. 98-9, VA Dept. of Conservation and Recreation, Div. of Natural Heritage, Richmond.  

Unpublished report submitted to the U.S. EPA. 

181 pp. plus appendices 

 

Fleming, G.P. and W.H. Moorhead III.  2000.  Plant communities and ecological land units of the 
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Peters Mountain area, James River Ranger District, George Washington and Jefferson National 

Forests, Virginia.  Natural Heritage Tech. Rep. 00-07, VA Dept. of VA Dept. of Conservation and 

Recreation, Div. of Natural Heritage, Richmond.  Unpublished report submitted to the USDA 

Forest Service. 195 pp. plus appendices 

 

Fleming, G.P. and W.H. Moorhead III.  1996.  Ecological land units of the Laurel Fork area, 

Highland County, Virginia.  Natural Heritage Tech. Rep. 96-08, VA Dept. of VA Dept. of 

Conservation and Recreation, Div. of Natural Heritage, Richmond.  Unpublished report 

submitted to the USDA Forest Service. 114 pp. plus appendices 

 

Belden, A. Jr. and W.H. Moorhead III.  1996.  A Natural Heritage Inventory of the Clinch Ranger 

District III, George Washington and Jefferson National Forests, Virginia.  Natural Heritage Tech. 

Rep. 96-10, VA Dept. of VA Dept. of Conservation and Recreation, Div. of Natural Heritage, 

Richmond.  Unpublished report submitted to the USDA Forest Service. 106 pp. plus appendix. 

 

Ludwig, J.C., W.H. Moorhead, and A. Belden. 1995. A Natural Heritage Inventory of the Clinch 

Ranger District II, George Washington and Jefferson National Forests.  Natural Heritage Tech. 

Report 95-3.  Virginia Dept. of Conservation and Recreation, Division of Natural Heritage.  

Unpuplished report submitted to the USDA Forest Service.  66 pp. plus appendices. 
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Introduction 
 
On behalf of SolarCity Corporation, Boundaries LLC has prepared the following stormwater 
management report for the proposed solar photovoltaic development to be located at 1240 
Poquonnock Road in Groton, Connecticut.  The proposed development consists of an approximately 
4.1 MW DC solar photovoltaic development on open space adjacent to the Groton reservoir (three 
locations/mounting planes). This stormwater management report has been prepared to determine the 
potential for the proposed development to impact existing stormwater runoff patterns and flow rates.  
The proposed development makes use of low impact development techniques in order to limit the 
impacts to stormwater flow patterns and flow rates.   
 
The new construction includes solar panels mounted on pole driven racking and electrical equipment 
installed on concrete pads.  The mounting posts for the solar arrays will be pole driven approximately 
8-feet into the ground.  The existing gravel roadways and perimeter security fence will be utilized for 
this project thus minimizing land disturbance and construction impacts. The proposed project areas 
are shown on the Location Map included as Figure 1. 
 
The primary purpose of this stormwater management report is to demonstrate how the proposed solar 
arrays may affect the existing runoff flow patterns.  The proposed solar panel system is raised above 
grade by approximately 2-feet at its leading edge (lowest end).  With the exception of selected areas 
to be cleared, and the installation of the pole driven supports and equipment pads, the proposed 
project area surfaces and terrain remain essentially unchanged.  These low impact techniques will 
result in minimal impact on the runoff flow and flow patterns.  
 
According to the Natural Resources Conservation Service (NRCS) Web Soil Survey the soils on the 
reservoir site are classified Haven and Enfield soils, 0 to 3% slopes.  Haven and Enfield soils are 
classified as Hydrologic Soil Group B.  The Soils Report is provided in Appendix A. 
 
Existing and post-development conditions hydrographs were estimated using the hydrologic modeling 
program HydroCAD.  The methodology selected was NRCS TR-20.  Times of concentration were 
estimated using multiple segment flow paths as described in the NRCS TR-55 manual.  The Type III 
24-hour storm was analyzed under antecedent moisture condition two.  HydroCAD modeling results 
are presented in Appendix B.   
 
The regulated inland wetlands resource areas in the vicinity of the project were determined by 
Matthew Gustafson of All-Points Technology, a certified soil scientist.  The wetland areas are primarily 
adjacent to the Groton Reservoir on the western side of the site and Smith Lake on the eastern side of 
the site.  Two vernal pools were also identified in the wooded area east of Mounting Plane 2 and north 
of Mounting Plane 3.  Buffer areas (defined by All-Points Technology) will be maintained between the 
proposed project areas and the wetland resource areas to minimize impacts to the regulated 
resources.  For additional information regarding the locations of the regulated wetland resources 
within the project areas, please see Sheets 2 and 3 of the Proposed Site Development Plans included 
in Appendix C.    

Existing Conditions 
 
The proposed project area consists of approximately 13.5 acres of the 290.5-acre parcel that contains 
the Groton reservoir, water treatment plant, the existing Poquonnock Road electrical substation, 
transmission lines, and various parcels of open space.  The property is zoned RS-20. The open space 
on the property consists of wooded areas and open fields mowed periodically by the Groton Utilities 
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Department.  The property is adjacent to residential properties to the south and west, by Interstate 95 
to the north, and by CT Route 117 and a church to the east.  Existing conditions of the property are 
shown below. 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

Aerial Photograph of Project Area 
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During storm events, excess runoff flows overland from the Mounting Planes 1 and 2 to the Groton 
reservoir, or flows overland along the existing gravel road to the wooded areas to the east of the 
proposed solar arrays.  Runoff from Mounting Plane 3 primarily flows overland to the adjacent 
properties owned by the City and Town of Groton to the south.  A small portion of Mounting Plane 3 
also flows overland to a wooded property to the east.  Existing conditions sub-watersheds are shown 
on Figure 2.  Existing conditions sub-watersheds were delineated using recent topographic survey 
data.  Land uses were estimated based on site inspections, aerial photography and survey data.  
 
Runoff Curve Numbers (CN) used for the existing conditions analysis are as follows: 61 (>75% grass 
cover) for the grassed areas in Hydrologic Soil Group B, 60 (woods with fair ground cover) for the 
wooded areas in Hydrologic Soil Group B, and 85 (gravel roads) for existing unpaved access drives 
and gravel/stone areas associated with the existing electrical utilities and substation.    
 
The existing conditions sub-watersheds are described further below: 
 
Drainage Area #1S (DA #1S) 
 
This 5.1± acre drainage area encompasses the northern portion of Mounting Plane 1. The drainage 
area is comprised of dense grass and wooded areas. The weighted CN of the drainage area is 60.  
This area drains generally northwesterly via overland flow through the open field to the wooded area 
along the border of the Groton Reservoir.  The drainage area is bounded by the reservoir to the north 
and west and the existing gravel access road and Smith Lake to the east.  
 
Drainage Area #2S (DA #2S) 
 
This 5.4± acre drainage area encompasses the southwestern portion of Mounting Plane 1 and the 
central and southern portions of Mounting Plane 2. The drainage area is comprised of dense grass 
with some isolated trees and a portion of the existing gravel access drive and electrical substation. 
The weighted CN of the drainage area is 62.  This area drains generally westerly via overland flow 
through the open field to the reservoir.  The drainage area is bounded by the reservoir to the west and 
the existing gravel access drive to the east.   
 
Drainage Area #3S (DA #3S) 
 
This 4.0± acre drainage area encompasses the southern portion of Mounting Plane 1and the northern 
portion of Mounting Plane 2. The drainage area is comprised of dense grass and a portion of the 
existing gravel access drive and electrical substation. The weighted CN of the drainage area is 64.  
This area drains generally southeasterly via overland flow along the existing transmission lines before 
entering the wooded area to the east. 
 
Drainage Area #4S (DA #4S) 
 
This 4.3± acre drainage area encompasses the majority of Mounting Plane 3. The drainage area is 
comprised of woods, some dense grass areas, and a portion of the existing gravel access drive and 
electrical substation. The weighted CN of the drainage area is 62.  This area drains generally 
southerly via overland flow through the wooded areas before flowing off-site to the undeveloped 
properties to the south owned by the City and Town of Groton. 
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Drainage Area #5S (DA #5S) 
 
This 0.4± acre drainage area encompasses the eastern portion of Mounting Plane 3. The drainage 
area is comprised of woods and some maintained grass areas.  The weighted CN of the drainage 
area is 60.  This area drains generally easterly via overland flow to the adjacent wooded property. 
 
Existing conditions peak runoff rates were analyzed at the downgradient limits of the proposed 
development areas. The existing conditions peak runoff rates will be compared to the post-
development peak runoff rates to determine the effect of the proposed development on existing 
stormwater runoff patterns.  Existing conditions peak flow rates are summarized below in Tables 1 
through 2.  Detailed modeling results are included in Appendix B. 
 

Table 1 
Peak Runoff Rates – Mounting Planes 1 and 2 Existing Conditions 

Storm Event DA #1S 
(CFS) 

DA #2S 
(CFS) 

DA #3S 
(CFS) 

2-Year 1.2 1.7 1.2 
5-Year 2.8 3.5 2.3 
10-Year 4.2 5.2 3.3 
25-Year 5.8 7.0 4.4 
50-Year 7.3 8.7 5.4 
100-Year 9.4 11.0 6.8 

 
Table 2 

Peak Runoff Rates – Mounting Plane 3 Existing Conditions 
Storm Event DA #4S 

(CFS) 
DA #5S 
(CFS) 

2-Year 0.8 0.1 
5-Year 1.7 0.2 
10-Year 2.5 0.3 
25-Year 3.4 0.4 
50-Year 4.2 0.5 
100-Year 5.3 0.7 

 
Proposed Conditions 
 
The proposed improvements to the site include the installation of solar panels mounted on steel posts 
driven into the ground and electrical equipment mounted on concrete pads. Additionally, 
approximately 3.9 acres of wooded areas will be cleared and seeded with grass to accommodate the 
solar arrays.   
 
Installation of the solar arrays will consist of clearing the select wooded areas located within the 
project limits, seeding and mulching the disturbed areas, mowing the dense grass inside the proposed 
development areas, installing proposed metal racking posts, installing and anchoring the solar array 
panels to the racking system, and installing the necessary electrical equipment for harvesting power. 
 
The stormwater analysis was conducted to determine if the proposed development would result in 
significant changes to existing flow patterns, water quality, or peak runoff rates. The design 
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incorporates measures for limiting disturbed areas and minimizing increases in new impervious area. 
Proposed impervious areas are limited to the steel posts for the proposed racking system, and the 
proposed electrical equipment pads.  The existing gravel access drives will be utilized for access to 
the project area. 
 
The W8X10 steel posts each cover 2.96 square inches (0.02 square feet) and they are spaced 
approximately 16 feet along each row of solar arrays.  The proposed concrete equipment pads are 
approximately 20 feet by 20 feet and cover approximately 400 square feet each. The changes in 
impervious areas and CN values for each drainage area as a result of the proposed development are 
presented below in Table 3 – Impervious Area Summary.  The increases in CN values are primarily 
due to the clearing required to install the proposed solar arrays. 

 
Table 3 

Impervious Area Summary 
Drainage 
Area 

Proposed 
Racking 
System 

(SF) 

Proposed 
Concrete 
Pads (SF) 

Total 
Proposed 

Impervious 
Area (SF) 

Total 
Watershed 
Area (SF) 

CN 
(Pre) 

CN 
(Post) 

DA #1S-A 0 0 0 0 60 57 
DA #1S-B 8 0 8 221,024 60 61 
DA #2S-A 0 0 0 0 62 61 
DA #2S-B 4 800 804 235,573 62 62 
DA #3S 4 800 804 174,284 64 64 
MP-1/2 Total 16 1,600 1,616 630,881 62 62 
DA #4S 7 400 407 187,084 62 63 
DA #5S 1 0 1 18,251 60 61 
MP-3 Total 8 400 408 205,335 62 63 

 
Proposed conditions sub-watersheds are shown on Figure 3.  Proposed conditions sub-watersheds 
were delineated using topographic survey data.  Land uses were estimated based on site inspections 
and by using the proposed site development plan.  
 
Runoff Curve Numbers (CN) used for the proposed conditions analysis are as follows: 61 (>75% 
grass cover) for the grassed areas (solar array areas) in Hydrologic Soil Group B, 60 (woods with fair 
ground cover) for wooded areas in Hydrologic Soil Group B, 85 (gravel roads) for existing unpaved 
access drives and gravel/stone areas associated with the existing electrical utilities and substation, 
and 98 (impervious) for solar array posts and concrete equipment pads.   
 
The proposed improvements to the existing conditions sub-watersheds are described further below: 
 
Drainage Area #1S-A (DA #1S-A) 
 
DA #1S-A consists of the approximately 1.3 acres of undisturbed land between the reservoir and the 
proposed water quality swale.  This area is partially wooded and has a dense grass cover in non-
wooded areas.  The weighted CN of the drainage area is 57.  The drainage area is bounded by the 
reservoir to the north and west and the proposed water quality swale to the south and east.  The 
existing runoff flow paths will not be affected by the proposed development as there is no proposed 
grading of the area. 
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Drainage Area #1S-B (DA #1S-B) 
 
Approximately 1.8 acres of the existing wooded area (2.6 acres in total) will be cleared, seeded with 
grass, and mulched prior to construction.  The remaining area will be mowed prior to construction.  
The proposed improvements to this drainage area include the installation of approximately 372 posts 
(8 square feet) for the proposed racking system.  The posts are spaced at approximately 16 feet along 
the proposed solar arrays and will support the solar modules.  The weighted CN of the drainage area 
is 61.  This area drains generally northwesterly via overland flow through the open field to the 
proposed water quality swale at the limit of the solar arrays.  There is a decrease in the time of 
concentration travel time in comparison to existing conditions due to the clearing required for 
installation of the solar modules in this area. The result of the shorter travel time is an increase in 
peak runoff rates.  In order to attenuate the peak runoff rates and provide treatment of the stormwater 
runoff the water quality swale will collect runoff in bio-filtration cells at the low points.  The bio-filtration 
cells will overflow to the reservoir through vegetated swales during inundated conditions.  The 
drainage area is bounded by the water quality swale to the north and west and the existing gravel 
access road and Smith Lake to the east.  The existing runoff flow paths will not be affected by the 
proposed development as there is no proposed grading of the site, other than the construction of the 
water quality swale.  The proposed water quality swale/bio-filtration cells will result in the reduction in 
peak runoff rates. 
 
Drainage Area #2S-A (DA #2S-A) 
 
DA #2S-A consists of the approximately 1.0 acres of undisturbed land between the reservoir and the 
proposed water quality swale.  The area consists of a dense grass cover.  The weighted CN of the 
drainage area is 61.  The drainage area is bounded by the reservoir to the west and the proposed 
water quality swale to the east.  The existing runoff flow paths will not be affected by the proposed 
development as there is no proposed grading of the area. 
 
Drainage Area #2S-B (DA #2S-B) 
 
In Drainage Area #2S-B, individual trees will be cleared and the minor disturbed areas will be seeded 
and mulched prior to construction.  The grassed area will be mowed prior to construction.  The 
proposed improvements to this drainage area include the installation of approximately 167 posts (4 
square feet) for the proposed racking system.  The posts are spaced at approximately 16 feet along 
the proposed solar arrays and will support the solar modules.  Two 20 foot by 20 foot concrete 
equipment pads will also be constructed in this area.  The weighted CN of the drainage area is 62.  
This area drains generally westerly via overland flow through the open field to the water quality swale.  
The drainage area is bounded by the water quality swale to the west and the existing gravel access 
drive to the east. In order to provide treatment of the stormwater runoff the water quality swale will 
collect runoff in bio-filtration cells at the low points.  The bio-filtration cells will overflow to the reservoir 
through vegetated swales during inundated conditions. The existing runoff flow paths will not be 
affected by the proposed development given there is no proposed grading of the site, other than the 
construction of the proposed water quality swale. 
 
Drainage Area #3S (DA #3S) 
 
In Drainage Area #3S, individual trees will be cleared and the minor disturbed areas will be seeded 
and mulched prior to construction.  The grassed area will be mowed prior to construction.  The 
proposed improvements to this drainage area include the installation of approximately 211 posts (4 
square feet) for the proposed racking system.  The posts are spaced at approximately 16 feet along 
the proposed solar arrays and will support the solar modules.  Two 20 foot by 20 foot concrete 
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equipment pads will also be constructed in this area.  The weighted CN of the drainage area is 64.  
This area drains generally southeasterly via overland flow along the existing transmission lines before 
entering the existing wooded area to the east.  The existing runoff flow paths will not be affected by 
the proposed development given there is no proposed grading of the site. 
 
Drainage Area #4S (DA #4S) 
 
Approximately 1.9 acres of the existing wooded area (2.2 acres in total) will be cleared, seeded with 
grass, and mulched prior to construction.  The remaining area will be mowed prior to construction.  
The proposed improvements to this drainage area include the installation of approximately 331 posts 
(7 square feet) for the proposed racking system.  The posts are spaced at approximately 16 feet along 
the proposed solar arrays and will support the solar modules and wiring.  One 20 foot by 20 foot 
concrete equipment pad will also be constructed in this area.  The weighted CN of the drainage area 
is 63.  This area drains generally southerly via overland flow through the proposed solar array areas 
before flowing off-site to the undeveloped properties to the south owned by the City and Town of 
Groton. There is a decrease in the time of concentration travel time in comparison to existing 
conditions due to the clearing required for installation of the solar modules in this area. The result of 
the shorter travel time is an increase in peak runoff rates.  In order to dissipate the concentrated flow 
of runoff and reduce the flow velocities, a crushed stone check dam/berm will be constructed along 
the downgradient edge of the solar array area in the areas to be cleared.  The check dam results in a 
longer time of concentration travel time and reduces the peak runoff rates from the cleared areas.  
The existing runoff flow paths will not be affected by the proposed development as there is no 
proposed grading of the site.  The proposed stone check dam will result in the reduction in peak runoff 
rates. 
 
 
Drainage Area #5S (DA #5S) 
 
The approximately 0.2 acres of woods in the area will be cleared, seeded with grass, and mulched 
prior to construction.  The remaining area will be mowed prior to construction.  The proposed 
improvements to this drainage area include the installation of approximately 36 posts (1 square foot) 
for the proposed racking system.  The posts are spaced at approximately 16 feet along the proposed 
solar arrays and will support the solar modules.  The weighted CN of the drainage area is 61.  This 
area drains generally easterly via overland flow to the adjacent wooded property.  The existing runoff 
flow paths will not be affected by the proposed development as there is no proposed grading of the 
site. 
 
Proposed conditions peak flow rates were analyzed at the down-gradient limit of the proposed 
development areas as there are no existing stormwater management systems in place on these sites 
and runoff flows overland.  The change in peak runoff rates as a result of the proposed improvements 
are summarized below in Tables 4 and 5.  Detailed modeling results are included in Appendix B. 
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Table 4 
Peak Runoff Rates – Mounting Planes 1 and 2 Post-Development vs. Pre-Development 

 DA #1S-A/B DA #2S-A/B DA #3S 
Storm 
Event 

Post 
(CFS) 

Pre 
(CFS) 

Change 
(CFS) 

Post 
(CFS) 

Pre 
(CFS) 

Change 
(CFS) 

Post 
(CFS) 

Pre 
(CFS) 

Change 
(CFS) 

2-Year 1.2 1.2 +0.0 1.6 1.7 -0.1 1.2 1.2 +0.0 

5-Year 2.7 2.8 -0.1 3.3 3.5 -0.2 2.3 2.3 +0.0 

10-Year 4.1 4.1 +0.0 4.8 5.2 -0.4 3.3 3.3 +0.0 

25-Year 5.6 5.8 -0.2 6.5 7.0 -0.5 4.4 4.4 +0.0 

50-Year 6.9 7.3 -0.4 8.1 8.7 -0.6 5.4 5.4 +0.0 

100-Year 8.9 9.4 -0.5 10.3 11.0 -0.7 6.8 6.8 +0.0 

 
Table 5 

Peak Runoff Rates –Mounting Plane 3 Post-Development vs. Pre-Development 
 DA #4S DA #5S 
Storm 
Event 

Post 
(CFS) 

Pre 
(CFS) 

Change 
(CFS) 

Post 
(CFS) 

Pre 
(CFS) 

Change 
(CFS) 

2-Year 0.8 0.8 +0.0 0.1 0.1 +0.0 
5-Year 1.6 1.7 -0.1 0.2 0.2 +0.0 
10-Year 2.4 2.5 -0.1 0.3 0.3 +0.0 
25-Year 3.2 3.4 -0.2 0.5 0.4 +0.1 
50-Year 4.0 4.2 -0.2 0.6 0.5 +0.1 
100-Year 5.0 5.3 -0.3 0.7 0.7 +0.0 

 
Due to the minimal impervious area increase associated with the proposed post mounted solar arrays 
there is a very limited impact on the post-development CN values.  The peak flow rates are impacted 
more by the reduced times of concentrations and the limited clearing associated with the project than 
as a result in the minimal increases in impervious areas.  To mitigate the effects of the change in 
surface conditions the following measures have been included in the proposal: 

• A water quality swale is proposed between DA #1S-B (Mounting Plane 1) and DA #2S-B 
(Mounting Plane 2) and the reservoir.  The swale will collect the runoff in small bio-filtration 
cells, reducing velocities and providing treatment of runoff.  Runoff will be discharged through 
vegetated overflow channels constructed at low points along the swale. 

• A crushed stone check dam is proposed south of DA #4S (Mounting Plane 3) to dissipate the 
concentrated runoff flow and increase the travel times, resulting in an attenuation of peak 
runoff rates.  

 
As presented above, the proposed low impact development has extremely limited effects on peak 
runoff rates.   
 
Runoff from DA #5S increases slightly as a result of the proposed development, as presented above 
in Table 5.  Runoff from this drainage area currently flows overland to an adjacent wooded buffer 
along an existing parking lot.  Due to the wooded cover in the area of off-site overland flow and the 
lack of an existing stormwater management system point discharge, and current conditions being 
maintained and essentially unchanged, it is believed that the minimal increases in peak flow rates 
should not negatively impact down gradient areas.  Additionally, the decreases in peak runoff rates 
from DA #4S result in a net decrease in peak runoff rates from the Mounting Plane 3 development 
area when viewed as a whole. 
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The stormwater management system is also required to treat the runoff from the proposed impervious 
areas.  The two proposed stormwater mitigation measures described above meet the treatment 
requirements as described in the 2004 DEP Stormwater Quality Manual. The required groundwater 
recharge volume and water quality volume is 397 cubic feet.  The calculations of the treatment 
volumes are included in Appendix B.    

• The proposed bio-filtration cells in the water quality swale will provide the storage capacity to 
meet the requirements for both the water quality volume for pollutant reduction as well as 
groundwater recharge. The volume calculations for the proposed bio-filtration cells are 
included in Appendix B.  Approximately 55 cubic feet of storage is provided per bio-filtration 
cell, for a total of approximately 495 cubic feet of retention.   

• The proposed crushed stone check dam will be embedded into the existing grade to provide 
the storage capacity to meet the requirements for both the water quality volume for pollutant 
reduction as well as groundwater recharge.  The volume calculations for the proposed check 
dam is included in Appendix B.  Approximately 150 cubic feet of retention is provided.   

 
Because the total amount of runoff retained on-site (645 cubic feet) exceeds the required volume of 
397 cubic feet the proposed stormwater treatment measures are sufficient to offset the minimal 
increases in impervious area associated with the project. 

Summary 
 
As discussed above the proposed development has been expressly designed to limit the impacts to 
existing stormwater runoff flow rates and patterns.  The existing runoff flow paths will be maintained 
and while there are minor modeled increases in some peak runoff rates from the existing sites, we are 
confident that they should not have a negative impact on down gradient areas. 
 
The proposed improvements are shown on plans titled “Poquonnock Road Solar Project, 
Development and Management Plan, Prepared for SolarCity Corporation, 1240 Poquonnock Road, 
Groton, Connecticut, September 2015, Job I.D. No. 15-2347, Cover Sheet through Sheet 10 of 10” 
prepared by Boundaries LLC.   
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