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Shaping the Future

- April 10, 2017 Cardno GS, inc.
. . . 501 Butler Fzmm Road '
Bill Biddlecome Hamptan, VA 23666

Washington Field Office Regulatory Chief

Army Corps of Engineers, Wilmington District Phone #1757 534 1465

Fax #1757 594 1469

CESAW-RG-W " wwweardno.com
2407 West 5% Street
Washington, NC 27888 wwis,cardno.com

Subject: Wilkinson Solar, Invenergy LLC
Town of Pantego, Beaufort County, NC
Jurisdictional Wetland Delineation

Dear Mr Biddleceme:

Cardno as agent for Invenergy, 1s under contract to conduct a jurisdictional wetland delineation of an
approximately 717 acre site in Beaufort County, NC and requests. a pre-jurisdictional determination meeting to
discuss the methodology to be utilized to delineate the project area. The project limits are. :Ilustrated on the
attached exhibit and are primarily agricultural fields and support facilities.

As you know, the Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Atlantlc and
Gulf Coastal Plain (2010) identifies the defineation methodology for agricultural lands that are being converted
to-other uses as a “Difficult Wetland Situation”. Cardno would like to discuss our proposed methodology and
get any feedback from you and your staff ahead of fime 1o allow the delineation effort ta move forward as
smoothly as possible.

We appreciate your time and altention to this effort and look forward to hearing back from you or one of your
staff to schedule this meeting, .

Sincerely,

John M. Lowenthal, PWS, PWD '
Associate/Senior Biologist

Cardno |
John.lowenthal@gcardno-gs.com

Encl: Figure 1: Proposed Project Limits

¢t Andrea Giampoli, Invenergy
Joe von Wahide, Cardno

Australia » Belgium + Ganada « Ecuedor » Gemmany » Indonesia + Maly « Kenya +
New Zegfand « Papua New Guinea « Paru » Tanzanmia + United Arab Emirales »
United Kingdom = United States + Operalicns in 85 couniries

>

OFFICIAL COPY

Apr 05 2018

Wilkinson Solar LLC -- von Wahlde Supplemental Exhibit 1



Ragmia B!
_iﬂ“
Jotiias bz

e

-

f yizamingten

~_i Project Limits - 717 acres

e R e St P

r?""j? UL,

mlmaﬂns

haHmay: 0% 1.
i I@% r‘;h' "snrﬁ .1-.

'ﬁﬁgﬁgif

Figuwa s Ficpesse Preset s
Wilkinson Solar

Invenergy, LLC
Town of Pantego. Boaufort County, NC

0§ . 05 . B.5Miles

QJ@ Cardno

/ Shaping Urn Netum

!

Deto umm

Path rote .:\15\15!\15!001!!60 _Invererpy_Moste ATGXOD1MDZ_fGDIS5400 Y
Caarap NCDRT G UM, Daten Esee RERE, Delanes, USSD, emad, INCAEMERT P HACAN Er0 Seasn KT, Lw)Chera (1w Wongt, End Koree, E(I‘ {Traiana), Mepingndis, BGCT, € 0p4nSineidap costribier, £nd U GIS User Commurty, Sowrcs Exrl, DicadGicd e, Ges Bye, Enrneinf Gaagraphion, ENEAIANDY B2, USDA, UGS AuoGRID, IGH and o 613 et Cemmunty

&b Niocation map.; mld

G3Atalys Aeneren lirals

Apr 05 2018

OFFICIAL COPY



Wilkinson Sclar Energy Center | Beaufort County, North Carolina
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April 4, 2018
“Paul Thienpont :
Manager, Renewable Englneertng

Invenergy
One South Wacker Drive, Suite 1800, Chicago, IL 60606

RE: Jinko Solar Photavaltaic Modules and Dupont GenX chemical

Dear Nir. Pau] Thienpont,

i
Jinko Solar, a solar panel manufacturer and part of the Jinko Solar Holding Co., Ltd. (NY§E: JKS), a
vertically-integrated solar power salar photovaltaic module manufacturer, hereby confirms that neither
the Gen X or PFAS chemical compounds are used in any of the materials used to manufacturer Jinko
Solar photovoltaic modules. The Gen X and PFAS compound is not used in any of the Dupont supplied
materials for the Jinko Solar photovoltaic module and the letter attached from Dupont can provide
further canfirmation.

‘We at Jinko Solar are committed to the highest standards of business ethics and always conduét
business in accordance with appllcable laws, rules and regulations. Jinko Solar's corporate governance-
policies are designed to protect the interests of its shareholders, and promote responsible business
practices and corporate citizenship. ) '

Sincerely, .

Daniel Chang
Technical Director — Narth America
Jinko Solar U.S. Inc
595 Market St. ST 2200
San Francisco, CA 94105
Sofar

JerafC

Gy Vout Inasd e s !
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Statement

QUPONT -

WILMINGTON, Delaware, April 4, 2018 — As the industry leader in solar solutions that delivers proven
power and lasting value for the solar industry, DuPont Photovoltaic Solutions doesnot use Gen X or PFAS
compounds in the production or processing of Tediar® polyvinyl fluoride films, which are widely used in
backsheets for solar panels. )

Teflon® PTFE is not sold into PV module applications. DuPont does not currently market or sell FEP for
PV applications, and has not marketed or sold FEP in the past three years, JinkoSolar is only a customer for
Tedlar®.

DuPont Photovoltaic. Solutions (DPVS) is the leading supplier of specialty materials to the s'olar Cnergy
industry. Since 1975 more than half of the world’s 900 million installed solar panels contain DuPont materials.
The DPVS portfoho including Solamet™ photoveltaic metallization pastes and DuPont™ Tedlar® polyvmyl

fluoride films, is the established benchmark of the industry, delivering lifelong value through proven performance,

réliability, efficiency and best return on investment. To leam more, please visit http://photovoltaics.dupont.com.

#t##

Contact: Tara Stewart
302-650-3063
Tara.c.stewart@dupont.com
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China's JinkoSolar must face U.S. lawsuit over
pollution, protests

Jonathan Stempel 3 MIN READ ¥ §

NEW YORK (Reuters) - JinkoSolar Holding Co must face a shareholder lawsuit accusing the Chinese solar
panel maker of concealing that one of its factories was dumping toxic waste into a nearby river, a U.S. appeals

court ruled on Thursday.

The decision by the 2nd U.S. Circuit Court of Appeals in New York overturned a lower court’s January 2013
dismissal of the case against JinkoSolar and its underwriters, sending the lawsuit back to U.S. District Judge
Paul Oetken.

The appeals court said JinkoSolar’s failure to disclose “ongoing, serious pollution problems” in prospectuses for
two stock offerings in 2010 “rendered misleading” statements about its other efforts to comply with Chinese

environmental laws.

JinkoSolar’s share price fell 40 percent over three trading days in September 2011 after hundreds of people
gathered at its plant on the outskirts of Haining, in China’s Zhejiang province, whose pollution they claimed was

killing fish in a nearby river.
Some protesters overturned vehicles and damaged nearby buildings before riot police dispersed the group.

JinkoSolar’s American depositary shares were down $1.08, or 4.1 percent, at $25.17 in morning trading. The

company and its law firm did not immediately respond to requests for comment.

About Cookies on this site X

Our site uses cookies and other technologies so that we, and our partners, can remember you and understand how you use our site. Access
our Cookie Consent Tool, as seen on every page, to see a complete list of these technologies and to tell us whether they can be used on
your device. Further use of this site will be considered consent.



|
In a prospectus for its May 2010 initial public offering, JinkoSolar had described having installed equipment at

its plants to lower pollution, and hired 24-hour-a-day environmental monitoring teams [0 ensure compliance

with Chinese standards. i

But shareholders said JinkoSolar’s failure to reveal the pollution it was creating made its other staterr[lents

misleading, constituting securities fraud. *

Writing for a three-judge 2nd Circuit panel, Circuit Judge Ralph Winter said JinkoSolar could have disclosed
1
more, even if its prospectuses “gave comfort” to investors that it was trying to comply with environmental

1

regulations.
|

“These descriptions did not guarantee 100% compliance 100% of the time,” Winter wrote. “Such compliance
may often be unobtainable, and reasonable investors may be deemed to know that. However, investors would be
misled ... if in fact the equipment and 24-hour team were then failing to prevent substantial violaﬁon:s of the

Chinese regulations.” !

Michael Bigin, a lawyer for the shareholders, said his clients are pleased, and look forward to pursuinlg their

case, which seeks class-action status.

The case, which spells the company’s name differently, is Meyer et al v. JinkoSolar Holdings Co et all 2nd U S.
Circuit Court of Appeals, No. 13-616. L

Editing by Grant McCool

Our Standards: The Thomson Reuters Trust Principles,




[Kimley»Horn

MEMORANDUM - '

Ta: Ryan Van Portfliet, Invenergy, LLC ,

Fraom: John Barefoot, P.E.
Date: June.20,.2017

Subject:  Proposed Wilkinson Solar Facility
Washington, NC :
Preliminary Stormwater Memo

O KA CE SpY

“This memorandum delails a preliminary review of stormwater requirements, anticipated siormwater
management design, and steps for future in-depth stormwater analysis in regards to the development
of the proposed Wilkinson Solar Facility.

Project Understanding

The proposed Wilkinson Solar Facility is locaied on an +717 acre site located af the intersection of
Terra CGeia Road (SR 1612) and Christian School Road (SR 1619) to the east of the City of Washington
in Beaufort Gounty, North Carolina. The proposed site occupies land on eight separate parcel:'«;, some
being north and some’being south-of Terra Ceia Road.

A site visit was conducted on 6/18/2017 by a Kimley-Horn rebresentati\.'e to review the Ie}n:isling
condifions of the proposed project area. The site’s current use is cultivated farm land. The exisling
topography is very flat and drainage relief is providad by existing ditches which transverse the fields at
regular intervals. These drainage ditches convey runoff out of the fields and into larger canals along
ihe -adjacent roads. The large canals route stormwater runoff irito tributaries of the Pamlico Seund,
While it was evident by.swept vegetation that the canals have experienced large rain events in the past,
they were heavily vegetated and stabilized at the time of the site visit. images of the existing condifions
taken at the subject site visit are included as Attachment A.

It is our understanding that the construction of the proposed solar facility will consist of the following:

©  Ground-mounted arrays of photovoltaic panels amanged in rows and mounied on single-axis
frackers; ’

s Inverters, combiners, and transformers;

o  Substation and battery storage. faciiity;

o Buried electrical' conduits;

s  Onsite unpaved access roads and interior access paths;

o  Chain link security fencing located along the site perimeter; and

o Gravel-surfaced access driveways from the adjacent roadways

Gl 3 R N B £t

Wilkinson Solar LLC — Barefoot [Supplemental Exhibit 1}
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Kimley»Horn Page2

The proposed construstion will require the disturbance of approximately 580 acres of land based on
préliminary site layouts. This disturbed iand currently does not appear to contain impervious area. It is
anlticipated that approximately three acres of impervious surface will be added to this area which include
new access roads and equipment pads. This would be an impervious area increass of approximately

0.5%. The-proposed solar panels on site are viewed as pervious as detailed in the following section.
- |

Stormwater Management Rules and Regulations

The North Carolina Department of Environmental Quality {NCDEQ) has stormwater and erosion control
permitiing authority for the proposed project site. With the proposed site being located in a costal county
and adding over 10,000 square feet of built upon area, it is anticipated that a stormwater permit will be
required. To receive a stormwater permit, the site design will need to meet the requirements of the
NCDEQ stormwater design manual, specilically the low density chapter and new Solar Fatrm chapter.
Based -on the preliminary site layout, it is antficipated the project will be considered low density by
NCDEQ as it shotid meet the built upon area requirements and utilizes vegetative conveyances.

As mentioned above, a new Salar Farm chapterin the NCDEQ stormwater design manual was added
in 2016 and last updated in April of 2017, This chapter gives specific guidance for solar sites. The
NCDEQ stormwater manual list requirements for all accepted stormwater control measures: and their
design criteria which must be met in order to receive a stormwater permit through NCDEQ. ]n short,
the new chapter explains that as iong as the panels are disconnected they are not classified,as built
Upon area.and sheet flow should be maintained. NCDEQ defines disconnected as the width hetween
the rows of panels being greater than or equal to the panel width. The chapter also-contdins other
recommendations for design praclices. The solar faim chapter of the NCDEQ stormwaler design
manual is included for reference as Attachment B.

This understanding Is further reinfarced by a report in the Journal of Hydrologic Englneering fitled
*Hydrologic Response of Solar Farms” dated May 2013, The conclusion of this report after various
testing procedures were carried out is the addition of solar panels over a grassy field has very liitle
effecl on the volume of runoff, the peak discharge, and the time to peak. With each analysis, the runoff
velume increased slightly but not enough to reguire storm-water management facilities. The Hydrologic
Response of Solar Farms report is included for reference as Attachment C.

An erosion and sediment control permit will be needed as the site-disturbs over ons acre. The proposed
temporary erosion control measures on site will need to be in compliance with the NCDEQ Sediment
and Erosion Control Manual in order to receive an erosion and sedimeni control permit through
NCDEQ. «‘

If the proposed design impacts any wetlands or streams that may be present on site, permitfing Ithrough
the Army Corps of Engineers will be reguired, ‘

Anficipated Stormwater Management Design

The goal for the proposed Wilkinson facility will be to maintain natural drainage patterns to the méaximum
extent possible. A= with all development, grading construction activities are cost-adders to the facility,

70558
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Kimley»Horn page 3

i
and thus, developers are incentivized to minimize the need for those activities in their designs. This
approach pairs well with the low-density nature of solar facilities and with less grading comes less
potential for erosion. Where an access road or path must cross a drainage ditch, an appropriately sized
culvert will be placad to make the crossing. Due to the alignment of the solar panel rows nat rn:atching
the alignment of existing ditches, panels will need to cross over existing ditches. This layott and
approach has warked on other nearby solar sités.in Shawboro and Beaufort, NC, that Kimley-l—l’orn has
designed recently. These sites were very similar to the proposed Wilkinson solar sile as they alsohad
2-3 foot deep-drainage ditéhes traversing relatively flat fields. The panels were able to cross the diiches
without {he need for grading or realignment, Please see image below for ane example of thistow-impact
design. Please be aware that when rows of panels cross existing field ditches, there will likely be
increased cost for long term ditch maintenance that should be taken into consideration; by the
owner/developer,
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Kimley»Horn  Pages

During the civil design process, ‘existing culverts, new culverts, and difch cross sections within the
projett area will be checked to confirm they are adequately sized to convey runoff from their respective
-drainage areas.

Further, the current.cultivated agricultural land use has a higher curve number than the managed open
space that the sile will be classified as under the proposed soiar use. The curve number is a way to
relate site rainfall to site runoff and is based on soils, plarit cover, amount of impervious areas,
interception, and surface storage. A higher curve number means more rainfall becomes tunoff. In
summary, the stabilized grassy meadow condition of the solar use is expecled to retain more rainfall
- from becoming runcff than the currently planted crops. Additienally, in the:current-use, the site is tilled
and disturbed typleally on an annual basis which increases the potential for erosion and mathtenance
concerns. The propaesed use once constructed is expected fo remain stabilized over the life of the
facility. .

Steps for Future In-Depth Stormwater Analysis !

To further coniirm that the design approach described above will be sufficient and result in minimal
impact to the existing drainage patterns, Invenergy can acquire topographical-data from a field-survey
to include all culvert and ditch sizing. Kimley-Horn will use this data to énsure that exisling and proposed
site drainage features are adequately sized to convey design stormwater flows. X
|

Other services that are recommended prior to-civil design are as follows:

o Storm surge analysis due to proximity to coast line
o Flood elevation study to determine maximum waler elevations on the project site .
o Welland and Stream delineation

Conclusions

Based on the site visit, NCDEQ's stermwater permiting requirements, and the anticipated stormwater
design approach, Kimley Horn believes the proposed development's impact to existing drainage
paiterns and flows will be negligible, or more likely, the proposed solar use will provide a reduction in
runoff from the site. in the event that the final design results in a different conclusion, addltlona|
measures can be implemented on the subject site to address stormwater concerns.
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Attachment A - Site Photos

Photo 1: Looking eastfrom Christian School Road at {ygical existing drainage ditches on parcels
Terra Ceia Road.

north of

Photo 2 Laoking.south from Terra Ceia Christian School Driveway at small canal that intercepts field

drainage ditches.
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Photo 3: Looking east from infersection of Terra Ceia Road and Christian School Road af large canal that
intercepts small canals. All project drainage exits to this fributary.
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Photo 4: Looking northwest from Terra Cela Road at project area. Large canal in foreground,
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Photo 8: Looking southwest from Terra Ceia Road at project area.
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Attachment B
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Qualicy

NCDEQ Stormwaier Design Manual

E-6. Solar Farms | : .

Solar farms consisting: of large-arrays: of ground—moumed photovoltalc systems are{becoimmg
" increasingly common:in North-Carolina. Responsible development-of solarfarms must l
balance the growth.of this-valuable industry with the :need to protect our natural resources,
including -addressing issues. related to stormwater runoff. Solar farms that use traditional
elevateéd solarpanels.arg’ unrque because they contdin animpervious surface {elevated. solar
.panel) that often-have a pervious surface: (vegetation)-underneath the-panel. Stormwater
:management may be.actiieved in a cost-effective manner by disconnecting rows.of salar
panels-and directing runoff over the vegetated areas between the rows. |

‘Gurrently, the State allows solar panels associated wuh ground-mounted solar farms to be
-considered pervious’if configured such that: they promote sheet flow of stormwater from the
‘panels and natural infiltration of stormwater into the:ground beneath the panels. Other J
structures associated with the solar farm:such.as buildings, -entrance roads, transformers,
-and’footings would still be. considered impervious.

I D

3t por!anﬂl_'lriks

' N C.G.S. 143-214 7(b2) "For ‘purposes of implementing stormwater programs, ‘bu1l!~upo|n

' grea“means’ |mpervmus surface and partially impervious surface tothe extent that the .

* partially impervious surface does not allow water to infiltrate through the surface .and into the
subsoil.”

E-6. Solar Farms 1 Revised: 4-5-20_1 7
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NCDEQ Stormwater Design Manual

I RECOMMENDATION Hi s AVOID COMPACTION OF SUBSG!L .

; i-‘:Subsml compactlon shouldibg mlmmxzed «auring and after installation of soiar. arrays to-allow
- the maximum:amount-of natural-infiltration. If compactlon ogcurs.during construction, subsoﬂ
~should be mled ‘and:amended fo: return ihe sml fo.its;pre- compactlon condition. -

[RECOMMENDATION'2: DISCONNECT RUNOFF-FROM-SOLAR:PANEL. ARRAYS: |
Solar arrays- should be desrgned and:installed.io aflow- growlh of végetation-under and,

- between the solararrays. ‘Rows'of pafielsshold be instaliad with sufficient distance -
belween rows: to.allow for capture.of:rainfali from:at least'1-0. inct-afrain (Figure). Where
.installed:on slopes greéater than-8%; consider- optlonsﬂfor maintaining. sheet‘ﬂow and: ¢
‘dlssmatmg energy at the: drlp edge of each Jowgf: panels H

S

R8s

Figure 1: Disconnection of fiow path between solar panels when average slope is
less than 8%

| Solar Panel Wiith = X ft Disconnection Length 2 X 1t ’ Solar Panel Width = X 11 l

|
! ' | I I '

Disconnaclisn Flows Palh

1 '!451"5"' rr;dr'q

S NS A

AvgSiope 8%

. - . - T

|
|
|
i
|
z

;RECOMMENDATION 3: AVOID: CONCENTHATION OF ST@RMWATER o .
‘Panels shoild:be positioned to allow stormwater to run-off their surfaces; however, colleetlon
. and-concentration of stormwater flow is-to:be avoided. Arrays:should bevinstalledon.a

| ‘uniform plane suchi.that:stermwater will-sheet:flow off thie: -panel$ and-remain uncencentrated.

‘When.considering a-potential-buiild site, it's a good-ideato consider the:slope of'the landin.
the areas of the site where the'solar arrays are-most likely to-beiinstalled. Areas with sleep

: ﬁslopes may not be suitable or may reguire considerable: gradlng ,i

RECOMMENIATION 4: 'MININIIZE |USE OF: HERB!CIDES;AND FEHTILIZERS
Weed controf and:vegstalion management is particularly important for ground=mounted:solar

‘gystems. Queruse.of-hérbicides and fertilizérs can contiibute.to degradedwater quality. iLimit

E-8.'Solar Farms 2 ‘ Revised: 4:5-2017

ORI Edry




NCDEQ Stormwater Design Manual

e use of Terlilizers 1o that nécessary tmmamtaln vegeta’non Use mowing for vegetatlon ’
{ control instead.of. herblcldes _ '

RECOMMENDATION 5: PLANT MIX- OF WARM- & CG)OL-SEASON GRASSES

Large solar arraysicah-have:the effect of creating. niicioclimates under the panels To’ help

account for this, platit:a.mixture of warm-séason and cool-seasor-grasses to account: for

differences in-temperature and.shading created from the installation.of large solanarrays In

addition, use low-growing, low-maintenance grass mixtures. .Rianting mikiures can also,”

include low-grewing-wildflowers-such as'white clover-and other fypes of VEgetatlon thal can
-be.attractive to polllnators A win-winfor the grass. andithe beesl

P oy

'RECOMMENDATION B2 LIMIT VERTICAL CLEARANCE T0.$ 10.FEET
' =Stormwater Tunoff falllng from solar panels can cause scouring:and grosion-at the: dnpllnes
Limiting the-lowést-vertical-clearante to no greater than 10 1est will'‘help prevent-erosion’ and
* scouring along:the drlplme - :

)

E-6. Solar Farms 3 Revised: 4-5-2017
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Attachment C

Hydrologic Response of Solar Farms

Lauren M. Cook, S.M.ASCE"; and Richard H. McCuen, M.ASGE?

Abstract: Because of the benefits of solar energy, the number of solar farms is increasing; however, their hydrologic impagts have not been
stndied. The goal of this study was to determine the hydrologic effects of solar farms and examinz whether or not storm-water management is
needed fo control runcff volumes and rates. A model of a salar faom was used 1o simulate runoff for bwo conditions: the pre- and pesipaneled
conditions. Using sensitivity analyses, modeling showed that the solar panels themselves did not have a significant effect on the runoff
volumes, peaks, or limes to peak. However, if the ground cover under [he panels is gravel or bare gronnd, owing lo design decisions
or lack of maintenance, the peak discharge may increase significantly with storm-water management needed. In addition, the kinetic encrgy
of the flow that drains from the panels was found to be greater Lhan thal of the rainfall, which could cause erosion at the base of the panels.
Thus, itis recommended that the grass benzath the panels be well maintained or that a buffer strip be placed after the most downgradient row
of panels. This study, along wilh design recommendations, can be used as a guide for the future design of solar farms. DOI: 10.1061/ASCE)

HE.1943-5584.000D530. © 2013 American Society of Civil Engineers.
CE Database subject headings: Hydrology; Land use; Solar power; Floods; Surface water; Runoff; Stormwiter management.

OSHRREE Py

Author keywords: Hydrology; Land use change; Solar energy; Flooding; Surface water runoff; Storm-water management.

introduction

Storm-waler management practices are generally implemented 1o
reverse (he effecls of land-cover changes that cause increases in

, volumes and rates of runoff. This is a concemn posed [or new Lypes

of land-cover change such as the solar farm. Solar energy is a re-
newable ertergy sonrce that is expected to increase in imporiance in
the near future, Because solar farms-require considerabie land, it is
necessary Lo understand the design of solar farms and their potential
effect on crosion rates and storm mnoff, especially the impact on
offsite properties and receiving streams. These farms can vary in

size from 8 ha (20 acres) in residential areas to 250 ha (600 acres)-

in areas where land is abundant.

The solar panels are impervious 1o rain water; however, they arc
mounted on metal rods and placed over pervious land. In some
cases, the area below the panel is paved or covered with gravel,
Service roads are genesally lacated between rows of panels. Alil-
hough some panels are stalionary, others are designed to move so

"that the angle of the panel varies with the angle of the sun. The

angle can range, depending on the latitude, from 22° during.the
summer months lo 747 during the winter months. In addition,
the angle and direclion can aiso change (hroughout the day. The
issue posed is whether or not these rows of impervious panels will
change the ronoff characleristics of the site, specifically increase
runoff volumes or peak discharge rates, If the increases are hydro-
logically significant, storm-water managemen! facilities may be
needed, Additionally, it is possible that the velocily of water
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draining from the edge of the panels is sufficient; to cause erosion
of the soil below the panels, especially where the maintenance
roadways are bare ground. !

The outcome of this study provides guidance for assessing the
hydrologic effects of solar farms, which is important to those who
plan, design, and install ammays of solar panels. Those who design
solar farms may need to provide for storm-water management. This
study investigated the hydrologic effects of sclar farms, assessed
whether or nol slorm-water management might' be needed, and
if the veloeity of the runoff from the panels could be sufficient
to cause erosion of the soil below the panels. '

Model Development

Solar farms are genemlly designed to maximize.the amount of en-
ergy produced per unit of land area, while still allowing space for
maintenance. The hydrologic response of solar farms is not usually
considered in design. Typically, the panels will be arrayed in long
rows with separations between the rows to allow, for maintenance
vehicles. To model a typical layout, a-unit width of one panel was
assumed; with the length of the downgradient suip depending an
the size of the farm. For example, a solar farm with 30 rows of 200
panels each could be modeled as a strip .of 30 pf:mels with space
between the panels for mainienance vehicles. Rainwater that drains
from the upper panel onto the pround will flow over the Iand under
the 29 panels on Lhe downgradient strip. Depending on the land
cover, infiltration losses would be expecled as the runoff flows
1o the boltom of the slope.

To delerminc the cffects that the solar panels have on runoff
characleristics, o model of a solar farm was developed. Runoff
in the form of sheet flow without the addition Df the solar panels
served as the prepaneled condilion. The paneled condition assumed
a downgradient series of cells wilh one solar panell per ground cell.
Each cell was separated into_three sections: wel,! dry, and spacer.

The dry section Is that portion directly. underneath the solar
panel, unexposed. directly to the rainfall. As the angle of the panel
from the horizontal increases, more of the rain will fall directly onto
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the ground; this section of the cell is referred to as the wet section.
The spacer seclion is the area between the rows of panels used by
mainlenance vehicles. Fig. 1 is an image of two solar panels and the
spacer section allotted for maintenance vehicles. Fig. 2 is a sche-
matic of the wet, dry, and spacer-sections wilh their respeclive di-
mensions. In Fig. 1, tracks from the vehicles are visible on whal is
modeled within as the spacer section. When the solar panel is hori-
zonltal, then the length longitudinal to.the direction that runoff will
occur is the length of the dry and wel seclions combined, Runoff
from a diy section drains onto the downgradienl spacer section.
Runoff fiom the spacer section flows to the wel section of the next
downgradient.cell, Water that drains-from a solar panel falls.dircelly
anto the spacer section of Lhat cell.

The length of the spacer seclion is constanl. During a storm

.evenl, the loss rale was assumed constan{ for the 24-h storm be-

cause & wel antecedent condition was assumed. The lengths of
the wet and dry sections changed depending on the angle- of the
solar panél. The total length of the wet and dry sections was sel

Fig. 1. Maimenance or “spacer” section between two rows of solar
panels {photo by John E. Showler, reprinted with permission)

Direction of
Flow

s

r
v Wet section

Z 8.6 m
14 Dry section

Bl
Ly

N
Wi

Ls Spacer sectlion

o
-

b m

Fig. 2. Wet, dry, and spacer seclions of a single cell with lengihs L,
Ls, and Ld with the solar pancl-covering the dry seclion

equal lo the Jength of one horizonlal solar panel, which was as-
sumed to bz 3.5 m. When 2 solar panel is horizontal, the dry seclion
length wonld equal 3.5 m and the wet section length would be zero.
In the paneled condition, the dry section does not receive direct
rainfall because the rain fitst falls onto the solar pane! then drains
onto the spacer section. However, the dry section does infiltrate
some of the runoff (hal comes from the upgradient wel section.
The wet section was modeled similar to Lhe spacer section with rain
falling directly onlo the szetion and assuming a constant loss rate,

For the presoler panel condition, the spacer and wel seelions are
madeled the same as in the paneled condition; however, the cell
does not include a dry section. In the prepanelsd condition, rain
falis dircctly onto the enlire cell. When modeling the prepaneled
condition, all cells receive rainfall al the same rate and are subject
to losses. All other condilions were assumed (o remain the same
such that the prepaneled and paneled conditions can be compared.

Rainfall was modeled after an natural resources conservation
service (NRCS) Type I Stom (McCuen 2005) because it js an ac-
curate representation of actual slorms of varying characteristics that
are imbedded in intensity-duration-frequency (IDF) curves. For
each duration of interest, a dimensionless hyetograph was devel-
oped using a time increment of 12 s over the duration of the storm
(see Fig. 3). The depth of rainfall that corresponds to each storm
magnitude was then multiplied by the dimensionless hyetograph.
For a 2-h storm duration, depths of 40.6, 76.2, and 101.6 mm were
used for the 2-, 25-, and 100-year events. The 2-:and 6-h duration
hyelographs were developed using the center portion .of the 24-h
storm, with the rainfall depths esiablished wilh the Baltimore

. IDF curve, The corresponding depths for a 6-h duration were 53.3,

106.7, and 132.1 mm, respectively. These magnitides were chosen
1o give a range of storm conditions.

During each fime increment, the depth of rain is multiplied by
the cell area to determine the volume of rain added to-each section
of cach cell. This volume becomes the storage ineach cell. Depend-
ing.on the soil group, a constant volume of losses was sublracted
from the storage. The runoff velocity from a solar panel was calcu-
Inted using Manning’s equation, with the hydraulic radius for sheet
flow assumed to equal the depth of the storage on the panel
{Bedienl and Huber 2002). Similar assumptions were made to com-
pute the velocities in each section of the surface sections.

r] 20 40 60 a0 1G0 120
Time-{rain)

Fig. 3. Dimensionless hyetograph of 2-h Type II storm
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Runoff from one seclion to ‘the next and then to the next
downgradient cell was routed using the continuity of mass. The
routing coefficient depended on the depth of flow in storage and
the velocity of runoff, Flow was routed from Ike wet section o the
dry section to the spacer section, with: flow from the spacer section
draining to the wet section of the nex! cell. Flow from the most
downgradien( cell was assumed (o be.the outflow, Discharge rates.
and vdlumes fram the most downgradient cell were used.for com-
parisons between the prepaneled and paneled condilions.

Alternative Made! Scenarios

To:assess the effects of the different varigbles, a section of 30:cells,
each with a solar panel, was-assumed for (he base model, Each cell
was separated individually into wet, dry, and spacer sections, The
area had a total ground Jength. of 225 m with a ground slope of 1%
and widlh of'5 m, which was the width of an average solar panel,
The roughness coefficient (Engman 1986) for the silicon solar
panel was assumed (o be that of glass, 0.01. Rovghness coefficients
of 0.15 for grass and (0,02 for bare ground were also assumed. Loss
rates:of 0.5715 em/h (0.225 in./h)and 0.254 em/h (0.1 ‘in./h) for
B -angd C soils, respectively, were assumed.

The prepaneled condifion using the 2-h, 25-year rainfall was
assumed ‘for the base condition, with each cell assumed to have
a good-grass cover.condition. All other analyses were made assum-
ing a paneled condition. Formost seenarios, the runoff volumes and
peak discharge rates from the paneled model were not significantly
greater than those far the prepaneled condition. Over & total length
of 225 m with 30 solar panels, the: runoff increased by 0.26.m2,
which was a difference of only 0.35%. The stight increase in runoff
volume reflects the slightly higher velocities for the paneled con-
ditioni. The peak discharge increased by 0.0013 m?, a.change of
only 0.31%. Thelime to peak was delayed by one time increment,
i.e., 12 5. Inclusion of the panels did not have a sipnificant hydro-
logic impact.

Storm Magnitude

The effect of slorm magnitude was investigated by changing the
magnilude from a 25-year storm to a 2-year slorm. For the 2-year
storm, the-rainfall and ronoff volumes decreased by approximately
50%. However, the munoff from the paneled watershed condition
increased:compared to the prepaneled condition.by approximately
the snme volume as for the 25-year analysis, 026 m?. This incrense
1epresents. only a-0.78% increase in volume. The peak discharge
and (he time 0 peak did not change significanily, These resilts re-
Nectrunoff from & good grass cover condition and indicated that the
general.conclusion of very minimal impacts was the same for dif-
ferent storm magnitudes.

Ground Slope
The effecl of the downgradient ground slope of the solar farm was

.also-examined. "The angle of the solar panels would influence the

-velocity of flows from the panels, As the ground slope was in-
«creased, the vélocity of flow .over the ground surface would be
closer to that onthe panels. This could eause an overall inciease
in discharge rates. The ground slope was changed from 1 to 5%,
with all other conditions remaining the same &s the base condifions,

Wilh the steeper incline, the volume of losses decreased from
that for the 1% slope, which is to be expecled because the faster
velocity .of the runoff would provide less opportunity for infiltra-
tion.. However, belween the prepaneled and paneled conditions, the
increase in runeff volume was less than 1%. The peak discharge
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and the lime to-peak did ot change. Therefore, lhe greater ground
slope did' not significantly influence the response of the solar farm.

Soll Type '

The effect of soil type on the runoff was also exL.miued. The: soil
group was changed from B soil to C soil by varying the loss rate. As
expeeted, owing to the higher loss rate for the:C spil, the depths of
runoff increased by approximately 7.5% with the C soil when com-
pared with the volume for B soils. However, the nmoff volume for
the C soil condition only increased by 0.17% frorln the prepaneled
condition to'the paneled condition, In comparison with the B soil, a

difference of 0.35% in volume resulted between'th:e two conditions.

Thercfore, the:soil group influenced the actual vqlume.s and ratés,
but not the relative effect of the paneled condition when compared
to.the prepancled condition. !

Panal Angle I

Because runoff velosilies increase with slope, the e!ffect of the angle
of the solar panel.on the:hydrologic response was e:x:irriined Analy-
ses were made for engles of 30° and 70° to test an average range
from winter to summer. The hydrologic resPouse for these. angtes
was compared tothat of the base condilion angle of 45° The other
site conditions remained the same. The analyses'showed that the
angle of the panel had only a slight effect an: mnnff volumes and
discharge rates. The lower angle of 30° was assodiated with an in-
creased munoff volume, whereas the runoff volume decreased for

‘the sleeper angle of 70° whan compared with the base condition of
* 45° However, the differences (~(0.5%) were very slighl.. Never-
‘theless, these results indicate that, when the solar panél was closer

to horizontal, i.e., at a lower angle, a larger difference in rencf’
volume occurred between the prepaneled and paneled conditions.
These. differences in the response result are from differences in
loss rates, i .

The peak discharge was a‘lso lower at the lower angle. ‘Al an
angle of 30° the peak discharge was slightly lowar than al the
higher angle of 70°, For the 2-h storn duration, The time to peak
of the 30° angle was 2 min delayed from Lhe lime!to peak.of when
the panel was posilioned at'a 70° angle, which reflects the longer
travel times across the solar panels.

Storm Duration

To assess the effect of storin duration, analyses were made for 6-h
storms, {esting magnitudes for 2-, 25-, and 100-year return periods,
with the results compared with those for the 2 hmmfall events. The
longer storm:duralion was tested to determine wllelher a longer du-
ralion stormn woutd produce a different ratio of i mcmase in runoff
between the prepaneled and paneled conditions, When compared [o
runoff volumes from the 2-h storm, those for'lhrj' 6-11 storm were
34% greater in both the paneled and prepaneled, cases. However,
when comparing. the prepaneled 1o the paneled condition, the in-
crease in the runoff volume with the 6-h storm was less than
1% regardless of the return period. The peak d%s:':harge. and the
time-to-peak did not differ significantly betweey the two condi-
tions. The trends in the hydrologic response of the solar farm
did nol vary with storm duration.

Ground Cover

The ground coverunder the panels was assumed tc be a nalive prass’

that received little mainienance. For some solar fa:lms, the area be-
neath the panel is covered: in gravel or partially paved because the
panels prevent the grass from receiving sunlight. Il)epending on the

1. Hydrol. Eng, 2013.18:536-541.
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volume of traffic, the spacer cell conild be grass, patches of grass, or
bare ground. Thus, it was necessary to detemnine whether or not
these alternative ground-cover conditions would afiect the runoff
characteristics. This was accomplished by changing the Manning’s
n for the ground beneath the panels. The value of » under the-pan-
els, i.e., the dry section, was set'lo 0.015 for gravel, with the value
for the spacer ar maintenance section set to 0.02, i.e., bare ground.
These can be compared 1o the base condition of a native ‘grass
(n =.0.15). A good cover should promole losses and delay the
nmoff.

For the smoother surfaces, the vélocity of the ninoff increased
and the losses decreased, which resulted in increasing runoff vol-
umes. This ocenrred both when the ground cover under the panels
was changed to gravel and when the cover in the spacer seclion was
changed to bare ground, Owing to the higher velocities of the flow,
runoff rates from the cells increased significantly sech that it was
necessary to reduce the computational fime increment. Fig. 4(a)
shows the hydrograph from a 30-panel area with a time incre-
ment of 12 s. With a time increment of 12 5, lhe walter in cach cell
is discharged at the end of every time increment, whichresulis inno
attenuation of the flow; thus, (he undulations shown in Fig. 4(a)
result. The tlime increment was reduced lo 3 s for the 2-h slorm,
which resulted in walershed smoothing and a rational hydrograph
shape [Fig. 4(b)). The results showed that the storm runoff
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increased by 7% Irom the grass-covered scenarioto the scenario
with gravel under the panel. The peak discharge increased by
73% for the gravel ground cover when compared with the grass
cover without the panels. The time to peak was 10 min less with
tie gravel (han-with the grass, which reflects the effect of differ-
ences in surface roughness and the resulting velocities,

If maintenance vehicles used the spacer seclion regnlarly and the
grass cover was not adequately maintained, (he soil in the spacer
section would be compacied and potenlially {he runoff volumes and
rates would jncrease. Grass that is not mainteined has the potential
to become paichy and tum to bare ground. The grass under the
panel may not get enough sunlipht and-die. Fig. | shows the result
of (he maintenance trucks frequently driving in the spacer section,
which diminished the grass cover. ,

The effect of the lack of solar farm maintenance on runoff char-
acleristics was modeled by changing the Manning’s » to a value of
0.02 for bare ground. In this-scenario, the reughness coefficient
for the ground under the panels, i.e., the dry section, as well as in
the spacer cell was changed from prass covered to bare ground
(» = 0.02).The effec!s were nearly identical to thal of the gravel,
The runoff volume increased by 7% from the grass-covered to the
‘bare-groumd condition. The peak discharge increased by 72% when
compared with the grass-covered condition. The runoff for.the bare-
ground condition also resulted in an easlier time to'peak by approx-
imately 10 min. Two ofher condilions were also mlodcled, showing
stmilar results. In the first scenario, gravel was placed directly
under the panel, and healthy grass was placed in the spacer section,
which mimics a possible design decision. ‘Under these conditions,
the peak discharge increased by 42%, and the volume of runoff
increased by 4%, which suggests that storm-waler management
would be necessary if gravel is placed anywhere,

Fig. 5 shows two solar panels from a solar farm in Mew Jersey.
The bare ground between the panels can cause increased mumoff
rates and reductions in time of concentration, both of which could
necessitate storm-water managesment. The final condition modeled
jnvolyed the assumplion of healthy grass'beneath the panels and
bare ground in the spacer seclion, which would simulate the con-
dition of unmaintained grass resulling from vehicles that drive over
the spacer.section, Becausc the spacer section is 53% of the cell, the
change in land cover to bare ground would reduce losses and de-
crease Tunoff travel times, which would cause runoff lo amass as it

Fig. 5. Site showing the initiation of bare ground below the panels,
which increases the potential for erosion {photo by John Showler,
reprinted with permission) :
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moves downgradienl. With the spacer-section.as bare ground, the
peak discharge increased by 100%, which reflected the increases in
volume and decrease in timing, These results iliusirate he need for
maintenance of the grass below and between the panels.

Design Suggestions

‘With well-maintained grass undemeath the panels, the solar panels
themselves do not have much effect on total volumes of the runoff
or-peak discharge rates. Although the parels are impervious, the
rainwaler thal drains from (he panels appeats as twnoff over the
downgradient cefls, Some of the runoff infiltrates. If the grass cover
ol a solar farm is nol maintained, il can deteriorate either because of
a lack of sunlight or maintenance vehicle affie. In this case, the
runofl. characteristics can change. significantly with both runoff
rates and volumes increasing by :significant amounts. In addition,
if gravel or pavement is placed undemneath the panels, this can also
contribute Lo .a significant increase. in the hydrologic response.

If bare ground js foreseen to be a problem or gravel is to'be
placed under the panels to prevent erosion, il is necessary to
cotunteract the excess runoff vsing some form of sterm-waler man-
agement. A simple practice that can be implemenied is a buffer strip
(Dabney et al. 2006) atthe downgradient end of the solar farm. The
buffer strip length must be-sufficient to return the runoff character-
istics with the panels to those of runoff experienced before the
gravel and ‘panels were installed. Altematively, a detention basin
can be inslalled.

A buffer strip was modeled along with.the panels. For approxi-
mately every 200 m of panels, or 29:cells, the buffer must be 5cells
long (or 35 m) 1o reduce the runoff volume to that which occurred
before the panels were added. Even if a gravel base is not placed
under the panels, the inclusion of a buffer strip may 'be a good prac-
tice when grass maintenance is pot a top funding priofity. Fig. 6
shows the peak discharge from the graveled surface versus the lenpgth
of the buffer needed’to keep the discharge to prepancled peak rate.

‘Water draining from a solar panel can increase the potential for
erosion of the.spacer section. If (heé spacer section is bare gronnd,
the high kinetic energy of water draining from the panél can cause
soil detachmesnt and transport (Garde and Raju 1977; Beuselinck
el al, 2002), The amount and risk of erosion was modeled using
the velocity of waler coming off a solar panel compared with
the velocily and intensity of the rainwater. The velocity of panel

007 T T T 7

= ——Pre-paneled peak Q
s Peak Q vs. buffer lenglh

0.06

=]

[=]

-
T

Pesk Q (m3/s)

| — I ~ ]
8 &
3¢

1 ]

=4
o
2

T
1

) 1 i 1 1 L 1 1
‘Oo 5 10 15 20 25 30 35 40

Lenglh.of buffer (m)

Fig. 6. Peak discharge aver gravel compared with bufier length

540/ JOURNAL OF HYDROLOGIC ENGINEERING © ASCE / MAY 2013

runoff was caléulated using Manning's equation, and the velocity
of falling rainwater was calculated nsing the foIIIowmg

= 120485 | n

where d, = diameter of a raindrop, assumed to be 1 mm. The re-

tationship between kinetic energy and rainfall intensity is
K, =916-+330logyi ! (2}

I -
where i = rainfall ﬁuensnty (in./h) and X, = Kinetic-energy (fi-tons
per ac-in. of rain) of rain falling onto the wet. SBCIIIOI'I and the panel,
as wellag the water flowing off of the end of the panel (Wischmeier
and Smith 1978). The kinelic energy (Salles etal. 2[}0") of the rain-
fall was grealer than that coming off the panel, bnl the area under
the. panel- (L.e., the product of the length, width, and cosine of the
panel angle) is greater than the area under the edge of the panel
where. 1he water drains from the panel onto th}e ground Thus,
dividing the kinetic-energy by the respective areas gwes a more
accurate representalion of the kinetic energy experienced by the
soil. The energy of the water drairiing from lhe panel onto the
ground can benearly 10 times greater than the ram itself falling

‘onto the ground area. If the solar panel runcff faIls onto an un-

sealed soil, considerable detachment can rcsull (Motha et al.

:2004).. Thus, because of the increased Kinetic gnerg)r it is pos-

sible that the soil is much more prone to erosion with the panels
than without. Where pauels are installed, methods of erosion
control should be included in the design. i

|
Conclusions t
Solar farms are the energy generators of the fulm'e, thus, it is im-
poriant to determine the environmental and hydmloglc effects of
these farms, both existing and proposed. A model was created
to simulale storm-water runoff over a Jand surfacc without panels

-and:then with solar panels added. Various sensitivity analyses were

conducled including. changing.the storm. duration.and volume, soil
type, ground:slope, panel anple, and-ground caver to delermine the
effect that each of these factors would have on the volumes and
peak discharge rales of the mnoff.

The addition of solar panels over a grassy field does not-have

amuch af an effect on the volume of runoff, the: pcak discharge, nor

the time to peak. With-each analysm, the runoffl volumc increased
slightly bul not enough 1o require stom-water mamgcment facili-
ties. However, when the land-cover (ype was changed under (he
panels, the hydrologic response changed sxgmﬁcanlly When gravel
or pavement was placed under the panels, with the spacer section
left as palchy grass or bare ground, the volume '6f the runoff in-
creased significantly and the peak discharge increased by approx-
imately 100%. This was also the result when lhe entire cell was
assumed o be bare ground |

The potential for erosion of the soil at the base] of the salar pan-
els was also studied. 1t was determined that the kinetic energy of the
water draining from the-solar panel could be as :Puch as 10 times
grealer than thal of rainfall. Thus, because the energy of ithe water
draining from the panels is much higher, it is very.puss:b]c that soil
below the bage of the solar panel could erode owmg to the concen-
trated flow of waler off the panel, especially if lhere is bare ground
in the spacer section.of the cell. If necessary, ercsion control meth-
ods should be used.

Bare ground ‘beneath. the panels and in the spacer section s
a realistic possibility (see Figs. 1 and 5). Thus -a good, well-
maintained grass cover beneath the panels and in l_he. spacer section
is highly recommended. If gravel, pavement, or bare ground is

1. Hydrol. Eng. 2013.18:536-541.

ORI E ey

THpF023bis




DPownloaded from ascelibrary.org by University Of Massachusstts Amhe’

A10/15; Copyright ASCE, For personal use enly; all rights reserved.

deemed unavoidable below the panels-or in the spacer section, it
may necessary (0 add a buffer section to control the excess Tunoff
volume and ensure adequate losses. If these simple measures are
taken, solar farms will not have an-adverse hydrologic impact from
excess runoff or contribute erodéd soil particles to receiving
streams and waterways.

Acknowledgments

The authors appreciate the photographs (Figs. ! and 5} of Ortho
Clinical Diagnostics, 1001 Route 202, North Raritan, New Jersey,
08869, provided by John E. Showler, Environmental Scientist,
New Jersey Department of Agricvlture. The extensive comments
of reviewers resulled in an improved paper.

References

Bedient, P. B., and Huber, W. C. (2002).. Hydrology and floodplain mmly-

sis, Prentice-Hall, Upper Saddle River, NI,

Beuselinek, L., Govers, G., Hairsince, P. B., Sander, G. C., and
Breynacrt, M. (2002). “The influence of rainfall o sediment Iransport
by overand flow -over areas of net deposition [, IH\-dmf. 257(1-4),
J45-163.

Dabney, 5. M., Moorg, M. T., and Locke, M. A. (2008). “Integrated man-
agement of in-field, edge-of-ficld, and .afier-field bulfers™ J. Amer:
Warer Resonr, Assoc., 42(1), 15-24. | !

Engman, E. T. (1986). “Roughness cocfficients for ronting surface runoff”
J. Irrig. Drain. Eng., 112(1), 39-53.

Garde, R. 1., and Raju, K. G. (1977). Mecitauics of seditmet fmnspormrrou
and nﬂuwal stream problems, Witey, New York.

McCuen, R. H, (2005). Hydrologic analysis and de.ﬂgu,Srd Ed., Pearson/
Peentice-Hall, Upper Saddle River, NJ.

Molha, J. A., Wallbtink, P. J., Heirsing, P. B, and Grayson, R. B..(2004).
“"Unsealed roads as suspended sediment sources in}agticultural catch-
‘ment in south-sastem Australia” J. Hydrol., 286(1—), 1-18.

Salles, C., Poesen, 1., and Sempere-Tomres, D, (2002); "Kinetic energy of
rain and its functional relationship with intensity.” J. Hydral., 257(1-4),
256-270,

Wischmeier, W. H., and Smith, D. D, (1978). Predicting mmfa" erosion
losses: A griide to conservation plnnmng. USDA Hmtdbaai\ 537, US.
Govemment Printing Office, Washingion, DC. |

JOURNAL OF HYDROLOGIC ENGINEERING © ASCE / MAY 2013 / 541

J. Hydrol. Eng. 2013.18:536-541.

- OBl ¥ SPyY

ApFds3b%s

P—



!L\cjew! s Cofy >
- T APPEICATIONIDENTIFICATION: a e e TRANSP 3
« o riveway Date of - EA 3 _b&___l%l - : ($)
* Fermit No. ppliqatic\}n_ : ! &I
. ounty: eaufort County -/ TN, . !

County Beaufort Count}} =4 b u‘ﬁ\ 3]
Wilkinson Solar i - \ \-_-_U _ I.lu-.
Fooreae st en B G AHONORPROPERING - . e o

Route/Road: TerraCelaRoad | [— { 32 /i) ,

Exact Distance 2,300 CiMles N S E W P

: &) Feet Oo00x ,
From the Intersection of Route No, Terra CeiaRoad __and Route No, Christian School Road Toward  Vreugdenhil Road ©
Praperly Will Be Used For: [J Restdentlal /Subdivision [1 Commercial [ Educational Facilitles -[1 TND {7 Emeirgency Services [ Other 8
_Llis X lsnot _____within Pantego ; Cily Zoning Area. (7o)
R (GREEWERT: R R
o 1, the undersigned property owner, request access and permission to construct driveway(s) or street(s) on public right- Itli_:

of-way at the above location. .

s | agrese to construct and maintain driveway(s} or street entrance(s) in absolute conformance with the cyrrent"'Policy on
Street and Driveway Access to North Carolina Highways" as adopted by the North Carolina Department of
Transportation. '

o | agree that no signs or objects will be placed on or over the public right-of-way other than those apprcéved by.NCDOT.

o | agree that the driveway(s) or street(s) will be constructed as shown on tha attached plans. !

o | agree that that driveway(s) or street(s) as used In this agreement include any approach tapers, storage lanes or
speed change lanes as desmed:necessary. '

o |'agree that if any future Improvements to the roadway beécome necessary, the portion of driveway(s) or street(s)

| located on public right-of-way will be conslderéd the property of the North Carolina Department of Trahsportation, and

7~ ™ | will not be entitled to reimbursement or have any claim for present expenditures for driveway or streét_»construction.

* > | agree that this permiit becomes void If construction of driveway(s) or streel(s) Is not completed within the time
spacified by the "Policy on Street and Driveway Access to North Garolina Highways”, |

« | agree to pay a $50 construction inspection fee. Make checks payable to NCDOT. This fee will be reimbursed if
applicatlon is denied. !

o | agree to construct and maintaln the driveway(s) or sireet(s) in a safe manner so as not to Interfere with or endangsar
the public travel. f

» | agree to provide during and following construction proper signs, signal lights, flaggers and other warning devices for
the protection of traffic in conformance with the current “Manual on Uniform Traffic Control Devices for Streets and
Highways" and Amendments or Supplements thereto. Infofmation as to the above rules and regulations may be
obtalned from the Distfict Engineer,

o | agree to Indemnify and save harmless the Nerth Carolina Department of Transportation from all damages and claims
for damage that may arise by reason of this construction. | ‘

« | agree that the North Carolina Department of Transportation will assume no resporisibility for any damages that may
be caused to such facilities, within the highway right-of-way limits, in carrying out.its construction. '

o | agree to provide a Performance and Indemnity Bond In the amount specified by the: Diviston of Highways for any
construction proposed on the State Highway system. i ,

o The granting of this parmit is subject to the reguiatory powers of the NC Depariment of Transportation as provided by
law and as.set forth in the N.C. Policy on Driveways and shall not be construed as a contract access point.

» | agree that the entire.cost of constructing and maintalning an approved private street or driveway access cohnection
and conditions of this permit will be borne by the property owner, the applicant, and thelr grantees, successors, and

o fi%gggs’ro-uonw THE DISTRICT ENGINEER WHEN. THE PROPOSED WORK BEGINS AND WHENIT IS
COMPLETED.
Prior to beginning work
B contact Gene Pittma{n at
' --"2004-07 NOTE: Submit Four Coples of Application to Lecal Disklct Engineer (252, 946-3639 ! i-Qdrev.

81-03419 l

Wilkinson Solar LLC|-- Amendment Exhibit 1
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' . . ' .
4 slpymrgynes"gf;Ag,aLle* 3
PROPERTY OWNER (APPLICANT) . WITNESS <
COMPANY  Theda Cooper Sawyer (aka Theda S. Stallings) NAME : 6
" SIGNATURE . SIGNATURE : ™
ADDRESS 498 Vickers Road _ . ADDRESS | 3
Chapel Hill, NG 27517 _ Phone No. _919-503-5750 7 i
AUTHORIZED AGENT ' WITNESS !
GCOMPANY  Wjlkinson Solar LLC NAME Ryon Upham I
SIGNATURE Spzogl e SIGNATURE A2 A4
ADDRESS 1 S. Wacker Drive, Suite 1800 ADDRESS 2621 Lwery Run Vou, dpr 123, ®
cmcego, IL 60606 Phone No. _312-582-1208 (a,du.,r.,, pza 2.7£0% I =
oy ‘ -
= 0
©
L

APPLICATION RECEIVED BY DISTRICT ENGINEER i

6/4//7

][I%ﬂ: Hoth Howooshkon . :
. SIGNATURE ] ~ DamEe . . .

APPLICATION APPROVED BY LOCAL GOVERNMENTAL AUTHORITY (when requited) \

SIGNATURE TITLE DATE ,

R

{  APPLICATION APPROVED BY NCDOT

o . '
Moy Bakh fho oo Dosrmier Entea. woft/17

U SIGNATURE ' TITLE DATE |

|

INSPECTION BY NCDOT |

|

i

SIGNATURE TITLE ' DATE!

|

COMMENTS: . |

]

1

I

|

|

I

- '

: ' 1

Wilkinson Solar LLC|-- Amendment Exhibit 1



Afj@ r“tl;*!‘.s: CGF\/
OF TRANSPORTATION

>
| ‘ APPLICATION IDENTIFICGATION ' %
T Driveway Date-of : O
,2ermit No. Application August 4, 201?{\ E_@_E Al A
County: Beaufort County _,J) \ . %
Development Name erktnson Solar Farm P AUG 1< i
L A 2% 3 LOCATIGN OFPROPERT o/ TH
Route/Road: Lovlick Lane - : ( SR bl 3:) o
- S —
Exact Distance 295 O Miles N Lgepw - ‘
Bd Feet (1 O O
From the Intersection of Route No. ‘Lovlick Lane and Route No. Terra Ceia Road Toward Old 97 Road .
Property Will Be Used For: [1 Residential /Subdivision '[] Commerclal [J Educational Facilities [ TND [ Emsrgsncy: Senvices [ Other S
F’rop ; ' ntngArea. ™
w
p o e 4 : o
» I the undersugned property owner request access and permlsslon to construct dnveway(s} or street(s) on publrc right— %
of-way at the above location. Tl

» | agres to construct and maintain driveway(s) or street entrance(s) in absolute conformance with the current "Policy on
Street and Driveway Access to North Carolina Highways” as adopted by the North Carclina Départment of
Transportation.

« | agree that no signs or objects will be placed on or over the public right-of-way other than those approved by NCDOT.

o | agree that the driveway(s) or sireet(s) will be-constructed as shown on the attached plans.

e | agrae that that driveway(s) or street{s).as used in this agreement includé any approach tapers, storage lanes or
speed change lanes as deemed necessary.

« | agree that if any future improvements to the roadway become necessary, the pomon of drlveway(s) or streetl(s)
focated on public right-of-way will be considered the property of the North Carolina Department of Transportation, and

_ | 1will not be entitled to reimbursement or have any claim for present expenditures for driveway or street construction.

"o | agree that this permit becomes void if construction of driveway(s) or street(s) is not completed: within the time

¢ specified by the "Policy on Street and Driveway Access to North Carolina Highways".
| » | agree to pay a $50-construction inspection fee. Make checks payable to NCDOT. This fee will be reimbursed if
application Is denied.

o | agree to construct and maintain the driveway(s) or street(s) in a safe manner se as not to interfere with or endanger
the public travel. |

o | agree o provide during and following construction proper signs, sighal lights, ﬂaggers and other warning devices for
the protection of traffic in conformance with the current "Manual on Uniform Traffic Control Devices for Sireets and
Highways" and Amendments or Supplements thereto. Information as to the above rules -and regulations may'be
obtained from the District Engineer.

+ | agree to indemnify and save harmiess the North. Caralina Department of Transportation from all damages and claims
for damage that may arise by reason of this construction, '

o | agree that the Narth Carolina Department of Transportation will assume nosresponsibility for any damages that may
be caused to such facilities, within the highway right-of-way limits, in carrying out its constructian.

a | agree to provide a Performance and indemnity Bond in thé amount specified by the Division of Highways for any
construction proposed on the State Highway system.

« The granting of this permit is subject to the regulatory powers of the NC Department of Transportation as provided by
law and as set forth in the N.C. Policy on Driveways and shall not be construed as a contract access point;

» | agree that the entire cost of constructing and mainitaining an approved private street or driveway access connection
-and conditions of this permit will be borne by the property owner, the applicant, and their grantees, successors and
assighees.

= | AGREE TO NOTIFY THE DISTRICT ENGINEER WHEN THE PROPOSED WORK BEGINS AND, WHEN ITIS
COMPLETED. . .

Prior to beg‘mniing worlk

contact Gene Pittman at
(252) 946-3689

| \12004-07 NOTE: Submit Four Coples of Application to Local District Engineer, N.C. [
s 61-03419

|
I
Wilkinson Solar LLC|-- Amendment Exhibit 1
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i
o | O
: I &)
PROPERTY OWNER {APPLICANT) WITNESS -
COMPANY  Walter Jonathan Sawyer NAME S
SIGNATURE __ SIGNATURE I g
ADDRESS 4900 Terra Ceia Road ADDRESS I.u_l..
Pantego, NC 27880 Phone No. _252-943-4417 - i e}
AUTHORIZED AGENT WITNESS
COMPANY _Wilkinson Solar LLG NAME R yan () pham .
SIGNATURE _\UZOf e SIGNATURE A

ADDRESS , 1 S Wacker Drive, Sulte 1800 _ ADDRESS .2-62.| I\/gr,. R.,,n V\/o\.) | Apf (02 o
Chicago, IL 606806 Phone No. 312:682-1208 qu argh, A 2260 3 | g
-y - r i - - 3 - - o P - = ~ N
B o
—
APPLICATION RECEIVED BY DISTRICT ENGINEER [ g
IR

mcuuu 62k Houatan 8/ % / /7 .

U SIGNATURE DATE [

APPLICATION APPROVED BY LOCAL GOVERNMENTAL AUTHORITY (whan requlred)

SIGNATURE TITLE

DATE

APPLICATION-APPROVED 8Y NCDOT

i
i

_E}Mg OUN Houakon PUSTRIET Z/t/éz. /a/‘.?// 7

SIGNATURE TITLE DATE i

]

INSPECTION BY NCDOT !
SIGNATURE = TITLE DATE |

|

COMMENTS: I
i

1

|

Wilkinson Solar LLC‘ -- Amendment Exhlblt 1



NORTH CAROLINA UTILITIES COMMISSION
APPEARANCE SLIP

DATE i\

DOCKET #: = ®-93

NAME OF ATTORNEY Pery v Can pen~
TITLE Pov b / ’

FIRM NAME amlr Yie
ADDRESS 2ol e rolu e, SN—

CITY o o

& 50

APPEARING FOR: W) (/l(ive0r. Sdo—

APPLICANT \/ COMPLAINANT INTERVENO R
PROTESTANT RESPONDENT DEFENDANT

PLEASE NOTE: Electronic Copies of the regular
transcript can be obtained from the NCUC website at
HTTP://NCUC.commerce.state.nc.us/docksr ch.html under
the respective docket number.

*There will be a charge of $5.00 for each emailed copy
of transcript.*

Please check for an ' electronic copy of the
transcript.
# of Copies

Email: \qgmvzo {LDGA//W (02 @&,

/(Required for Bistribution)

Please check for the confidential portion of the
transcript, only if a confidentiality agreement has
bgen signed.

# of Copies
Signature: c__i;;E:;E?§§§§%4y{
(Required for dié{ifiigion)




NORTH CAROLINA UTILITIES COMMISSION
APPEARANCE SLIP

DATE ‘”l! |l <

DOCKET #:___ €vnP-a3 Cubb

NAME OF ATTORNEY [Mevuick Favrsth

TITLE Bttoviie

FIRM NAME _ Opaked oo Adanns ¢ FReindon | LP
ADDRESS__ 2| Fa.(a,o_{iu,;l\a St. | Sle. 1460

CITY _ Kaletnl,
ZIP 27Y(

APPEARING FOR: WWilkaheon,  Selan LLC

APPLICANT l/ COMPLAINANT INTERVENO R
PROTESTANT RESPONDENT DEFENDANT

PLEASE NOTE: Electronic Copies of the regular
transcript can be obtained from the NCUC website at
HTTP://NCUC.commerce.state.nc.us/docksr ch.html under

the respective docket number.

*There will be a charge of $5.00 for each emailed copy
of transcript.¥*

Please check for an electronic copy ©of the
transgcript.
# of Copies

Email:

(Required for distribution)

Please check for the confidential portion of the
transcript, only if a confidentiality agreement has
been signed.

# of Copies

Signature:

(Required for distribution)



NORTH CAROLINA UTILITIES COMMISSION
APPEARANCE SLIP

DATE Af/” /20{47

DOCKET #:' 'EAFf-23 s b D

NAME OF ATTORNEY _ Srudy Allen snd  Er.Hoa Alle n
TITLE __ attermey i
FIRM NAME Aflen Loww OFffces, /fLLC
ADDRESS_ [ S5/4 G(lenwosd Ave S.fe 200
CITY aleish, A/ C

ZIP 295¢08

APPEARING FOR: /Jurshall ¢ Jonn, L //e; - ﬂeé
Van StuafAvicnen

APPLICANT COMPLAINANT INTERVENO R ‘/
PROTESTANT RESPONDENT DEFENDANT

PLEASE NOTE: Electronic Copies of the regular
transcript can be obtained from the NCUC website at
HTTP://NCUC.commerce.state.nc.us/docksr ch.html under

the respective docket number.

*There will be a charge of $5.00 for each emailed copy
of transcript.*

Please check for an. electronic copy ©f the
transcript.
# of Copies

Email:

(Required for distribution)

Please check for the confidential portion of the
transcript, only if a confidentiality agreement has
been signed.

# of Copies

Signature:

(Required for distribution)



NORTH CAROLINA UTILITIES COMMISSION
PUBLIC STAFF - APPEARANCE SLIP

DATE April 11, 2018 ' DOCKET #: EMP-93, Sub 0

PUBLIC STAFF MEMBER Dianna W. Downey

ORDER FOR TRANSCRIPT OF TESTIMONY TO BE EMAILED TO THE
PUBLIC STAFF - PLEASE INDICATE YOUR DIVISION AS WELL AS
YOUR EMAIL ADDRESS BELOW: '

ACCOUNTING
WATER
COMMUNICATIONS
ELECTRIC

GAS

TRANSPORTATION
ECONOMICS

LEGAL dianna.downey@psncuc.nc.gov

CONSUMER SERVICES

PLEASE NOTE: Electronic Copies of the regular
transcript can be obtained from the NCUC web site at
HTTP://NCUC.commerce.state.nc.us/docksrch.html under
the respective docket number.

Number of copies of confidential portion of
regular transcript (assuming a confidentiality
agreement has been signed). Confidential pages will
still be received in paper copies.

***pPLEASE INDICATE BELOW WHO HAS SIGNED A
CONFIDENTIALITY AGREEMENT. IF YOU DO NOT SIGN, YOU
WILL NOT RECEIVE THE CONFIDENTIAL PORTIONS!!!!

{

/L&U’.ﬂ//’/@ A Cﬂ/f//}/l y P4

Signature of Public g%ﬁﬁf Member



