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Date: September 11, 2012

Mr. Robert Clough -

Panel Claw

1600 Osgood Street, Bidg 20, Ste 2-23
North Andover, MA 01845

RE: Evaluation of Panel Claw system

Project Name: Madonna Road
CTS Job No.: 12-242-306

Per the request of Robert Clough at Panel Claw, CTS was asked to review the
Panel Claw system and its resistance to wind and seismic loads.

Wind Evaluation:

Panel Claw provided CTS with wind tunnel testing performed by I.F.| (institute for
Industrial Aerodynamics) at the Aachen University of Applied Science (reference
pgs). The system tested was the "Polar Bear Gen il 10deg” system. This system
consists of photovoltaic panels installed at a 10 degree tit onto support
assemblies. The support assemblies consist of a support frame for the PV
panels, wind deflectors and areas for additional mass/weight as required for the
ballast loads.

The wind tunnel testing was performed per Method 3 in Chapter 6 of ASCE 7-05.
The parameters of the testing were a flat roof system in both Exposure B and C
on a building with and without parapets. The testing resulted in pressure and/or
force coefficients that were applied to the velocity pressure ¢ in order to obtain
the wind loads on the PV system (reference pgs 1.0 — 1.3). From the wind load
results it is then possible to calculate the ballast loads required to resist the uplift
and sliding forces. CTS agrees with the methodologies used to develop the
required ballast loads for the “Polar Bear Gen I 10 deg” system per the wind
tunne! testing results.

Panel Claw also provided CTS with the excel tool that was developed to express
the equations used to obtain the ballast loads on roofs (reference pgs 3.0). CTS
has reviewed this tool and the required baliast loads to find that the loads
provided are not within the values required. Therefore, Panel Claw calculated the
amount of mechanical attachments that would be required to resist the wind force
that is not accommodated by the applied ballast foads (reference pg 4.0 - 4.1).

Seismic Evaluation:

CTS was asked to review the Panel Claw system to determine attachments
required to resist seismic loading of the ballasted solar support system on the
roof of the existing building. Please note the following support:

e The ballasted solar support system has a certain capacity to resist wind
loads. If additional attachments are required, the attachments can be
used for seismic and wind. There are no load combinations in the code
that required the application of seismic and wind forces together.

o The building parapets provide a physical barrier that will prevent the
system from sliding off the roof and becoming a life safety issue.



As this is not a life safety issue we have calculated the required attachments.
Utilizing CBC Load Combination 16-15 we have reduced the 0.6 Dead Load
value further, by subtracting the vertical component of the seismic forces (0.7E).

Panel Claw has provided a calculation for the number of mechanical attachments
that are required to resist any seismic forces that are applied to the system
(reference pg 4.0 ~ 4.111). The total number of mechanical attachments is
dependant on the capacity of each attachment (reference pg A1 — A10). The
attachment provided is the Eco-Fasten - Universal Roof Attachment System.

Each base plate of this system attaches through to the roof deck using 8 # 14
CARUSO SCrews.

TURLEY
SCOTT Therefore, it has been determined that the system that has been provided by
consulting Panel Claw is sufficient to resist both wind and seismic loads at Madonna Road.
structural
engineers Please contact CTS with any questions regarding this letter or attachments.
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Wind tunnel tests were conducted on the PV flat roof system ,Polar Bear Gen Il
10deg” of Panel Claw Inc. in accordance with chapter 6.6 of ASCE/SEl 7-05, The
tests were performed at LF.l. institut fur Industrieaerodynamik GmbH (Institute for
Industrial Aerodynamics), Institute at the Aachen University of Applied Sciences. The
system consists of PV-modules angled at 10°, which are fixed on support
assemblies. The support assemblies create a rigid connection of the PV solar module
and the wind, deflector of two rows behind one another. The rear side of a row of
panels is fully covered by a wind shield, see Fig. 1.1. Fig. 1.2 shows a wind tunnel
model,

Testing was carried out with surface roughnesses in the approach section of the
boundary layer wind tunnel equivalent to open country (Exposure C according to
ASCE/SEl 7-05) and suburban terrain {Exposure B). Pressure and/or force
coefficients were derived from the measurements. These coefficients may be
multiplied by the design velocity pressure d., determined depending on the wind
zone, the exposure category and the building height in accordance with the American
standard ASCE/SE| 7-05 to determine the wind loads on the PV system. From these
results it is possible to calculate the necessary ballast for uplift and sliding safety -
sliding of PV elements occurs if the aerodynamic lift has decreased the down force
due to deadweight sufficiently so that the drag forces are larger than the frictional
forces - on flat roofs with pitch angles up to 7°.

For the present analysis, 1.F.l, created a calculation toof in Exce! which can be used
not only for further programming or the dimensioning in a project, but aiso for
purposes of documenting the ballast calculation. The tool presents a summary of the
values calculated on the safe side from the tests for all wind directions and the roof
zones 1, 2 and 3. In addition, it contains correction formulae taking into account the
positive effect of a parapet on the wind loads in the edge and cormer regions. The
correction coefficient Is calculated from the resuits of the wind tunnel tests.

The results are given as quasi-static characteristic values. As stated in ASCE/SEI 7-
05 where local load coefficients for an area of 1 m? to 100 m? are given, the force
coefficients do not apply to modules placed individually, but only to arrays with at
least 10 m? module’s surface where at least two rows are statically joint to one
another. This is important as the simultaneity of smaller turbulences on the analysed

Report No.: PCM02-2
Wind loads on the photovoltalc roofing system
»Polar Bear Gen Il 10deg” of Panel Claw Inc.
Determining the characteristic values for uplift and sliding according to the American Standard
ASCE/SE| 7-05
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field of 10 m? has to be excluded and only bigger turbulence effects have to be taken
into consideration. Thus, smaller arrays may have to carry more ballast depending on
their situation on the roof.

Bild1,4:  PV-system "Polar Bear ll 10deg” for flat roofs

Bild 1.2:  Wind tunnel model of the PV-system "Potar Bear il 10deg” with covered edge zones and
with parapet; suburban terrain exposure

Report No.: PCM02-2
Wind loads on the photovoltaic roofing system
nPolar Bear Gen Il 10deg” of Pane! Claw Inc.
Datermining the characteristic values for uplift and sliding according to the American Standard
ASCE/SE| 7-05
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The resulis were determined for a set-up where the rows were aligned from east to
west. However, the results are applicable for any row alignment with the points of the
compass. As wind tunnel testing was carried out for a low-rise building with height of
30 ft (9.1 m} in a single exposure site as permitted in ASCE/SEI 7-05 section 6.6, the
given force coefficients are only valid for PV systems installed on buildings lower
than 80 ft (18.3 m).

The coefficients extracted from the wind tunnel tests may also be used in accordance
with the information given in ASCE/SEI 7-05. The values show that the system in
question needs very little ballasting in the centre of a field. The sliding and uplift loads
exerted by the wind on the modules are very small due to the arrangement in rows.
Higher loads were only observed in comers and in exposed edges of the field, and
these have {o be taken into account. On the basis of the measurements carried out,
this may be done directly by increasing the ballast locally on the edge or corner
elements as well as — in the arrangement of rows and space between the rows — by
distributing the loads under consideration of areas less submitted to them and the
dead load of the modules. However, in the latter case, higher structural demands are
required for the load transfer by the supporting assemblies since, theoretically, a
suspended corner module has to be held in place by the adjacent modules,

As stated in the ASCE/SEI 7-05 section C8.5.2, for some projects with irregular or
unusual site locations or buildings or structures differing from the provisions given
under ASCE/SE| 7-05 section 6.5.2, a wind englneer must be consulted to evaluate
the upwind situation and the applicability of the wind tunnel results. For example
unusual building shapes, neighboring tall buildings and irregular {opographic
features such as mountain gorges require a statement of a wind expert,

The analysis of the maximum loads in the different roof zones for the inclination
angle of 10° resulted in a maximum lift coefficient of ¢z = 0.09 in the inner area of
the roof and c = 0.12 in the corner zone of the roof, these results being based on
the module’s surface area. At the same time, sliding forces appear, their coefficients
reaching ¢y = 0.07 in the centre of the field and ciy = 0,13 in the corner zones.

Details of the tests and of the analysis can be found in the long version of the report
PCMO02-1.

Report No.: PCM02-2
Wind loads on the photovoltalc roofing system
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Rooftop Ballast Map in Unit Blocks

Weight of (1) Ballast 13.4 los Ballast Per Additional Column 6  unils 804 lbs Tot. # of Cols: 20 DimA 6643 inch Ballast Load 069 psf Total Ballast \Weight 69248 Ibs
Zero Ballast Threshold 1 los Ballast Per Additional Row 22 unils 2948 Ibs Tol. # of Rows: 20 DimB 55.15 inch __Deadload 303 psf Total Dead Load Weight 30797.12  Ilbs
Total Ballast Required 1791 Ibs Edge Zone Columns: 0 Rep. Area (A'B) 25.4418 sf | Tofal Platform Load 3.71 psf | Total Platform Weight 37791.92  Ibs
Total Ballast Calculated 2439 Ibs Edge Zone Rows: [1] Total Area Array 10176.7 sf
Over Ballast Amount 648 Ibs
] (07 [ e 0w o (| | | ] [0 ] [0] o
= Req: 000 los Req: 000 lbs Req: 000 Ibs Req: 0.00 lbs Req: 0.00 fos Req: 000 ibs ' Req: 0.00 los Req: 000 Ibs Req: 000 lbs Req: 0.00 Ibs Req: 000 Ibs 2
Used: 0.00 Ibs Used: 000 Ios Used: 000 Ibs Used: 0.00 Ibs Used: 000 Ibs | Used: 000 lbs iUsad 0.00 los Used: 000 Ios Used: 000 los Used: 000 Ibs Used: 0.00 Ibs
2y Over 000 los Over 000 Ibs Over. 000 Ibs Over: 000 fos Over 000 Tos Over: 000 s B _Over. 000 lbs Over. 000 los Over:  0.00 los Over: 000 lbs Over: 000 ibs
[ 0 ] 2 HE 4| ; [ 1] 1 | [ 1| [ 0] 14
Req 000 Ibs F = = 2 3 Reg 000 Ibs
s R EaE R [ [ -
Over 000 les S Cve - g : - Over: 0.00 bs
(2] ] [ Z] o] =
Req: 000 Ibs & i ¢ 2 - Req: 000 lbs
Vse 000 s . v 03 . B e oo
Over. 000 lbs L R : Qver.  0.00 Ibs
I— T S 1 =
Req: 000 lbs ! 3 : Reg: 000 Ibs
Used: 000 Tos : 3. 3 . i 3 Used: 000 lbs
Overr. 000 Ibs G¥ s o ¢ Over 000 fbs
ek =< B T L e | A : =] =
| Reqt 000 Ibs q & B . 18 12 : Reqx 000 s | |
Used: 0.00 lbs \ 1 Used: 000 fos |
___ Over 000 s e ; : : Over 000 s
Req: 000 Ibs REQ < ; Req: 000 Ios
Used 000 Ibs S 5 2 . Use« ¥ : Used 0.00 lbs
Over 000 Ibs Ove: 2 3 4 : Over  0.00 Ibs
I - . ] =
Req. 000 los ea T { 2 5 Reqt 000 ibs
Used: 000 los Ised 0.2 . S i : Used: 000 ibs
Over 000 Ibs 3 9 : 5 Over. 0.00 Ibs
Reqr 000 los £ : & ! { Req 000 los
Used 000 les S jaed 5 8¢ Used 000 fos
Over  0.00 los G i 3l : Over Ot Qver. 000 lbs
[ 0 | [ 1 | 2] [ 1] | I = [ 2 | 0] 118
RE Req. 0.00 los Req: 000 Ibs Req: 000 los Req: 000 los Req. 000 bs: | l Req 000 Ibs '“T Req: 000 Ibs Req: 000 lbs Req: 000 Ibs Req. 000 Ios Req: 000 los
Used: 0.00 lbs Used: 000 lbs Used: 000 lbs Used: 000 los Used 000 Ibs Used: 000 Ibs Used: 000 Ibs Used: 000 Ibs Used: 000 Ibs Used: 000 lbs Used: 000 fos
Over: 0.00 Ibs Qver 000 los QOver. 000 Tos Over. 0.00 Ios Over: 000 los _Over: 000 ibs _Over. 000 Ibs Over 000 Ibs Over: 000 Ibs. Over: 000 lbs Over 000 lbs
o] o] | | (| (e (| o] o] o
I Repeatable Column
Total Ballast 182

3.0



DO NOT OWERA DE ANY CALCULATED FELDS

[ EVERIDAY ENERGT
Froject Nema MADGNNA BOAD s 1516 Fa Bach, Attach. Vertical Strength () 3
Froject Address [Giry.State) 1550 MADO! T#CODE l s1 0sss Fe 150 Nesch Attach. literal Strergeh ) €23
S ENTER FAOIECT SPECHIC NOTES BELOW THAT MAY/KLAY NOT EEON
THE ARAY INTAE FORM
~ ’ - ROW SPACNG/SHADE REVISION M
FRODUCT TAT ANGLE MEATERIAL SUFFORT OPTIONS Sleltnindains :
> Using 13.48 # blacks. Ba2al6. Ho'f the siz= of a pormal OU black.
IFi 4 | = Reguest Type
= e I3 ks -
Is=d
I:
{ FI&
Total Kumber of Aays | 55 COFY NANSHG CONVENTION EELOW TO FILE NAME
Parailsw_FolarBearl0_Drawing_EVERTDAY ENERGT_MADONNA ROAD_Pev2 INT
SHE IRFORMATION
WIND SFEED (MFH) 85
EXPOSURE CATEGOAT i - CACULATID |
SESNIC DESIGN CATEGOAY o |
OCCUPANCY CATEGORY
GROUND SNOW LOAD (FSF) 0
ELILDNG INFORMATION
FOOQF HEGHT x Viidth of tha butding (NS) (fe=t) : 120
ROOFTFE Lergth of the buitdng (EW) =) ¢ 123
FOOF TLT 0 Parapst Haight (fest)
NOTE: MOTAFY | DUAL AFFAY DETAAS IN "ACAD TASLES' TAR
FROJECT SUNMART TEGOULE SFECITC P OSMATION
= » . RAODULE WOTH (mat = MODULE LENGTH [=eters] H Nt
paRT TIRE/RAATE DESCRPTION/WATT WEGHT (LB5) ary Claws Far Madile MaxBswstie tosd (pa) | COVENIDWHD/SNOWLOLD UL AFFROVED MODULE - e kil Approved N'h-»"r(ef-u !)t'-:n e
Stprdard Olaw [COM=0 #5 OF 2.4) v
Caloudated Fis'd
MODULE 3 ’ s 43 B55 4 .ol 1082 ¥ £5.43 $515 053 165
CLAW SN ASSY, CLAW-STANDAFD, ALURENUSY as 3420 AMLENED LOAD CANNOT ERCEED THE MAK ALLOW ASLE LOAD. IF 5O CETERMNE BEST POSSELE SOLUTION. (SFEAN WITH SALES)
[WORTH] SUFFORT S0E2 SUFFORT, G4 ST, 30455, FOLAR EEAR GEN 11 10 D& 1348 1082
(" DOLE) SUFFORT [ o [
SOUTH SUFFORT LY, SUFFOAT, SOUTH, G951, POLAR/GRZLY, 1275 )
GEFLECTOR ECTOR, G50 5T, 637, FOLAR/GSZZLY BEAR GEN 1 10 1122 855
NECHANCAL ATTACHMENT : AN CAL ATTACHMENT, 6°L x 6°W x 6"HWITH 3" L] 355 123
END FLATE 2000183 (ATE, G20 STEEL, POLAR EEAR / GRIZALY EEAR GEN I [XE) 208
XEIACE /A N/A o [
Chr BLOCK 1 Ocly Grizzly Bear Layoct, Put "0° o5 tha MU Bk weight => 134 777
5/10 DEGREE COUNTS TABLE
T = S AA COUNT
Arrag § Erd Plstes OfGrizdy 1 2 3 4 5 TOTAL NOATH SUFFORTS ] 1 2 TOTAL SOUTH SUFFORTS o AREA ARTAYWT () (232
1 4 2 1 1 2 o 2 6 ‘o 2 1 3 15 122 83 S8427 a6
2 4 2 1 1 2 o 2 & o 2 1 3 15 12223 8827 476
3 13 5 3 s 5 3 2 o) ) 2 ) 3 33 S0333 20135 40z
4 E 7 ) 3 3 4 3 a ) 2 9 11 €5 53923 32471 355
5 15 s 1 4 5 2 2 n o 2 E) 5 3% 42297 174852 407
& 3 2 3 2 3 o 2 10 0 2 3 5 22 2325 100221 431
7 3 3 3 2 3 [ 2 10 [ 2 3 5 22 23255 100253 431
[ ) s 9 3 3 [l 2 2 0 2 7 ) 3 56578 231035 [
5 12 ) 7 2 3 1 2 13 ) 2 3 s 31 3315 151003 [T
19 22 4 13 7 5 2 2 35 0 [ 7 1 4 BT 14 327161 372
1 1] 1 7 2 5 1 2 18 0 3 2 s ) 3916 155563 [T
12 7 3 2 2 3 1 2 ) ° 3 1 4+ 2 21013 33443 (X
13 7 3 2 2 3 1 2 10 o 3 1 4 22 20333 23443 445
14 15 5 7 4 $ 2 2 22 o 2 3 S 34 42307 174452 407
15 15 5 7 4 5 2 2 20 o 2 3 5 34 4317 174452 405
15 13 5 5 (3 1 1 2 16 o 3 3 6 25 76 145187 355
17 17 5 ] L3 3 1 2 21 o 3 3 & 3 47775 183355 324
18 12 4 5 2 6 1 2 16 o 4 1 5 3 jtiz3 143391 411
13 14 4 7 2 5 2 2 18 o 4 1 5 3 33151 157563 402
2 1 3 3 3 5 2 z 15 ) 3 2 s 32 3114 135345 a3s
Py 3 12 14 5 17 S 2 43 o 5 2 7 €3 £3714 357053 4063
22 14 5 B 3 7 1 2 13 ) 3 2 B 33 20164 165545 410
[} 7 4 2 2 4 1 2 1 ) 3 ) 3 n 21153 24131 445
2 13 N 3 5 3 2 2 17 o z 3 s 30 37165 152197 [
s 13 4 & 4 3 2 2 17 o z 3 s 32 37203 152197 4m
% 13 s 3 4 3 2 2 17 o z 3 s 32 3721 152197 [
27 13 4 3 1 3 2 2 17 o 7 3 5 ) 37213 152157 403
25 17 B 7 s B 3 2 2 0 7 0 7 37 7.7 155354 402
2 17 B ) 1 B 2 3 2 ) s 1 & 35 23355 133585 400
33 14 4 7 2 5 2 z 18 o 3 1 3 3 33151 153563 402
31 10 4 3 2 4 2 3 18 o 3 1 s 3t 75516 131855 [
32 7 3 2 1 4 1 2 10 o 3 1 3 23 2311 si7.43 [¥3)
33 13 4 & 4 3 2 2 17 o 2 3 S 30 37155 152197 403
34 13 4 3 1 3 2 2 17 0 2 3 s 3 37203 152197 [
3% 16 4 3 2 7 ° 2 2 o 2 3 s 5] FITET) 174555 353
35 12 4 5 2 5 o 2 15 o 2 3 s % 35015 137427 [
31 i1 s 7 [ B [ 2 13 0 5 o s 25 33152 152963 3385
33 11 4 7 1 ] 1 2 18 0 B o s 5 33755 1543.03 3:8
33 15 s 8 2 3 0 2 18 o 2 4 [ 3 12062 165473 355
e 13 -7 [ 3 4 1 2 15 o 2 4 L] 3 L NE] 1515.47 410
41 14 4 7 3 s 1 2 13 o 2 3 5 Eol 33733 153563 402
42 12 4 5 3 5 1 2 16 o 2 3 5 E2) 3455 184731 218
43 i 3 2 3 2 1 2 10 o 2 2 4 22 2957 93443 445
[ 7 3 ] 3 2 1 2 10 o 2 2 [ 2 2895 93843 aar
45 12 4 s 2 s 2 2 16 0 3 2 s 31 3156 145071 421
45 3% 4 2 3 5 2 3 ) 0 4 7 11 51 25073 350051 357
a7 12 4 B 2 6 1 2 15 ) 3 2 s e} 37047 144731 391
48 12 ] 3 2 B 0 2 15 ) 2 3 s [ 38045 137427 [
43 12 [ 3 2 5 o 2 15 o 2 3 s % 3052 137427 401
5 12 4 3 2 5 0 2 15 0 2 3 5 25 3852 137827 a0t
51 19 4 4 3 1 1 2 14 0 2 2 [ F3 B163 123168 in
52 5 4 15 ] & 2 ] 2 o 2 3 3 42 63307 251694 350
53 5 4 15 4 3 2 2 25 0 2 3 3 42 £53.07 251654 350
54 13 4 7 3 s i 2 18 o 2 3 s 39 33733 155563 102
55 7 2 0 ) ) o 6 £ 10 0 o 10 62 131731 €51222 30
55 12 5 4 2 7 a 2 15 Qo 2 1 ¥ 25 233183 3123352 421
TOTALS ] £55 | 44 I &4 I 220 I 255 | I | [ I [ | 120 | 1082 | 10 | 150 ] 163 | 0 | 379 | 1777 | 2423501 [ 5:472.23 [ 3520s35]




AECH ATTACH. BEQHISED FOR SESAt PATIO
" At v, Vadarce ol MAs o S
P::J;, {‘:;” AR Block Wi (] ed U wt.| FEQUAED MAS “";;‘::J:E{o WITH FRACTION Fatia Chack (MtustbeOce | %ol Overeatast m:‘;:,‘]‘:c‘j“! :::’ il
(=) Hgher}
1583 201 17 1 1 1 225 Too High! 1 5%
1223 201 EY] 1 1 1 225 Toa Hzht 1 5%
) S5 317 1 2 1 151 ox o 35%
15213 871 650 1 3 [ 150 [ [ 3%
T 4555 215 1 1 3 157 ox 1 355
3712 2318 I3 1 1 1 153 0% 1 BT
338 peis ) 31 1 1 1 123 o5 1 -10%
5328 6164 215 1 2 1 185 ox o 2%
625 4154 211 1 1 1 1E4 ox 1 ET
1133 6565 478 1 2 1 147 oK 0 424
£335 £22 182 1 1 1 1E4 o5 1 -31%
53 2348 -5 1 1 1 200 oK 1 %
733 2343 5 1 1 1 200 ox 1 P
€16 4556 170 1 1 1 167 o< 1 ind
€26 4556 170 1 1 1 167 ox 1 2%
227 3184 114 1 1 1 1£3 o5 1 -25%
6233 o 223 1 i 1 153 ox 1 -35%
i 3136 110 1 1 1 175 ox 1 2%
€235 42 182 1 1 1 164 ox 1 ET
5555 4218 167 1 1 1 122 o 1 -25%
13905 s215 455 1 2 1 151 o 0
359 4422 154 1 1 1 171 o< 1
2548 -3 1 1 1 200 oK 1
&2 133 1 1 1 163 oK 1
&2 133 1 1 1 153 oK 1
82 133 1 1 1 153 oK 1
&2 133 1 1 1 163 og 1
4558 133 1 2 1 171 ox o
4124 143 1 2 1 165 oK 1
201 182 1 1 1 1E8 ox 1
4154 2 1 1 1 190 [ 2
3032 18 1 1 1 200 oK 1
[E 133 1 1 i 163 ox 1
133 1 1 1 163 ox 1
265 1 1 1 155 ox 1
150 1 1 1 157 ox 1
173 1 1 1 164 oK 1 -34%
145 1 1 1 164 ox 1 -25%
221 1 1 1 160 ox 1 -35%
135 1 1 1 163 0% 1 5%
182 1 1 1 164 oK 1 31%
97 1 1 1 175 o 1 -15%
5 1 1 1 200 [ 1 =3
s 1 1 1 200 ox 1 =3
£5 1 1 1 115 oK 1 -17%
S 1 1 1 142 oK 2 A%
133 1 1 1 175 ox 1 5%
150 1 1 i 167 oK 1 ~30%
150 1 1 1 167 o« 1 e
150 1 1 1 157 o< 1 305
(] 1 1 1 18 oK 1 -16%
£ 1 1 1 143 ox 1 4N
[T 1 1 1 143 [ 1 ET
182 1 1 1 161 o« 1 31%
5308 401 -1 1 1 125 ox s 53%
ETEY) 017 1 1 1 180 ok 2 &%
| 233118 I 13378 | 51 [ el | soviol | 127 | [ |
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