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BEFORE
THE OHIO POWER SITING BOARD

In the Matter of the Application of SENECA
WIND, LLC for a Certificate to Site Wind-
Powered Electric Generation Facilities in
Seneca County, Ohio.

)
)
)
)
)
)

Case No. 18-488-EL-BGN

SENECA WIND, LLC’S RESPONSES TO STAFF’S
SECOND SET OF DATA REQUESTS

1) Please provide the “Tabulated Acoustic Modeling Results by Residence” table in excel format
for the GE 2.5-127 and SG 2.5-127 turbine models.

RESPONSE
The spreadsheet has been provided in excel format via e-mail to Jim O’Dell on October 23, 2018.

2) The GE 2.5-127 and SG 2.5-127 turbine models both have a hub height of 134 m. The GE 2.5-
127 has a blade length of 62.2 m and SG 2.5-127 has a blade length of 63.5 m which would
give you the total heights below.

Hub
Height Hub Blade length

Max total
height

GE 2.5-
127 134 m 1.8 m 62.2 m 198 m
SG 2.5-
127 134 m 1.8 m 63.5 m 199.3 m

But the September 14, 2018 filing lists the maximum heights as

Hub
Height

Blade
length

Max total
height

GE 2.5-
127 134 m 62.2 m 198 m
SG 2.5-
127 134 m 63.5 m 198.9 m

Please explain the discrepancy in the total height of the SG 2.5-127.
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RESPONSE
The rotor diameter for the SG 2.5-127 is 129.69 meters. Dividing the rotor diameter in half (as
half will overlap with the hub height metric) for a length of 64.845 meters, and adding that to the
hub height of 134 meters, the total height would be 198.845 meters, which we conservatively
rounded up to 198.9 meters.

3) What are the wind and temperature conditions during which the SG 2.5-127 power boost to 2.9
MW is available?

RESPONSE
Power boost is available for the SG 2.5-127 turbine only (not the equivalent GE mode), and is
subject to limitations. Power boost cut-in can occur at wind speeds of 10.5 m/s and would cut out
at wind speeds of 21 m/s. Power boost will also only be active at ambient temperatures below
25°C (77°F) at 0 meters mean sea level and 16°C (61°F) at 2,000 meters mean sea level.

4) What is the maximum sound power levels for the GE 2.5-127 and SG 2.5-127 (with and
without power boost) turbine models?

RESPONSE
The GE 2.5-127 turbine does not include a power boost. The requested information is provided for
each turbine model in the tables below.

Broadband Sound Power Levels (dBA) Correlated with Wind Speed, GE 2.5-127

WTG Lmax Sound Power Level (LW) at Reference Wind Speed (m/s)

Wind Speed 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0

GE 2.5-127 96.7 96.9 100.4 103.9 106.8 109.2 110.0 110.0 110.0 110.0

Broadband Sound Power Levels (dBA) Correlated with Wind Speed,
SG 2.7-129

WTG Lmax Sound Power Level (LW) at Reference Wind Speed (m/s)

Wind
Speed

4 5 6 7 8 9 10 11 12 13

SG
2.7-
129

95.6 98.5 101.5 104.4 106.8 108.5 108.5 108.5 108.5 108.5

SG
2.7-
129
with
Power
Boost

95.6 98.5 101.5 104.4 106.8 108.5 108.5 110.5 110.5 110.5

5) Sound power levels are given at 1 m/s intervals from 4 m/s to 13 m/s. What are the sound
power levels at 1 m/s intervals from 13 m/s to the cut-out speeds for the GE 2.5-127 and SG
2.5-127 (with and without power boost) turbine models?
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RESPONSE
Sound power levels remain the same above 13 m/s for both the SG 2.5-127 (without power boost) and GE
2.5-127; however, ambient sound levels would increase as wind speed increases. Of the two proposed
turbine models, only the SG 2.5-127 has power boost; sound power levels with and without power boost are
provided in Response 4.

6) Will any of the turbines have blades that have trailing edge serrations?

RESPONSE
Yes. The ‘low noise trailing edge’ (LNTE) mitigation proposed on select GE 2.5-127 turbines are
serrations.

7) Please provide the shadow flicker tables in the September 14, 2018 filing in excel format.

RESPONSE
The spreadsheet has been provided in excel format via e-mail to Jim O’Dell on October 23, 2018.

8) Please provide these cited studies:
a. Garrad Hassan 2010. Turbine Failure Literature Review and the Wind Turbine

Certification Process. Prepared for Green Mountain Power Corp. November 2010.
b. Gipe 2013. A Summary of Fatal Accidents in Wind Energy. Available at:

http://www.windworks.org/cms/index.php?id=43&tx_ttnews[tt_news]=414&cHash=5a
7a0eb3236dd3283 a3b6d8cf4cc508b. Last updated May 1, 2013.

c. Global Wind Energy Council. 2014. Wind Power FAQs. Available at:
http://www.gwec.net/faqs/how-many-windturbines-World

d. Cattin et al. 2008. Two Years of Monitoring of a Wind Turbine Under Icing Conditions.
Proceedings of DEWEK, Bremen, Germany. November 26-27, 2008.

e. Cattin et al. 2009. Four Years of Monitoring a Wind Turbine Under Icing Conditions.
IWAIS XIII, Andermatt, September 8 to 11, 2009.

f. Global Wind Energy Council. 2014. Wind Power FAQs. Available at:
http://www.gwec.net/faqs/how-many-windturbines-World

RESPONSE
The cited studies are attached. Note that references c) and f) are the same document and that the
cited version is no longer available, as it has been updated. The updated version is provided, with
a corrected citation as “Global Wind Energy Council. 2016. Wind in Numbers. Available at
http://gwec.net/global-fires/wind-in-numbers/.” Use of this updated reference would change the
narrative on page 96 of the Application from “…more than 268,000 turbines were spinning around
the world at the end of 2014…” to “…341,320 turbines were spinning around the world at the end
of 2016…” No material change results from this update.

9) Will the proposed turbines have nacelle-mounted ice sensors?

RESPONSE
The wind turbines have vibration sensors that continuously monitor the health of the wind turbine.
If the wind turbine vibration exceeds a predetermined value, the turbine control will shut the
turbine down. The turbine control system constantly monitors blade pitch angle, and if blade pitch
exceeds a predetermined value, the turbine control will shut the turbine down. The formation of
ice on the blades is assumed to increase vibration and loss of lift, which in turn would cause the
turbine control to increase blade pitch angle to maintain power output at a given wind speed.
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Although ice on the blade would not be the only reason for vibration or excessive blade pitch, it is
one potential cause, and would shut the turbine down regardless of the cause.

10) If ice is detected on the turbine blades how are blades to be de-iced?

RESPONSE

There is no deicing feature on the turbines. Ice buildup on turbine blades would be detected by the
SCADA system as vibration and loss of lift and turbines would be either slowed or stopped until
the buildup has melted.

11) Do the turbine blades have deicing features?

RESPONSE
No (see previous response).

12) If the turbines are shut down due to ice being detected on the turbine blades, describe the restart
procedures.

RESPONSE
The turbine does not restart until the rotor blades are detected to be free of ice or the operator
confirms the ice-free condition of the rotor blades, has acknowledged the ice alarm message and
restarts the plant.

13) Do the turbines require grid power for the lightning protection system to operate?

RESPONSE
No.

14) On page 62 of the application it is stated, “The SCADA system will document all critical
lightning events and, if a problem is detected, the turbine will shut down automatically and be
inspected to assure that damage has not occurred.” What is the definition of “critical lightning
events”?

RESPONSE
A critical lightning event is defined as an event that results in vibration exceeding a predetermined
level or other performance issues. The SCADA system will monitor and document suboptimal
turbine performance and shutdown turbines that deviate from predetermined ranges of normal
operation, as described in Response #9.

15) How powerful of a lightning strike would need to occur to prompt turbine shutdown and
inspection?

RESPONSE
A lightning strike or other environmental conditions that might affect optimal turbine performance
(e.g., vibration or blade pitch) would be detected by the SCADA system, which automatically shuts
down turbines that deviate from normal operations.
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^V_eR]!ZTZ_X!Rd!eYV!YVReVU!R_V^`^VeVc!Zd!%`c!dY`f]U!
SV&!T`^a]VeV]j!f_RWWVTeVU!Sj!ZTZ_X*!9fe! eYV!fdV!`W!R!
YVReVU!R_V^`^VeVc!TVceRZ_]j!Z_TcVRdVd!eYV!RTTfcRTj!
`W! eYV!VgR]fReZ`_!`W! eYV!hZ_U!a`eV_eZR]! ZedV]W!Rd!hZ_U!
UReR!Zd!RgRZ]RS]V!eYc`fXY`fe!eYV!hY`]V!eZ^V*!
!
*.47.8+;<8.!

8UUZeZ`_R]!^VRdfcV^V_ed!`W!eV^aVcRefcV!XZgV!VddV_)
eZR]! Z_W`c^ReZ`_! RS`fe! eYV! `TTfccV_TV! `W! ViecV^V]j!
]`h! eV^aVcRefcVd! Re! eYV! dZeV*! @`hVgVc(! eYVj! TR__`e!
dRj! R_jeYZ_X! RS`fe! ^VeV`c`]`XZTR]! `c! Z_decf^V_eR]!
ZTZ_X!Rd!ZTZ_X!^fde!_`e!_VTVddRcZ]j!`TTfc!hYV_!eV^)
aVcRefcV!WR]]d!SV]`h!,o;!%Ucj!RZc&*!
!
*.47.8+;<8.!+5-!8.3+;1=.!0<41-1;?!
EVRdfcV^V_ed! `W! eV^aVcRefcV! R_U! cV]ReZgV! Yf^ZUZej!
R]]`h! R_! Z_UZTReZ`_! RS`fe! ^VeV`c`]`XZTR]! `c! Z_decf)
^V_eR]! ZTZ_X*! 8! hZUV]j! fdVU! Raac`RTY! Zd! eYV! dZ^a]V!
UVWZ_ZeZ`_!eYRe!ZTZ_X!`TTfcd!Re!RZc!eV^aVcRefcVd!SV]`h!
,o;! R_U! R! cV]ReZgV! Yf^ZUZej! YZXYVc! eYRe! 51#*! @`h)
VgVc(! dVgVcR]! defUZVd! dY`hVU! eYRe! eYZd! Raac`RTY! Zd!
_`e!RS]V!e`!cV]ZRS]j!UVeVTe!ZTZ_X!T`_UZeZ`_d!P4Q*!!
A_! RUUZeZ`_(! ^VRdfcV^V_ed! `W! cV]ReZgV! Yf^ZUZej! RcV!
^`de]j! aVcW`c^VU! RTT`cUZ_X! e`! NEG+;AEG! deR_)
URcUd! hYVcV! dRefcReZ`_! hReVc! gRa`fc! acVddfcV! Zd!
R]hRjd! TR]Tf]ReVU! hZeY! cVdaVTe! e`! hReVc! P5Q*! 9V]`h!
,o;(! dRefcReZ`_! TR__`e! SV! cVRTYVU! R_j^`cV! fdZ_X!
eYZd! ac`TVUfcV*! A_! `cUVc! e`! SV! RS]V! e`! fdV! cV]ReZgV!
Yf^ZUZej! Rd! R! aRcR^VeVc! W`c! eYV! UVeVc^Z_ReZ`_! `W!
ZTZ_X! T`_UZeZ`_d(! eYV! cVRUZ_Xd! W`c! cV]ReZgV! Yf^ZUZej!
YRgV! e`! SV! cV)TR]Tf]ReVU! hZeY! cVdaVTe! e`! dRefcReZ`_!
hReVc! gRa`fc! acVddfcV! `gVc! ZTV! W`c! eV^aVcRefcVd!
SV]`h!,o;*!
!
*.47.8+;<8.$! 8.3+;1=.! 0<41-1;?! +5-! 15,6415/! 365/!
>+=.!8+-1+;165!
NYV_! ZTZ_X!^`de]j! `TTfcd!Rd! Z_)T]`fU! ZTZ_X(! eYV! Ra)
ac`RTY!UVdTcZSVU!RS`gV!TR_!SV! Z^ac`gVU!Sj!fdV!`W!
eYV!Z_T`^Z_X!]`_X!hRgV!cRUZReZ`_!)!!hZeY!R!ajcXV`^)
VeVc*!KYZd!R]]`hd! eYV!TR]Tf]ReZ`_!`W! eYV!d\j! eV^aVcR)
efcV!*92?!RTT`cUZ_X!e`!JeVWR_)9`]ek^R__$d!]Rh6!
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!

!
AW!eYV!T]`fU!SRdV!Zd!YZXYVc!eYR_!eYV!hZ_U!efcSZ_V!%`c!ZW!
eYVcV! RcV! _`! T]`fUd! Re! R]]&(! eYV! d\j! eV^aVcRefcV! Zd!
]`hVc! eYR_! eYV! R^SZV_e! RZc! eV^aVcRefcV*! AW! eYV! d\j!
eV^aVcRefcV!XVed!T]`dV!e`!`c! Zd!VbfR]!e`!eYV!RZc! eV^)
aVcRefcV!Re!YfS!YVZXYe(!eYVcV!Zd!R!YZXY!ac`SRSZ]Zej!eYRe!
eYV! dV_d`cd(! V*X*! eYV! _RTV]]V! `W! eYV! hZ_U! efcSZ_V! `c!
eYV!eZa!`W!eYV!S]RUVd!RcV!Z_)T]`fU!%WZX*!/&*!
!

!
>ZX*!/6!DVWe6!hYV_! eYV!T]`fU!SRdV! Zd!YZXYVc! eYR_! eYV!
hZ_U!efcSZ_V$d!_RTV]]V(!eYV!d\j!eV^aVcRefcV!Zd!dZX_ZWZ)
TR_e]j! ]`hVc! eYR_! eYV!RZc! eV^aVcRefcV!Re! eYV!_RTV]]V*!
IZXYe6! hYV_! eYV! d\j! eV^aVcRefcV! Zd! Raac`iZ^ReV]j!
VbfR]!e`!eYV!RZc!eV^aVcRefcV(!eYVcV!Zd!R!YZXY!ac`SRSZ])
Zej!eYRe!eYV!hZ_U!efcSZ_V$d!_RTV]]V!Zd!Z_)T]`fU*!
!
!
A_!R! WZcde!Raac`RTY(! ZTZ_X!T`_UZeZ`_d!hVcV!UVWZ_VU!Rd!
dZefReZ`_d! hZeY! RZc! eV^aVcRefcVd! SV]`h! ,o;(! cV]ReZgV!



Yf^ZUZej! RS`gV! 51#! R_U! R! UZWWVcV_TV! SVehVV_! RZc!
eV^aVcRefcV! R_U! d\j! eV^aVcRefcV! `W! ]Vdd! eYR_! .o;*!
>Zcde!R_R]jdZd!`W!eYV!UReR!Zd!ac`^ZdZ_X!R_U!dVV^d!e`!
]VRU! e`! R_! Z^ac`gV^V_e! `W! eYV! UVeVTeZ`_! `W! ZTZ_X!
T`_UZeZ`_d*! 8! T`^aRcZd`_! SVehVV_! eYV! ^Ve! deReZ`_!
R_U!eYV!hZ_U!efcSZ_V!UReR!T]VRc]j!dY`hd!eYRe!eYV!hZ_U!
efcSZ_Vld!_RTV]]V! Zd!^`cV!`WeV_! Z_)T]`fU!eYR_!eYV!^Ve!
deReZ`_*!8!T`^aRcZd`_!`W!Z^RXVd!Wc`^!eYV!^Ve!deReZ`_!
R_U! eYV! hZ_U! efcSZ_V! T`_WZc^VU! eYRe! ZTZ_X! YRaaV_d!
^`cV! `WeV_! R_U! dec`_XVc! Re! eYV! _RTV]]V! `W! eYV! hZ_U!
efcSZ_V! eYR_! Re! eYV! ^Ve! deReZ`_! P4Q*! KYZd! f_UVc]Z_Vd!
eYV!Z^a`ceR_TV!`W!TRccjZ_X!`fe!ZTZ_X!^VRdfcV^V_ed!Re!
eYV!daVTZWZT!YVZXYe!`W! Z_eVcVde! %V*X*!Re!YfS!YVZXYe! W`c!
hZ_U!efcSZ_Vd&*!
!
*.47.8+;<8.$! 8.3+;1=.! 0<41-1;?$! 15,6415/! 365/! >+=.!
8+-1+;165!+5-!>15-!97..-!"0.+;.-!+5.464.;.8#!
ATZ_X! Zd! UVaV_UV_e! `_!hZ_U!daVVU!Rd!hZ_U! Zd! ecR_d)
a`ceZ_X!eYV!hReVc!Uc`a]Ved! Z_!eYV!RZc!R_U!W`cTVd!eYV^!
e`!T`]]ZUV!hZeY!R!decfTefcV*!;fccV_e]j(! WZcde!defUZVd!RcV!
TRccZVU! e`!gVcZWj! ZW! eYV! Z_T]fdZ`_!`W!hZ_U!daVVU! ]VRUd!
e`! R_! Z^ac`gV^V_e! `W! eYV! UVeVTeZ`_! `W! ZTZ_X! T`_UZ)
eZ`_d*!
!
(,.!&.;.,;689!
KYV! ^`de! cV]ZRS]V! Z_decf^V_e! e`! UVeVTe! ZTZ_X! T`_UZ)
eZ`_d! Zd! eYV! ZTV! UVeVTe`c*! L_W`cef_ReV]j(! R! T`^acV)
YV_dZgV! Z_eVc)T`^aRcZd`_! `W! T`^^VcTZR]]j! RgRZ]RS]V!
ZTV!UVeVTe`cd!`_!eYV!?fVedTY!dZeV!T]VRc]j!dY`hVU!eYRe!
eYVcV!Zd!TfccV_e]j!_`!Z_decf^V_e!RgRZ]RS]V!hYZTY!cV]ZR)
S]j! R_U! Rfe`^ReZTR]]j! ^VRdfcVd! ZTV! RTTcVeZ`_! P-,(!
--Q*! @`hVgVc(! eh`! ac`^ZdZ_X! Z_decf^V_ed! T`f]U! SV!
ZUV_eZWZVU!%>ZX*!0&6!
!
/! KYV!;`^SZeVTY!E\!A!ATVE`_Ze`c!Zd!^R_fWRTefcVU!

RTT`cUZ_X!e`!AJG!-.050*!Ae!fdVd!R!WcVV]j!c`eReZ_X!
gVceZTR]!Tj]Z_UVc!R_U!^VRdfcVd!eYV!hVZXYe!`W!ZTV!
RTTcVeVU!`_!eYV!ac`SV*!!

/! KYV! ?``UcZTY! ZTV!UVeVTe`c!,43.B-!YRd!R!ac`SV!
eYRe! `dTZ]]ReVd! Re! 0,! \@k! R_U! ^`_Ze`cd! eYV! WcV)
bfV_Tj! TYR_XV! UfV! e`! ZTV! RTTcVeZ`_*! 8! YVReVc!
^V]ed! eYV! ZTV! Re! cVXf]Rc! Z_eVcgR]d! UVaV_UZ_X! `_!
eYV!RTTcVeZ`_!cReV*!

!

!! !
>ZX*! 06! DVWe6! ;`^SZeVTY! ATVE`_Ze`c(! cZXYe6! ?``UcZTY!
ATV!<VeVTe`c*!
!
!
'#!7CNDLNJ?KAC!LD!RGKB!PQN@GKC!QKBCN!GAGKE!ALKBG"
PGLKO!
!
KYV!aVcW`c^R_TV!`W!eYV!hZ_U!efcSZ_V!`_!?fVedTY!hZeY!
cVdaVTe! e`! a`hVc! ac`UfTeZ`_(! ZTV! UVeVTeZ`_! R_U! VWWZ)
TZV_Tj!`W!eYV!S]RUV!YVReZ_X!hRd!^`_Ze`cVU!Sj!fdV!`W!
eYV!`aVcReZ`_R]!UReR!Rd!hV]]!Rd!eYV!Z_deR]]ReZ`_!`W!hVS!
TR^d! ^`_Ze`cZ_X! eYV! _RTV]]V! R_V^`^VeVc! R_U! eYV!
c`e`c!S]RUVd!P-.Q*!

0*-*!E`_Ze`cZ_X!`W!eYV!hZ_U!efcSZ_Vld!S]RUV!YVReZ_X!
KYV! hZ_U! efcSZ_V$d! S]RUV! YVReZ_X! Zd! SRdZTR]]j! T`_)
ec`]]VU!Sj!T`^aRcZd`_!`W!eYV!efcSZ_Vld!VWWVTeZgV!a`hVc!
ac`UfTeZ`_!R_U!eYV!eYV`cVeZT!a`hVc!ac`UfTeZ`_(!hYZTY!
Zd! T`^afeVU! Wc`^! ^VRdfcVU! hZ_U! daVVU! R_U! eYV!
efcSZ_Vld!a`hVc!TfcgV*!AW!ZTZ_X!Zd!UVeVTeVU(!eYV!a`hVc!
ac`UfTeZ`_!Zd!de`aaVU!R_U!VRTY!S]RUV!Zd!YVReVU!hZeY!
R!0!\N!Y`e!RZc!WR_!W`c!5,!^Z_feVd*!8WeVchRcUd(!a`hVc!
ac`UfTeZ`_!Zd!cVdf^VU*!!
A_!XV_VcR](!eYV!aVcW`c^R_TV!R_R]jdZd!`W!eYV!ZTV!UVeVT)
eZ`_!dY`hVU!X``U!cVdf]ed*!@`hVgVc(!RWeVc!T`^aRcZd`_!
hZeY! eYV!hVSTR^! Z^RXVd(! Ze! efc_VU!`fe! eYRe! ZTZ_X!`_!
S]RUVd! TR__`e! SV! UVeVTeVU! hZeY! eYZd! ^VeY`U! hYV_!
hZ_U!daVVU!Zd!]`h*!>fceYVc^`cV(!eYZd!ac`TVUfcV!Zd!_`e!
dfZeRS]V! W`c! UVeVTeZ_X! ]ZXYe! ZTZ_X*! KYVcVW`cV(! ZTZ_X!
^ZXYe!`TTfc!Re!]`h!hZ_U!daVVUd!Sfe! Zd!`_]j!UVeVTeVU!
hYV_!hZ_U!daVVU!Z_TcVRdVd!R_U!eYV!efcSZ_V!cVdf^Vd!
a`hVc! ac`UfTeZ`_*! KYfd(! eYV! YVReZ_X! ac`TVdd! eR\Vd!
a]RTV! UfcZ_X! R! aVcZ`U! hZeY! YZXY! hZ_U! daVVU! hYZTY!
^R\Vd!eYV!]`dd!Z_!a`hVc!ac`UfTeZ`_!Zd!YZXYVc!eYR_! ZW!
eYV! S]RUV! h`f]U! YRgV! SVV_! UV)ZTVU! SVW`cV*! >Z_R]]j(!
eYZd!Raac`RTY! Zd!_`e! TRaRS]V! e`!UVeVc^Z_V! ZW(!RWeVc!R!
S]RUV!YVReZ_X!TjT]V(!eYV!S]RUV!Zd!ZTV)WcVV!`c!_`e*!KYZd!
^R\Vd! eYV! Rfe`^ReZT! cVdeRce! `W! eYV! efcSZ_V! R! dRWVej!
cZd\*!
!
0*/!E`_Ze`cZ_X!`W!eYV!S]RUV!YVReZ_X!!
A_!^R_j!TRdVd!eYV!RTTcVeVU!ZTV!T`f]U!_`e!SV!Wf]]j!cV)
^`gVU! Wc`^! eYV! S]RUVd(!VdaVTZR]]j! Wc`^! eYV! ]VRUZ_X!
VUXV(!UfcZ_X!`_V!YVReZ_X!TjT]V!Sfe!`_]j!RWeVc!dVgVcR]!
RUUZeZ`_R]! YVReZ_X! TjT]Vd*! KYZd! cVdf]eVU! Z_! R! YZXYVc!
]`dd! Z_! a`hVc! ac`UfTeZ`_! R_U! R]]`hd! eYV! a`ddZSZ]Zej!
eYRe! eYV!hZ_U! efcSZ_V! cVdf^Vd!`aVcReZ`_!hYZ]V! eYVcV!
Zd! deZ]]! d`^V! ZTV! `_! eYV! S]RUVd6! eYZd! dZX_ZWZTR_e]j! Z_)
TcVRdVd! eYV! cZd\!`W! ZTV!eYc`h*! Ae!dVV^d!eYRe! eYV!YVRe!
ecR_dWVc!e`! eYV! ]VRUZ_X!VUXV!`W!eYV!S]RUVd!dY`f]U!SV!
`aeZ^ZkVU*!
!
!
(#!3AC!PFNLR!
!
8d!eYV!hZ_U!efcSZ_V!Zd!]`TReVU!T]`dV!e`!d\Z!d]`aVd(!ZTV!
eYc`h! Zd! R_! Z^a`ceR_e! dRWVej! ZddfV! P-/Q*! A_! `cUVc! e`!
RTYZVgV!^`cV! Z_W`c^ReZ`_!RS`fe! eYV! ZTV! eYc`h!`W! eYV!
hZ_U!efcSZ_V(!eYV!RcVR!Rc`f_U!eYV!hZ_U!efcSZ_V!hRd(!ZW!
RTTVddZS]V(! Z_daVTeVU! RWeVc! VgVcj! ZTZ_X! VgV_e! Sj! R!
]`TR]!aVcd`_!W`c! ZTV!WcRX^V_ed!eYRe!YRU!WR]]V_!`WW! eYV!
S]RUVd*! <ZdeR_TV! Wc`^! R_U! UZcVTeZ`_! cV]ReZgV! e`! eYV!
efcSZ_V!Rd!hV]]! Rd!dZkV!R_U!hVZXYe!`W! eYV! cVT`gVcVU!
WcRX^V_ed! hVcV! ^RaaVU! R_U(! e`XVeYVc! hZeY! aY`e`d(!
T`]]VTeVU!Z_!R!UReR!SRdV*!
L_eZ]! _`h(! ^`cV! eYR_! .,,! WcRX^V_ed! T`f]U! SV! cV)
T`cUVU(!d`^V!`W!eYV^!VgV_!UfcZ_X!df^^Vc!eZ^V*!KYV!
^RiZ^f^! UZdeR_TV! hRd! 5.! ^(! eYV! ^RiZ^f^! hVZXYe!
-*4!\X*!KYV!eYV`cVeZTR]!^RiZ^f^!UZdeR_TV!RTT`cUZ_X!
e`! P-/Q! `W! -/1! ^! hRd! _`e! cVRTYVU! d`! WRc*! >ZXfcV! 1!
dY`hd! eYV! UZdecZSfeZ`_! `W! eYV! ZTV! WcRX^V_ed! Rc`f_U!
eYV!hZ_U!efcSZ_V*!
8aac`iZ^ReV]j! 0,#! `W! eYV! WcRX^V_ed! hVcV! W`f_U!
hZeYZ_!R!UZdeR_TV!`W!.,!^!Wc`^!eYV!hZ_U!efcSZ_V!%c`e`c!
UZR^VeVc! 0,! ^&*! KYZd! ^R\Vd! eYV! RcVR! f_UVc! eYV!
S]RUVd! eYV! ^`de! UR_XVc`fd! RcVR! T`_TVc_Z_X! ZTV!
eYc`h*! KYV! defUZVd! cVgVR]VU! eYRe! ATV! eYc`h! Zd! R! dZX)
_ZWZTR_e! dRWVej! cZd\! Re! eYV! ?tedTY! dZeV*! KYVcVW`cV!
hRc_Z_X! dZX_d! YRgV! SVV_! Z_deR]]VU! R_U! R! _VRcSj!



hZ_eVc!hR]\Z_X!ecRZ]!hRd!a]RTVU!WfceYVc!RhRj!Wc`^!eYV!
hZ_U!efcSZ_V!P-0Q*!

!
>ZX*!16!<ZdecZSfeZ`_!`W!ZTV!eYc`h!Rc`f_U!eYV!efcSZ_V*!
!
!
)#!.LKAIQOGLKO!
!
;`_TVc_Z_X! eYV! e`aZTd! UZdTfddVU! Z_! eYZd! aRaVc(! eYV!
W`]]`hZ_X!T`_T]fdZ`_d!TR_!SV!UcRh_6!
/! 8UUZeZ`_R]!aRcR^VeVcd!_VVU! e`!SV!^VRdfcVU! W`c!

R!cV]ZRS]V!UZdeZ_TeZ`_!SVehVV_!^VeV`c`]`XZTR]!R_U!
Z_decf^V_eR]! ZTZ_X!W`c!R!cV]ZRS]V!dZeV!RddVdd^V_e!
f_UVc!ZTZ_X!T`_UZeZ`_d!

/! A_! T]`fU! ZTZ_X! T`_UZeZ`_d! TR_! SV! UVeVTeVU! WRZc]j!
hV]]!Sj!fdV!`W!RZc! eV^aVcRefcV(! cV]ReZgV!Yf^ZUZej!
R_U! eYV! d\j! eV^aVcRefcV! hYZTY! Zd! UVcZgVU! Wc`^!
Z_T`^Z_X!]`_X!hRgV!cRUZReZ`_!

/! ;fccV_e]j(!eYVcV!Zd!_`!Z_decf^V_e!RgRZ]RS]V!`_!eYV!
^Rc\Ve! hYZTY! Zd! TRaRS]V! `W!^VRdfcZ_X! ZTZ_X! cV)
]ZRS]j*! @`hVgVc(! eYV! ;`^SZeVTY! ATVE`_Ze`c! R_U!
eYV!?``UcZTY!ATV!UVeVTe`c!dVV^!e`!SV!ac`^ZdZ_X!
Z_decf^V_ed!

/! KYV!ZTV!UVeVTeZ`_!`W!eYV!=_VcT`_!=)0,!gZR!a`hVc!
TfcgV! dVV^d! e`! h`c\! T`_dZUVcRS]j! hV]]! ViTVae!
W`c! ]ZXYe! ZTZ_X! R_U! UfcZ_X! aVcZ`Ud! hZeY! ]`h! hZ_U!
daVVU!

/! KYZd!ZTV!UVeVTeZ`_!^VeY`U!XZgVd!_`!Z_W`c^ReZ`_!ZW!
S]RUVd! RcV! deZ]]! ZTVU! RWeVc! YVReZ_X! TjT]V*! KYZd!
^R\Vd!eYV!Rfe`^ReZT!cVdeRce!R!dRWVej!cZd\*!

/! GWeV_(!_`e!R]]! eYV! ZTV!TR_!SV!^V]eVU!UfcZ_X!`_V!
YVReZ_X!TjT]V(!VdaVTZR]]j!Re! eYV! ]VRUZ_X!VUXV!`W!
eYV!S]RUVd*!KYV!YVRe!ecR_dWVc!e`!eYV!]VRUZ_X!VUXV!
eYVcVW`cV!dY`f]U!SV!`aeZ^ZkVU!
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fcV^V_ed! `W! R_! f_YVReVU! R_V^`^VeVc*! MZeYZ_! eYZd! UReR(! `_]j!

Z_decf^V_eR]! ZTZ_X! Zd! gZdZS]V! hYV_! eYV! dV_d`c! XVed! defT\*! @e! Zd!
Z^a`ddZS]V! e`! UZdeZ_XfZdY! SVehVV_! ^VeV`c`]`XZTR]! R_U! Z_decf)
^V_eR]! ZTZ_X*!JYVcVW`cV! Ze! TR__`e! SV! VdeZ^ReVU! ZW! R! S]RUV! UV)
ZTZ_X!`c!R_eZ)ZTZ_X!djdeV^!h`f]U! ]VRU!e`!R_!VT`_`^ZT!SV_V)WZe!
W`c! eYV! `aVcRe`c! `c! _`e*! IVgVcR]! a`ddZS]V! RUUZeZ`_R]! ^VRdfcV)

^V_e!aRcR^VeVcd!hVcV!VgR]fReVU!W`c!eYVZc!dfZeRSZ]Zej!e`!UV]ZgVc!
eYZd!RUUZeZ`_R]!Z_W`c^ReZ`_6!
!

-&!3A=NA@!PM&!OIDA=NA@!=IAHJHANAL!

JYV! T`^aRcZd`_! SVehVV_! R! YVReVU! R_U! R_! f_YVReVU! R_V)
^`^VeVc!TR_!`_]j!XZgV!Z_W`c^ReZ`_!T`_TVc_Z_X!eYV!UfcReZ`_!`W!
Z_decf^V_eR]!ZTZ_X!Rd!eYV!YVReVU!R_V^`^VeVc!Zd!%`c!dY`f]U!SV&!
T`^a]VeV]j! f_RWWVTeVU! Sj! ZTZ_X*! 8fe! eYV! fdV! `W! R! YVReVU! R_V)

^`^VeVc!TVceRZ_]j! Z_TcVRdVd! eYV!RTTfcRTj!`W! eYV! VgR]fReZ`_!`W!
eYV!hZ_U! a`eV_eZR]! ZedV]W! Rd!hZ_U! UReR! Zd! RgRZ]RS]V! eYc`fXY`fe!
eYV!hY`]V!eZ^V*!!

.&!9AHKAL=NOLA!

7UUZeZ`_R]!^VRdfcV^V_ed! `W! eV^aVcRefcV! XZgV! VddV_eZR]! Z_)
W`c^ReZ`_!RS`fe!eYV!`TTfccV_TV!`W!ViecV^V]j!]`h!eV^aVcRefcVd!
Re!eYV!dZeV*!?`hVgVc(!eYVj!TR__`e!dRj!R_jeYZ_X!RS`fe!^VeV`c`)
]`XZTR]!`c!Z_decf^V_eR]! ZTZ_X!Rd!ZTZ_X!^fde!_`e!_VTVddRcZ]j!`T)
Tfc!hYV_!eV^aVcRefcV!WR]]d!SV]`h!,v9!%Ucj!RZc&*!

/&!9AHKAL=NOLA!=I@!LAG=NEPA!DOHE@ENR!

DVRdfcV^V_ed! `W! eV^aVcRefcV! R_U! cV]ReZgV! Yf^ZUZej! R]]`h!
R_! Z_UZTReZ`_! RS`fe! ^VeV`c`]`XZTR]! `c! Z_decf^V_eR]! ZTZ_X*! 7!
hZUV]j!fdVU!Raac`RTY!Zd!eYV!dZ^a]V!UVWZ_ZeZ`_!eYRe!ZTZ_X!`TTfcd!
Re! RZc! eV^aVcRefcVd!SV]`h! ,v9!R_U! R! cV]ReZgV! Yf^ZUZej! YZXYVc!
eYRe!51#*!?`hVgVc(!dVgVcR]!defUZVd!dY`hVU!eYRe! eYZd!Raac`RTY!
Zd!_`e!RS]V!e`!cV]ZRS]j!UVeVTe!ZTZ_X!T`_UZeZ`_d!P4Q*!!

@_! RUUZeZ`_(! ^VRdfcV^V_ed! `W! cV]ReZgV! Yf^ZUZej! RcV! ^`de]j!
aVcW`c^VU!RTT`cUZ_X!e`!MDF+9@DF!deR_URcUd!hYVcV!dRefcR)
eZ`_!hReVc!gRa`c!acVddfcV!Zd!R]hRjd!TR]Tf]ReVU!hZeY! cVdaVTe! e`!
hReVc! P5Q*! 8V]`h!,v9(! dRefcReZ`_! TR__`e! SV! cVRTYVU! R_j^`cV!
fdZ_X!eYZd!ac`TVUfcV!%WZX*!/&*!@_!`cUVc!e`!SV!RS]V!e`!fdV!cV]ReZgV!
Yf^ZUZej!Rd!R!aRcR^VeVc! W`c! eYV!UVeVc^Z_ReZ`_!`W! ZTZ_X!T`_UZ)
eZ`_d(! eYV! cVRUZ_Xd! W`c! cV]ReZgV! Yf^ZUZej! YRgV! e`! SV! cV)
TR]Tf]ReVU!hZeY!cVdaVTe!e`!dRefcReZ`_!hReVc!gRa`c!acVddfcV!`gVc!
ZTV!W`c!eV^aVcRefcVd!SV]`h!,v9*!

0&!9AHKAL=NOLA$!LAG=NEPA!DOHE@ENR!=I@!EI?JHEIC!GJIC!Q=PA!

L=@E=NEJI!

MYV_! ZTZ_X! ^`de]j! `TTfcd! Rd! Z_T]`fU! ZTZ_X(! eYV! Raac`RTY!
UVdTcZSVU!RS`gV!TR_!SV!Z^ac`gVU!Sj!fdV!`W!eYV!Z_T`^Z_X!]`_X!

hRgV!cRUZReZ`_!C"hZeY!R!ajcXV`^VeVc*!JYZd!R]]`hd!eYV!TR]Tf)

]ReZ`_! `W! eYV! d\j! eV^aVcRefcV! Jd\j! RTT`cUZ_X! e`! IeVWR_)
8`]ek^R__$d!]Rh6!
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@W!eYV!T]`fU!SRdV!Zd!YZXYVc!eYR_!eYV!hZ_U!efcSZ_V!%`c!ZW!eYVcV!

RcV!_`!T]`fUd!Re!R]]&(!eYV!d\j!eV^aVcRefcV!Zd!]`hVc!eYR_!eYV!R^)
SZV_e!RZc!eV^aVcRefcV*!@W!eYV!d\j!eV^aVcRefcV!XVed!T]`dV!e`!`c!Zd!
VbfR]!e`!eYV!RZc!eV^aVcRefcV!Re!YfS!YVZXYe(!eYVcV!Zd!R!YZXY!ac`S)
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RSZ]Zej!eYRe!eYV!dV_d`cd(!V*X*! eYV!_RTV]]V!`W!eYV!hZ_U!efcSZ_V!`c!
eYV!eZa!`W!eYV!S]RUVd!RcV!Z_)T]`fU!%WZX*!/&*!

!

!
=ZX*!/6!! HV]ReZgV!Yf^ZUZej!^VRdfcVU!RTT`cUZ_X!MDF+9@DF!deR_URcUd!U`Vd!
_`e!cVRTY!dRefcReZ`_!R_j^`cV!Re!eV^aVcRefcVd!SV]`h!,v9!%cVU!RcVR&*!

!
@_!R! WZcde!Raac`RTY(! ZTZ_X!T`_UZeZ`_d!hVcV!UVWZ_VU!Rd!dZefR)

eZ`_d!hZeY!RZc!eV^aVcRefcVd!SV]`h!,v9(!cV]ReZgV!Yf^ZUZej!RS`gV!

51#! R_U! R! UZWWVcV_TV! SVehVV_! RZc! eV^aVcRefcV! R_U! d\j! eV^)
aVcRefcV! `W! ]Vdd! eYR_! .v9*! ;ReR! R_R]jdZd! dY`hVU! ac`^ZdZ_X!
cVdf]ed*! 7! T`^aRcZd`_! SVehVV_! eYV! ^Ve! deReZ`_! R_U! eYV! hZ_U!
efcSZ_V! UReR! T]VRc]j! dY`hd! eYRe! eYV! hZ_U! efcSZ_Vqd! _RTV]]V! Zd!

^`cV!`WeV_!Z_)T]`fU!eYR_!eYV!^Ve!deReZ`_*!7!T`^aRcZd`_!`W!Z^)
RXVd!Wc`^!eYV!^Ve!deReZ`_!R_U!eYV!hZ_U!efcSZ_V!T`_WZc^VU!eYRe!
ZTZ_X! YRaaV_d! ^`cV! `WeV_! R_U! dec`_XVc! Re! eYV! _RTV]]V! `W! eYV!
hZ_U! efcSZ_V! eYR_! Re! eYV! ^Ve! deReZ`_! P4Q*! JYZd! f_UVc]Z_Vd! eYV!
Z^a`ceR_TV!`W!TRccjZ_X!`fe!ZTZ_X!^VRdfcV^V_ed!Re! eYV!daVTZWZT!
YVZXYe!`W!Z_eVcVde!%V*X*!Re!YfS!YVZXYe!W`c!hZ_U!efcSZ_Vd&*!

!

!! !
=ZX*!/6!CVWe6!hYV_!eYV!T]`fU!SRdV!Zd!YZXYVc!eYR_!eYV!hZ_U!efcSZ_V$d!_RTV]]V(!eYV!
d\j!eV^aVcRefcV!Zd!dZX_ZWZTR_e]j!]`hVc!eYR_!eYV!RZc! eV^aVcRefcV!Re!eYV!_RTV]]V*!
HZXYe6!hYV_! eYV! d\j! eV^aVcRefcV! Zd! Raac`iZ^ReV]j! VbfR]! e`! eYV! RZc! eV^aVcR)
efcV(!eYVcV!Zd!R!YZXY!ac`SRSZ]Zej!eYRe!eYV!hZ_U!efcSZ_V$d!_RTV]]V!Zd!Z_)T]`fU*!

!

1&!9AHKAL=NOLA$!LAG=NEPA!DOHE@ENR$!EI?JHEIC!GJIC!Q=PA!L=@E=%

NEJI!=I@!QEI@!MKAA@!"DA=NA@!=IAHJHANAL#!

@TZ_X! Zd! UVaV_UV_e! `_! hZ_U! daVVU! Rd! hZ_U! Zd! ecR_da`ceZ_X!
eYV!hReVc!Uc`a]Ved!Z_!eYV!RZc!R_U!W`cTVd!eYV^!e`!T`]]ZUV!hZeY!R!
decfTefcV*! 9fccV_e]j(! WZcde! defUZVd! RcV! TRccZVU! e`! gVcZWj! ZW! eYV!
Z_T]fdZ`_!`W!hZ_U!daVVU!]VRUd!e`!R_!Z^ac`gV^V_e!`W!eYV!UVeVT)
eZ`_!`W!ZTZ_X!T`_UZeZ`_d*!

!

2&!4?A!0ANA?NJLM!

JYV! ^`de! cV]ZRS]V! Z_decf^V_e! e`! UVeVTe! ZTZ_X! T`_UZeZ`_d! Zd!
eYV! ZTV! UVeVTe`c*! K_W`cef_ReV]j(! R! T`^acVYV_dZgV! Z_eVc)

T`^aRcZd`_! `W! T`^^VcTZR]]j! RgRZ]RS]V! ZTV! UVeVTe`cd! `_! eYV!
>fVedTY! dZeV! T]VRc]j! dY`hVU! eYRe! eYVcV! Zd! TfccV_e]j! _`! Z_decf)
^V_e! RgRZ]RS]V!hYZTY! cV]ZRS]j!R_U!Rfe`^ReZTR]]j!^VRdfcVd! ZTV!
RTTcVeZ`_!P-,(!--Q*!?`hVgVc(!eh`!ac`^ZdZ_X!Z_decf^V_ed!T`f]U!

SV!ZUV_eZWZVU!%=ZX*!0&6!
!

r! JYV!9`^SZeVTY!D\!@!@TVD`_Ze`c!Zd!^R_fWRTefcVU!RTT`cU)
Z_X!e`!@IF!-.050*!@e!fdVd!R!WcVV]j!c`eReZ_X!gVceZTR]!Tj]Z_)
UVc!R_U!^VRdfcVd!eYV!hVZXYe!`W!ZTV!RTTcVeVU!`_!eYV!ac`SV*!!

r! JYV!>``UcZTY!ZTV!UVeVTe`c!,43.A-!YRd!R!ac`SV!eYRe!`dTZ])
]ReVd!Re!0,!\?k!R_U!^`_Ze`cd!eYV!WcVbfV_Tj!TYR_XV!UfV!e`!
ZTV! RTTcVeZ`_*!7!YVReVc!^V]ed! eYV! ZTV! Re! cVXf]Rc! Z_eVcgR]d!

UVaV_UZ_X!`_!eYV!RTTcVeZ`_!cReV*!
!

!! !
!!!!!

=ZX*!06!CVWe6!9`^SZeVTY!@TVD`_Ze`c(!cZXYe6!>``UcZTY!@TV!;VeVTe`c*!

!

L*!!G<H=FHD7E9<!F=!M@E;!JKH8@E<!KE;<H!@9@E>!9FE;@J@FEI!

!
JYV! aVcW`c^R_TV! `W! eYV!hZ_U! efcSZ_V! `_! >fVedTY! hZeY! cV)

daVTe!e`!a`hVc!ac`UfTeZ`_(! ZTV!UVeVTeZ`_!R_U!VWWZTZV_Tj!`W! eYV!
S]RUV!YVReZ_X!hRd!^`_Ze`cVU!Sj!fdV!`W!eYV!`aVcReZ`_R]!UReR!Rd!
hV]]! Rd! eYV! Z_deR]]ReZ`_! `W! hVS! TR^d! ^`_Ze`cZ_X! eYV! _RTV]]V!
R_V^`^VeVc!R_U!eYV!c`e`c!S]RUVd!P-.Q*!

-&!7JIENJLEIC!JB!NDA!QEI@!NOL>EIASM!>G=@A!DA=NEIC!

JYV!hZ_U! efcSZ_V$d!S]RUV!YVReZ_X! Zd!SRdZTR]]j!T`_ec`]]VU!Sj!
T`^aRcZd`_!`W!eYV!efcSZ_Vqd!VWWVTeZgV!a`hVc!ac`UfTeZ`_!R_U!eYV!
eYV`cVeZT!a`hVc!ac`UfTeZ`_(!hYZTY!Zd!T`^afeVU!Wc`^!^VRdfcVU!
hZ_U!daVVU!R_U!eYV!efcSZ_Vqd!a`hVc!TfcgV*!@W!ZTZ_X!Zd!UVeVTeVU(!
eYV!a`hVc!ac`UfTeZ`_!Zd!de`aaVU!R_U!VRTY!S]RUV!Zd!YVReVU!hZeY!

R!0!\M!Y`e!RZc!WR_!W`c!5,!^Z_feVd*!7WeVchRcUd(!a`hVc!ac`UfT)
eZ`_!Zd!cVdf^VU*!!

@_! XV_VcR](! eYV! aVcW`c^R_TV! R_R]jdZd! `W! eYV! ZTV! UVeVTeZ`_!
dY`hVU! X``U! cVdf]ed*! ?`hVgVc(! RWeVc! T`^aRcZd`_! hZeY! eYV!
hVSTR^! Z^RXVd(! Ze! efc_VU! `fe! eYRe! ZTZ_X! `_! S]RUVd! TR__`e! SV!
UVeVTeVU! hZeY! eYZd! ^VeY`U! hYV_! hZ_U! daVVU! Zd! ]`h*! =fceYVc)
^`cV(! eYZd! ac`TVUfcV! Zd! _`e! dfZeRS]V! W`c! UVeVTeZ_X! ]ZXYe! ZTZ_X*!

JYVcVW`cV(! ZTZ_X! ^ZXYe! `TTfc! Re! ]`h! hZ_U! daVVUd! Sfe! Zd! `_]j!
UVeVTeVU!hYV_!hZ_U! daVVU! Z_TcVRdVd! R_U! eYV! efcSZ_V! cVdf^Vd!
a`hVc!ac`UfTeZ`_*!JYfd(!eYV!YVReZ_X!ac`TVdd!eR\Vd!a]RTV!UfcZ_X!
R!aVcZ`U!hZeY!YZXY!hZ_U!daVVU!hYZTY!^R\Vd!eYV!]`dd! Z_!a`hVc!
ac`UfTeZ`_!Zd!YZXYVc!eYR_!ZW!eYV!S]RUV!h`f]U!YRgV!SVV_!UV)ZTVU!
SVW`cV*! =Z_R]]j(! eYZd! Raac`RTY! Zd! _`e! TRaRS]V! e`! UVeVc^Z_V! ZW(!
RWeVc! R! S]RUV! YVReZ_X! TjT]V(! eYV! S]RUV! Zd! ZTVWcVV! `c! _`e*! JYZd!
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^R\Vd!eYV!Rfe`^ReZT!cVdeRce!`W!eYV!efcSZ_V!R!dRWVej!cZd\*!

.&!7JIENJLEIC!JB!NDA!>G=@A!DA=NEIC!!

@_!^R_j!TRdVd!eYV!RTTcVeVU! ZTV!T`f]U!_`e!SV!Wf]]j!cV^`gVU!
Wc`^!eYV!S]RUVd(!VdaVTZR]]j!Wc`^!eYV!]VRUZ_X!VUXV(!UfcZ_X!`_V!
YVReZ_X!TjT]V!Sfe!`_]j!RWeVc! dVgVcR]!RUUZeZ`_R]!YVReZ_X! TjT]Vd*!

JYZd! cVdf]eVU!Z_!R!YZXYVc!]`dd!Z_!a`hVc!ac`UfTeZ`_!R_U!R]]`hd!
eYV! a`ddZSZ]Zej! eYRe! eYV! hZ_U! efcSZ_V! cVdf^Vd! `aVcReZ`_! hYZ]V!
eYVcV!Zd!deZ]]!d`^V!ZTV!`_!eYV!S]RUVd6!eYZd!dZX_ZWZTR_e]j!Z_TcVRdVd!
eYV!cZd\!`W!ZTV!eYc`h*!@e!dVV^d!eYRe!eYV!YVRe!ecR_dWVc!e`!eYV!]VRU)
Z_X!VUXV!`W!eYV!S]RUVd!dY`f]U!SV!`aeZ^ZkVU*!

L@*!!@9<!J?HFM!

!
7d!eYV!hZ_U!efcSZ_V!Zd!]`TReVU!T]`dV!e`!d\Z!d]`aVd(!ZTV!eYc`h!

Zd!R_!Z^a`ceR_e!dRWVej!ZddfV!P-/Q*!@_!`cUVc!e`!RTYZVgV!^`cV!Z_)

W`c^ReZ`_! RS`fe! eYV! ZTV! eYc`h! `W! eYV! hZ_U! efcSZ_V(! eYV! RcVR!
Rc`f_U! eYV! hZ_U! efcSZ_V! hRd(! ZW! RTTVddZS]V(! Z_daVTeVU! RWeVc!
VgVcj!ZTZ_X!VgV_e!Sj!R! ]`TR]!aVcd`_!W`c!ZTV!WcRX^V_ed! eYRe!YRU!
WR]]V_! `WW! eYV! S]RUVd*! ;ZdeR_TV! Wc`^! R_U! UZcVTeZ`_! cV]ReZgV! e`!

eYV! efcSZ_V! Rd!hV]]! Rd! dZkV! R_U!hVZXYe! `W! eYV! cVT`gVcVU! WcRX)
^V_ed!hVcV!^RaaVU!R_U(! e`XVeYVc!hZeY!aY`e`d(! T`]]VTeVU! Z_! R!
UReR!SRdV*!

K_eZ]! _`h(! ^`cV! eYR_! .1,! WcRX^V_ed! T`f]U! SV! cVT`cUVU(!
d`^V! `W! eYV^! VgV_! UfcZ_X! df^^Vc! eZ^V*! JYV! ^RiZ^f^! UZd)
eR_TV!hRd!5.!^(!eYV!^RiZ^f^!hVZXYe!-*4!\X*!JYV! eYV`cVeZTR]!
^RiZ^f^!UZdeR_TV!RTT`cUZ_X!e`!P-/Q!`W!-/1!^!hRd!_`e!cVRTYVU!
d`! WRc*! =ZXfcV! 1! dY`hd! eYV! UZdecZSfeZ`_! `W! eYV! ZTV! WcRX^V_ed!

Rc`f_U! eYV! hZ_U! efcSZ_V(! WZXfcV! 2! R_! ViR^a]V! `W! ZTV! eYc`h!
hYZTY!`TTfccVU!Z_!eYV!^ZUU]V!`W!eYV!df^^Vc*!!

7aac`iZ^ReV]j! 0,#!`W! eYV! WcRX^V_ed!hVcV! W`f_U!hZeYZ_! R!
UZdeR_TV!`W!.,!^!Wc`^!eYV!hZ_U!efcSZ_V!%c`e`c!UZR^VeVc!0,!^&*!

JYZd!^R\Vd!eYV!RcVR!f_UVc!eYV!S]RUVd!eYV!^`de!UR_XVc`fd!RcVR!
T`_TVc_Z_X!ZTV! eYc`h*!JYV!defUZVd!cVgVR]VU!eYRe!@TV!eYc`h!Zd!R!
dZX_ZWZTR_e! dRWVej! cZd\! Re! eYV! >{edTY! dZeV*! JYVcVW`cV! hRc_Z_X!
dZX_d!YRgV!SVV_!Z_deR]]VU!R_U!R!_VRcSj!hZ_eVc!hR]\Z_X!ecRZ]!hRd!
a]RTVU!WfceYVc!RhRj!Wc`^!eYV!hZ_U!efcSZ_V!P-0Q*!

!

=ZX*!16!;ZdecZSfeZ`_!`W!ZTV!eYc`h!Rc`f_U!eYV!efcSZ_V*!

!
!
=ZXfcV!/6!GY`e`!`W!ZTV!WcRX^V_ed!

!

L@@*!!9FE9CKI@FEI!

!

9`_TVc_Z_X!eYV!e`aZTd!UZdTfddVU!Z_!eYZd!aRaVc(!eYV!W`]]`hZ_X!
T`_T]fdZ`_d!TR_!SV!UcRh_6!

!
r! 7UUZeZ`_R]!aRcR^VeVcd!_VVU!e`!SV!^VRdfcVU!W`c!R!cV]ZRS]V!
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1 INTRODUCTION

Garrad Hassan America, Inc. (“GH”) has been contracted by Green Mountain Power Corp. (the
“Client”) to provide a literature review of work relating to wind turbine failure and general
information on the certification process of modern wind turbines.

The results of this work are presented in this report.
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2 LITERATURE REVIEW OF TURBINE FAILURES

GH has undertaken a literature review of publicly-available sources of turbine failures, in
particular turbine rotor and tower failures resulting in full or partial blade throws and tower
collapse. GH has concluded that there are very few accounts in the literature of turbine failure
and the associated reporting is very limited.

2.1 Turbine rotor

The most up-to-date comprehensive study of this topic can be found in a recent report
(“California Report”) prepared by the California Wind Energy Collaborative in November 2006
[1]. This report contains an exhaustive literature review of turbine failure rate studies and
provides recommendations for assessing the risk of full or partial blade throws. The main types
of blade failures are listed as:

" Full blade failure at root connection,
" Partial blade failure from lightning damage, defect or extreme load buckling,
" Failure at outboard aerodynamic device, and
" Failure from tower strike.

Factors attributed to these failures are:

" Unforeseen environmental events outside the design envelope,
" Incorrect design for ultimate or fatigue loads,
" Poor manufacturing quality,
" Failure of turbine control/safety system, and
" Human error.

Most failures are actually reported to be a combination of the above factors and it is reported that
the probabilities of some failure events are highly correlated with each other [1].

A Dutch Handbook [2] which compiles the information of two large databases of wind turbines in
Denmark and Germany covering turbine operation from the 1980s until 2001 has also been listed
in the California Report. The authors of the Handbook analyzed the data and recommended the
following risk values for blade failure rates:

" Full blade failure at nominal rotor speed – 1 in 2,400 turbines per year
" Full blade failure at mechanical breaking (~1.25 times nominal rotor speed) – 1 in 2,400

turbines per year
" Full blade failure at mechanical breaking (~2.0 time nominal rotor speed) – 1 in 20,000

turbines per year
" Failure of tip or piece of blade – 1 in 4,000 turbines per year

Documented blade failures and distances were also reported in the Handbook with the maximum
distance reported for an entire blade 150 m and for a blade fragment 500 m.

The Handbook authors have compared these recommended blade failure rates to earlier ones
developed by European agencies in the earlier 1990s, with the overall blade failure rate declining
by a factor of three. The authors of the California Report have commented that “with the
maturity of the industry blade failures will continue to decrease.”
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2.2 Turbine tower

While the California Wind Energy Collaborative [1] Report does not have any conclusions or
recommendations specific to turbine tower failures, several sources reviewed suggests the failure
rate of tower collapse is somewhat lower than blade failures with the actual area affected being
significant less. Factors attributed to tower failures are also quite similar to blade failures and are
considered to be:

" Design error in tower or foundation,
" Poor manufacturing quality in tower or foundation,
" Failure of turbine control/safety system (particularly pitch system), and
" Extreme weather/seismic event.

The authors of the Dutch Handbook [2] have also recommended a risk value of 1 in 7,700
turbines per year for tower failure rates. A maximum distance of tower height plus blade length
was also reported in the Handbook.
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3 THE CERTIFICATION PROCESS

The wind industry de facto standard calls for a turbine to be certified by a recognized certification
agency. The two certifications that are commonly used for commercial turbines are:

" Statement of Compliance for Design Assessment according to IEC 61400-1
" Type Certificate according to IEC WT01:2001

The Design Assessment is a thorough review of the design documentation from the turbine
manufacturer carried out by the selected certification agency. The design documentation must
cover the whole turbine.

A Type Certification is far more comprehensive than a Design Assessment and includes prototype
testing and an assessment of the manufacturing process. Therefore, Type Certification is to be
preferred.

The Statement of Compliance is issued after review of the machine design using specified
components. In order to maintain a valid certificate the machines delivered to site must consist of
an assembly of these components. The turbine supplier cannot vary these components and
maintain certification. It is therefore important to check that the machines delivered are, indeed,
consistent with the certificate and hence with the specification. It is also important to establish,
and to check during the manufacturing process, that the turbines delivered are consistent with the
certified specification.

This procedure must be followed throughout the life of the machine. The providers of operation
and maintenance service must either ensure that all components used for repair or enhancement
are in accordance with the original certification or have the certification modified to reflect any
alternative components.

The certification process also requires the inspection of the wind turbine on a periodic basis. This
would be generally every two years but this may be extended in certain circumstances. Such
inspections should include a detailed inspection of blades.

3.1 Safety system

A review and test of the safety system is standard procedure for certification. The design
evaluation is performed in accordance with IEC 61400 Part 1. Additional areas including testing,
manufacture and foundation design are included in the evaluation for the type certificate.

Compliance with the requirements for turbine safety systems defined in the design standard
IEC 61400-1 is verified via certification. Particularly critical to turbine safety is the redundancy
of the braking systems.

The control system of the modern wind turbine typically incorporates a number of safety features
some of which are listed below:

" Vibration sensor to monitor blade vibrations,

" Vibration sensor to monitor tower vibrations, and

" Vibration sensor to monitor nacelle vibrations.

The controller also typically monitors the relationship between power and wind speed and, in the
event of a significant difference from the expected value, the turbine is stopped.
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4 CONCLUSIONS

It is the view of GH that the figures proposed in the Dutch Handbook [2] are significantly
conservative in the context of current-day commercial wind turbines, because the various root-
causes of blade and tower failures have been continuously addressed through developments in
best practice in design, testing, manufacture and operation – much of which has been captured in
the IEC standards series with which all current large wind turbines comply.

The reduction in failures referred to in the above reports coincides with the widespread
introduction of turbine design certification and type approval. This process requires full scale
strength testing of every certified design of turbine blades. It also often requires a dynamic test
that simulates the complete life loading on the blade. The certification body will also perform a
quality audit of the blade manufacturing facilities and perform strength testing of construction
materials. This approach has effectively eliminated blade design as a root cause of failures.
Unfortunately, this does not mean that blade failures do not occur, but when they do, the root
cause is some other factors.

Wind turbine towers are generally simple fabricated structures. The methods used for analysis of
the tower structures are well defined in national and international standards. Further guidance on
tower design is provided in the IEC 61400 Part 1 standard. The loads applied to towers are
dominated by the rotor loads. The design load assumptions are confirmed through load
verification that is performed as part of the full Type Approval. The subject turbine has been
subject to load verification.

The main causes of blade and tower failures are now a control system failure leading to an over
speed situation, a lightning strike or a manufacturing defect in the blade. The latter cause does not
often lead to detachment of blade fragments.

Turbine control systems are the subject of rigorous specification in the design standards for wind
turbines (IEC 61400-1) and exhaustive analysis in the certification process; hence most systems
operate in a safe and reliable manner. Turbines with industry certification must have a safety
system completely independent of the control system. The safety system must also have two
mutually independent braking systems capable of bringing the rotor speed under control in the
event of loss of reaction torque – common in the event of failure of the utility grid connection.
Usually the blades pitch to release the aerodynamic torque while a brake is applied to the shaft.
In the event of a failure in one system, the other system must be able to control the rotor speed.

Anecdotal information now suggests that the most common cause of a control system failure is
human error; where an operator makes an unauthorized adjustment. Many manufacturers
recognize this and are now limiting the adjustments that can be made in the field.

Lightning protection systems for wind turbines have developed significantly over the past decade
and best practice has been captured in industry standards to which all modern turbines comply.
This has led to a dramatic drop in events where lightning causes structural damage.

The occurrence of structural manufacturing defects in rotor blades has also diminished
dramatically due to improved experience and quality control in the industry, centered on a small
number of companies who make blade manufacture their main or sole business. Design practice
has also evolved to improve structural margins against any manufacturing deficiencies. Even in
the rare event of blade failure in modern machines, detachment of whole blades is highly unusual.
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Wind turbine towers are manufactured in specialty facilities with full Quality Assurance
procedures in place. All such procedures will have been subject to verification in accordance
with the ISO9001 quality standard.

It is considered that the above developments have substantially reduced the probabilities relating
to blade and tower failures from those represented in the Dutch Handbook [2]. This has been
necessitated by the increasing trend of locating wind turbines in very close proximity to
population – notably in Northern Europe. For less populous sites, this has the effect of making
the risk of injury resulting from a blade failure event diminishingly probable and almost certainly
on a par with natural hazards. Even with applying the recommended values in the Dutch
Handbook [2], it is noted that a previous risk assessment study for a proposed wind farm site in
Washington State [3] concluded that the risk of an individual being struck by a modern turbine
failure at a distance of 150 m is 1 in 1,000,000.

The literature review undertaken and certification process in place for modern wind turbines lead
to the following conclusions:

" It is fully expected that if the site conditions are within the IEC Class design parameters and
suitable operation and maintenance program is in place, the probability of turbine structural
failure during the operational lifetime is considered to have a dramatically lower probability
than represented by figures published in the Dutch Handbook [2] and, for sparsely-populated
areas, almost certainly on a par with natural hazards.

" Should a blade failure occur, experience shows that, with modern design and manufacturing
techniques, it is much more likely that most parts of the damaged blade will remain attached
to the turbine rather than a whole blade detaches.

" The probability of tower failure during the operational lifetime of a certified turbine is
considered to have lower probability than blade failures.
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[OQVW\S`g O\R bVS ZO`US a^W\\W\U [Oaa ]T bVS eW\R bc`PW\S `]b]`) MW\R S\S`Ug$a VOhO`Ra' ZWYS Wba 
O^^SO`O\QS ]\ bVS ZO\RaQO^S' O`S `SORWZg O^^O`S\b) MW\R S\S`Ug VWRSa \] ZObS\b YWZZS`a5 \] PZOQY 

Zc\U' T]` SfO[^ZS) MVS\ eW\R YWZZa' Wb R]Sa a] RW`SQbZg' O\R eWbV U`cSa][S STTSQb) 
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@\ bVWa QVO^bS`' eS$ZZ TW`ab SfO[W\S bVS `SQ]`R O\R UZSO\ eVOb eS QO\ T`][ TObOZ OQQWRS\ba eWbV 
eW\R S\S`Ug) JVS\ eS$ZZ bc`\ b] bVS b]]Za O\R ^`OQbWQSa \SQSaaO`g T]` e]`YW\U aOTSZg eWbV bVS 
bSQV\]Z]Ug) K\^ZSOaO\b Oa bVS OQQ]c\ba RSaQ`WPSR [Og PS' bVSg S[^VOaWhS bVS \SSR b] e]`Y 

aOTSZg((PSQOcaS g]c` ZWTS _cWbS ZWbS`OZZg RS^S\Ra c^]\ Wb) 

;SObV W\ bVS [Oe ]T O eW\R [OQVW\S Wa \]bVW\U \Se) ?)9) ?O``Wa]\ `SQ]c\ba W\ JVS Ib]`g ]T 
I^`]eab]\ DWZZ V]e VWa U`SOb(U`O\RTObVS`' H]PS`b H]PS`ba]\' eOa YWZZSR W\ +2., OTbS` PSQ][W\U 

S\bO\UZSR W\ bVS aOQY V]Wab ]\ VWa <\UZWaV eW\R[WZZ) JVS`S O`S VWab]`WQOZ OQQ]c\ba ]T aW[WZO` RSORZg 
OQQWRS\ba W\ =`O\QS' O\R \] R]cPb ZWYS bOZSa QO\ PS T]c\R W\ ]bVS` Q]c\b`WSa eVS`S eW\R S\S`Ug 

VOa PSS\ caSR) 

IW\QS Wba `SPW`bV W\ bVS +31*a' eW\R S\S`Ug VOa RW`SQbZg ]` W\RW`SQbZg YWZZSR ,* ^S]^ZS e]`ZReWRS) 
JVS TW`ab eOa JW[ DQ9O`b\Sg' eV] TSZZ b] VWa RSObV \SO` ;S^cgS`' D]\bO\O W\ +32* eVWZS b`gW\U b] 

aOZdOUS O +3-*a(S`O eW\RQVO`US`) JVS`S O`S TSe RSbOWZa ]\ DQ9O`b\Sg$a RSObV) ?S eOa eWbV O Q](
e]`YS` O\R RWSR be] V]c`a ZObS` Ob bVS V]a^WbOZ W\ 9]\`OR' D]\bO\O) DQ9O`b\Sg eOa T]ZZ]eSR O 
TSe gSO`a ZObS` Pg JS``g DSV`YO[' O ^W]\SS`W\U GS\\agZdO\WO RSaWU\S` O\R [O\cTOQbc`S` ]T eW\R 

bc`PW\Sa) DSV`YO[ eOa YWZZSR W\ ZObS +32+ \SO` 8]cZSdO`R' 9OZWT]`\WO) K\T]`bc\ObSZg' DSV`YO[ 
eOa \]b bVS ZOab) 

7 aV]`b eVWZS ZObS` bVS`S eOa O a^ObS ]T SZSQb`]QcbW]\a) GOb 7QYS` eOa YWZZSR eVWZS Q]\ab`cQbW\U bVS 

T]c\RObW]\ T]` O eW\R bc`PW\S \SO` 8caVZO\R' JSfOa O\R AS\a <`WY DORaS\ eOa SZSQb`]QcbSR eVWZS 
aS`dWQW\U O eW\R bc`PW\S W\ ;S\[O`Y) @\ +32- 9O\ORWO\ <`WQ M`WUVb `]RS O\ Sf^S`W[S\bOZ ;O``WSca 

eW\R bc`PW\S b] VWa RSObV eVS\ Wb TSZZ ]dS` Rc`W\U W\abOZZObW]\ \SO` GOZ[ I^`W\Ua' 9OZWT]`\WO) 

+32. eOa O RSORZg gSO`) KUS\S IbOZZVcb eOa R`WdW\U O b`OQb]` Oa O b]e dSVWQZS eVS\ Wb TZW^^SR 
]dS` O\R Q`caVSR VW[ ]\ O TO`[ W\ @]eO) JVS\ 7`b >][Sh eOa YWZZSR eVWZS aS`dWQW\U O Q`O\S W\ 

9OZWT]`\WO$a IO\ >]`U]\W] GOaa) JVS aO[S gSO` A)7) ;]cQSbbS eOa Q`caVSR b] RSObV eVWZS 
c\Z]ORW\U O Q]\bOW\S` ]T bcPcZO` b]eS`a W\ bVS 7ZbO[]\b GOaa) 

JVS aW[^ZS [SRWQOZ RSaQ`W^bW]\ ]T A]V\ ;]\\SZZg$a RSObV T]c\R W\ bVS TWZSa ]T VWa Q][^O\g$a 

W\ac`S` TOWZa b] RSaQ`WPS bVS V]``]` ]T VWa TObS) ;SObV Pg "[cZbW^ZS O[^cbObW]\a" aO\WbWhSa O b`cZg 
U`WaZg OQQWRS\b W\ +323' O \WUVb[O`S eWb\SaaSR Pg VWa Q]e]`YS`' eV] eObQVSR VSZ^ZSaaZg Oa 
;]\\SZZSg eOa R`Oe\ W\Sf]`OPZg W\b] bVS \OQSZZS$a aZ]eZg a^W\\W\U [OQVW\S`g) MVOb [ORS 

;]\\SZZSg$a OQQWRS\b SdS\ []`S bS``WTgW\U T]` eW\Ra[WbVa SdS`geVS`S eOa Wba QOcaS4 ;]\\SZZg$a 
ZO\gO`R' O RSdWQS RSaWU\SR b] ^`SdS\b TOZZa' PSQO[S S\bO\UZSR ]\ bVS `Sd]ZdW\U [OW\ aVOTb O\R 

R`OUUSR VW[ b] VWa RSObV) 

E]b Z]\U OTbS` ;]\\SZZg$a OQQWRS\b \SO` GOZ[ I^`W\Ua' ;cbQV V][S]e\S` ;W`Y ?]hS[O\ eOa YWZZSR 
W\ O ZWYS [O\\S`) 7UOW\ab ^`]TSaaW]\OZ ORdWQS' VS QZW[PSR b] bVS \OQSZZS ]T VWa G]ZS\Y] bc`PW\S W\ O 

dOW\ ObbS[^b b] ab]^ bVS `c\OeOg `]b]` T`][ RSab`]gW\U WbaSZT W\ O dW]ZS\b eW\bS` ab]`[) J`OUWQOZZg' 
bVS bc`PW\S VOR PSS\ W\]^S`ObWdS T]` be] gSO`a O\R VOR Xcab `SQS\bZg PSS\ `Sbc`\SR b] aS`dWQS) 

7TbS` a_cSShW\U W\b] bVS a[OZZ \OQSZZS' ?]hS[O\' ZWYS ;]\\SZZg' PSQO[S a\OUUSR ]\ O bc`\W\U 
aVOTb) HSaQcS Q`Sea `Sb`WSdSR VWa P]Rg bVS \Sfb ROg' OTbS` bVS eW\R acPaWRSR) 

7Za] W\ +323 be] [S\ eS`S YWZZSR W\ O aW\UZS OQQWRS\b ]\ bVS ;O\WaV WaZO\R ]T C]ZZO\R) JV`SS [S\ 

eS`S aca^S\RSR T`][ O Q`O\S W\ O POaYSb eVS\ bVS `]b]` bVSg eS`S aS`dWQW\U c\Sf^SQbSRZg PSUO\ 
b] []dS) Je]' CSWT JV][aS\ O\R BOW LORab`c^' eS`S bV`]e\ b] bVS U`]c\R) JVS bVW`R [O\ 
RO\UZSR T`][ VWa ZO\gO`R -* [SbS`a %+** TSSb& OP]dS U`]c\R c\bWZ `SaQcSR) JVS\ W\ +33+' JV][Oa 

IeO\' O Q`O\S ]^S`Ob]`' eOa SZSQb`]QcbSR \SO` JSVOQVO^W eVS\ bVS P]][ ]\ VWa Q`O\S a\O`SR O 
00'***(d]Zb ^]eS` ZW\S) 

HWQVO`R NOeZ]QYW TSZZ b] VWa RSObV W\ +33, eVWZS RSaQS\RW\U O b]eS` \SO` GOZ[ I^`W\Ua) 

H]PS`b IYO`aYW RWSR W\ +33- eVWZS W\abOZZW\U O a[OZZ eW\R bc`PW\S Ob VWa @ZZW\]Wa V][S) ?S eOa YWZZSR 
eVS\ bVS b]eS` VS eOa ]\ PcQYZSR O\R TSZZ b] bVS U`]c\R) 

DO`Y %<RRWS& BSbbS`ZW\U eOa \SO`Zg Qcb W\ VOZT Pg O QVc\Y ]T WQS Y\]QYSR ]TT bVS W\bS`W]` ]T O 

bcPcZO` b]eS` W\ DW\\Sa]bO W\ +33.) 

JVS\ bVS aS`WSa ]T RSORZg OQQWRS\ba Q]\bW\cSR W\ +331) 9`O\S ]^S`Ob]` HO\Rg 9`c[`W\S eOa 
Q`caVSR eVS\ VWa Q`O\S Q]ZZO^aSR W\ IWPZSg' @]eO) @dO\ I``S\aS\ TSZZ b] VWa RSObV \SO` CS[dWU ]\ 
;S\[O`Y$a AcbZO\R ^S\W\acZO eVWZS `S[]dW\U O eW\R bc`PW\S T`][ Wba b]eS`) 7\R 8S`\VO`R IOfS\ 

eOa Q`caVSR W\aWRS bVS \OQSZZS ]T O eW\R bc`PW\S eVS\ Wb TZSe ]TT bVS b]^ ]T Wba b]eS` Ob bVS BOWaS`(
MWZVSZ[(B]]U bSab QS\bS` W\ >S`[O\g) 

@\ O PWhO``S gSO` ,*** OQQWRS\b' O g]c\U ^O`OQVcbWab Q`OaVSR W\b] O eW\R bc`PW\S ]\ bVS >S`[O\ 

WaZO\R ]T =SV`[O`\) 

=OZZW\U T`][ bVS b]eS` Wa bVS aW\UZS []ab O^^O`S\b ]QQc^ObW]\OZ VOhO`R ]T e]`YW\U eWbV eW\R 
S\S`Ug) @\Rcab`g ^`OQbWQS O\R eVOb a][S e]cZR O`UcS b] PS Q][[]\ aS\aS acUUSab bVOb 

DQ9O`b\Sg' DSV`YO[' O\R NOeZ]QYW OZZ [ORS bVS aO[S TObOZ [WabOYS4 bVSg RWR \]b caS O\g T]`[ 
]T TOZZ ^`]bSQbW]\) ) ) #*=? ;=?5 =< A78@ A=>83 @55 ;FJA 5KRBN( 7BJBR>?HB ,JBNDT CKN /KIB& ->NI& >JA 

)QOFJBOO'$
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+*, JXU Q]_e^d _V ]UWQgQddc Y^ dXU VYbcd \QbWU S_]]UbSYQ\ _VVcX_bU `b_ZUSd _edcYTU _V 
;eb_`U l dXU IXQ^WXQY 9_^WXQY 7bYTWU _VVcX_bU `b_ZUSd)

23 JXU $ cXQbU _V ;K SYdYjU^c gX_ QbU Y^ VQf_eb _V gY^T `_gUb' QSS_bTY^W d_ Q ,*++ 
`_\\)

, 6 +* CM gY^T VQb] SQ^ UQcY\i RU ReY\d Y^ dg_ ]_^dXc) 6 \QbWUb /* CM gY^T VQb] SQ^ 
RU ReY\d Y^ cYh ]_^dXc) JXU 7edU^TYU[ ,22 CM _VVcX_bU gY^T VQb] gYdX 2* debRY^Uc Y^ 
dXU D_bdX IUQ gQc ReY\d Y^ Zecd +0 ]_^dXc Q^T ^_g ce``\YUc S\UQ^ `_gUb d_ -1*'*** 
X_ecUX_\Tc) 

/,*'*** JXU ^e]RUb _V `U_`\U Uh`USdUT d_ RU U]`\_iUT Ri dXU gY^T Y^Tecdbi Y^ dXU ;K Ri 
,*,*) 

,'*+. JXU ^e]RUb _V ]UWQgQddc _V gY^T `_gUb Y^cdQ\\UT Y^ 7bQjY\ Y^ ,*+0) 7bQjY\ XQc 
RUS_]U Q \UQTUb Y^ dXU I_edX 6]UbYSQ^ gY^T U^UbWi ]Qb[Ud' bUQSXY^W Q d_dQ\ _V 
]_bU dXQ^ +*)1.=M)

0)0 JXU ^e]RUb _V =M Y^cdQ\\UT Y^ NY^ @YQ^W Fb_fY^SU Y^ 8XY^Q Qd dXU U^T _V ,*+/' 
]Q[Y^W Yd dXU cUS_^T `b_fY^SU QVdUb ?^^Ub C_^W_\YQ d_ `Qcc dXU +* =M ]Y\Ucd_^U) 
EdXUb `b_fY^SUc QY]Y^W d_ bUQSX Qd \UQcd +* =M Y^S\eTU =Q^ce Q^T >U7UY)

+1 MY^T `_gUb VQb]c WU^UbQdU RUdgUU^ +1 Q^T -3 dY]Uc Qc ]eSX `_gUb Qc dXUi 
S_^ce]U' S_]`QbUT d_ +0 dY]Uc V_b ^eS\UQb `\Q^dc Q^T ++ dY]Uc V_b S_Q\ `\Q^dc)

,3 6]_e^d _V S_e^dbYUc XQfY^W ]_bU dXQ^ +'*** CM _V gY^T `_gUb Y^cdQ\\UT QSb_cc dXU 
g_b\T5 3 S_e^dbYUc XQfU Y^cdQ\\UT ]_bU dXQ^ +*'*** CM) 

+*1), 6]_e^d Y^ #RY\\Y_^ Y^fUcdUT Y^ gY^T `_gUb W\_RQ\\i Y^ ,*+1 %c_ebSU4 7D;<&' ]Q[Y^W Yd 
_^U _V dXU VQcdUcd Wb_gY^W Y^TecdbYQ\ cUW]U^dc Y^ dXU g_b\T %c_ebSU 7D;<&)

-21 JXU Q]_e^d _V ]Y\\Y_^ SeRYS ]UdUbc _V gQdUb ecU Qf_YTUT Ri gY^T U^UbWi Y^ dXU ;K' 
UaeYfQ\U^d d_ dXU QfUbQWU Q^^eQ\ X_ecUX_\T gQdUb ecU _V ^UQb\i 1 ]Y\\Y_^ ;K SYdYjU^c 
%c_ebSU4 ;M;6&) 

,'*** JXU Q]_e^d _V gQdUb Y^ \YdUbc dXQd gY^T `_gUb SQ^ cQfU `Ub CMX QWQY^cd _dXUb 
U^UbWi c_ebSUc %c_ebSU4 KI 9U`Qbd]U^d _V ;^UbWi&)

k =\_RQ\ MY^T ;^UbWi 8_e^SY\ ( =M;8 ( 9YcS\QY]Ub ( >_]U ( 8_^dQSd ec ( 6R_ed =gUS
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