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ABSTRACT

Photovoltaic fystems Test Facilities (PV-STFs) are used to evaluate
complete photovoltaic systems, subsystems, and their interfaces. This report
presents a general description of PV-STFs presently operated under the U.S.
Department of Energy's National Photovoltaics Program, as well as descriptions
of a number of privately operated facilities reflecting current understanding
of those having test capabilities appropriate to PV hardware development. A
summary of specific, representative test capabilities at the system and
subsystem level is presented for each listed facility. This compilation
indicates the range of system and subsystem test capabilities presently
available to serve the needs of both the National Photovoltaics Program and
the private sector photovoltaics industry.

iii




A.
B.

c.

A.

Figure
2-10

Tables

3-2 .
3-3 .
3—40

3-5 .

PRECEDING PAGE BLANK NOT FILMED
CONTENTS

meUTIvE WY L] . . * Ld . L] . . L] . . L L] * L] . L] . . L] L] . . . L]

I L] Inmn UCTION L] . . . [ ] . . . . * L] . * . . L] L[] L] . . . * . L] L] .

Bmxckwm e 8 8 & & 8 8 & & 2 B e & ¢ & » s & ¢ 2 s 0 0+ 0

SCOPE e 8 & % & & & & ¢ 0 & * s 2 b s s 3 6 & & 2 s & 0+ o

DEF I N ITION s . . - . L] . L] L . L] . L] L] . L] . L] . * [ ] L] . L] L]

II. PHOTOVOLTAIC SYSTEMS TEST FACILITY DESCRIPTION . . « « ¢ + s o« &

CHARACTERISTICS OF THE PHOT/VCL.TAIC SYSTIMS TEST FACILITY .

PHOTOVOLTAIC SYSTEMS TEST FACILITY IMPLEMENTATION . . . . .

I1I. PHOTOVOLTAIC SYSTEMS TEST FACILITTES: EXISTING CAPABILITIES . .

Generalized Photovoltaic System « « « « « « ¢ ¢ ¢ o ¢ o ¢ &

Facility Information: U.S. DOE Photovoltaics
Program Centers o« « « « o+ o ¢ « o o o o o s s 0 s o o s o o

Photovoltaic Test Facilities: Private Laboratories . . . .

General Facility Information: U.S. DOE Photovoltaics
Ptogram centets . * . . . L] * . . . » . . . . L] L) L] L] * . *

General Facility Information: Private Laboratories . . . .
Systems Test Capabilities: Photovoltaics Program Centers .
(ollector Test Capabilities: Photovoltaics Program Centers

Power Conditioner Test Capabilities: Photovoltaics Program
centers . - . L] L . . . L d * L] . . L] . . L] L L] [ ] . . . L] L ] L]

Storage Test Capabilities: Photovoltaics Program Centers .
Collector Test Capabilities: Private Laboratories . . . .
Power Conditioner Test Capabilities: Private Laboratories

Storage Test Capabilities: Private Laboratories . . . . .

3-8

3-11
3-12
3-15
3-18




EXECUTIVE SUMMARY

To meet the objectives of the U.S. Department of Energy's National Photo-
voltaics Program, a number of evaluation, environmental, and performance tests
of photovoltaic systems, subsystems, and major system components will be
required during the next several years. This report is a description of test
facilities identified as currently available to support anticipated Program
system-level test activities. It also lists test capabilities at the sub-
system and major component levels where these activities directly support pro-
grammatic system test requirements. Many of these facilities are presently
available to support photovoltaics development activities within the private
sector.

Eleven test installations have been identified and surveyed to provide
data summarizing their test capabilities. Of the eleven queried, four are
Photovoltaics Program centers and seven are private testing laboratories.
Tables 1 and 2 present an overview of these facilities.

Several other test facilities were identified as having PV-related test
capabilities. These include the Florida Solar Energy Center, Hawaii Natural
Energy Institute, Southern Solar Energy Center, and the Southwest Research
Institute. These facilities have not been detailed in the present document,
either because their availability to the Program is uncertain, or their
emphasis is upon thermal technologies, "outside-the-fence" testing, or product
certification. The latter activities lie beyond the scope of the current
Photovoltaics Program.

The four Photovoltaics Program centers presently operate facilities with
system-level test capabilities. This means that complete photovoltaic
systems, consisting of array, power processing units, controls, and storage
where appropriate, can be installed and operated to permit evaluation of
system performance characteristics in a realistic environment. The Program
centers also operate facilities for testing separate subsystems. Taken
together, the system and subsystem level test results permit verification of
system and subsystem design, performance, and interface requirements, as well
as validation of performance models and design methodologies.

The private laboratories surveyed report test capabilities covering a
wide range of environmental and accelerated life testing appropriate to the
development requirements of photovoltaic subsystems and components. Although
none of these laboratories presently exhibit system-level test capability,
these facilities nevertheless represent a substantial resource available to
support important elements of the overall system development effort.

IThe Residential Experiment Stations (RES) currently operated as part of the
Photovoltaics Program have not been included in this compilation. The RESs
were established for the purpose of conducting operational experiments on a
set of prototype systems of fixed configurations. The System Test Facility
(STF) is designed to accept and test systems and subsystems in a manner which
permits frequent configuration changes. The two existing RESs may eventually
be adapted for more general use as STFs. Options presently under consider-

ation include their direct availability for use by private industry.
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SECTION 1
INTRODUCTION

A. BACKGROUND

In the development of new sources of energy for the United States,
assessment of the terrestrial photovoltaic (PV) option has been only recently
initiated. As in most new technology programs, early PV system development
efforts have relied extensively on modeling and simulation to assist in
designing operational systems prior to their deployment. Despite such
analyses, any newly-developed technology may experience unforeseen problenms,
particularly in the interactions between subsystems, and between the system
and the operating environment. To identify and address such problems prior to
actual system deployment, some form of testing and evaluation of full-scale
prototype systems under realistic operating conditions is essential.

In recognition of this need, an early step taken by the National
Photovoltaics Program was to initiate a planning activity whose purpose was to
ensure the availability of test facilities adequate to the requirements of the
Program. Participating in this activity were representatives of the principal
Program centers involved in photovoltaic technology development and testing.

One of the first steps taken in this planning process was to compile
information about PV systems test facilities hoth available for, and
appropriate to, the specific testing requirements of Program-sponsored system
development efforts. Included were facilities within the Photovoltaics
Program centers, as well as state-supported and private facilities. The first
STF Existing Capabilities Compilation, issued by the Jet Propulsion Laboratory
in August 1981, summarized the collected PV-STF information and addressed ihe
question of future Photovoltaics Program PV-STF requirements.

The present compilation has been updated to reflect recent substantial
revisions in the National Photovoltaics Prograwm structure and funding level.
The current Photovoltaics Program is based on (1) an allocation of resources
which will require the pursuit of considerably fewer technology options,

(2) technology transfer to the private sector at an earlier stage of the
development sequence, and (3) greater reliance on industry at all levels of
technical decision-making. Accordingly, it should be noted that many of the
facilities included in this revised compilation are currently available to the
PV industry at large, while continuing to serve those activities directly
supported by the Program.

B. SCOPE
The PV-STF characteristics summarized herein include the test

capabilities of primary interest in the development of nhotovoltaic systems
for all appplications areas: remote stand-alone, small roof-mounted,




medium-size, and large ground-mounted systems. Test capabilities are
characterized as follows:

(1) Facility capacity/rating: maximum power handling capability,
thermal capacity, storage capacity, etc.

(2) Test l.vel: total system, subsystem, or major system component.
(3) Capacity to test in grid-connected mode, stand-alone, or both.

(4) Specific measurement capability as to type and capacity, where ]
applicable.

This compilation lists severgl facilities whose primary capabilities are
in subsystem and component testing (environmental and accelerated life).
Although not strictly a part of system-level testing, subsystem and component
testing constitute important elements of Lhe overall system development
process. Additionally, most testing of established products is performed au
the subsystem and component levels. As more is learned about PV system-
subsystem interactions and how to better model and simulate those
interactions, testing at the subsystem and component levels is expected to
assume an increasingly important role relative to system-level testing.

C. DEFINITIONS
Terms used in this compilation are defined below:
(1) Photovoltaic Systems Test Facility (PV-STF): A facility that tests ;

and evaluates the performance of total PV systems, subsystems, and
their interfaces.

(2) Subsystem Test Facility: A facility that tests and evaluates the
performance of PV subsystems. Currently, there are three
subsystems: array, power processing, and energy storage.

(3) Component Test Facility: A facility that tests and evaluates the
performance of major PV system components, such as PV modules and
inverters, which are elements of subsystems. Component testing
includes environmental and accelerated-life testing.

(4) Environmental Testing: Testing that attempts to identify the
mechanisms of failure csused by extremes of loads induced by
environmental forces, either acting alone or in combination.

(5) Accelerated-Life Testing: Testing that attempts to accelerate !
long-term degradation effects and, in so doing, correlate that |
degradation with time.

(6) Program Center Test Facilities: Facilities that are divectly owned
or sponsored by the Federal Government and are a part of the
National Photovoltaics Program.

;%‘:
i




(7) Non-Programmatic Facilities: Test facilities that are either owned
and operated by a state or agency thereof or are privately owned.
These facilities are available to the Program on a contract basis
as required.
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SECTION Il

PHOTOVOLTAIC SYSTEMS TEST FACILITY DESCRIPTION

A. CHARACTERISTICS OF THE PHOTOVOLTAIC SYSTEMS TES1 FACILITY

For purposes of this document, the principal characteristic of the PV-STF
that distinguishes it from a typical full-scale system demonstration is that
the facility is adaptable to a variety of PV system configurations, rather
than dedicated to the evaluation of a single, specific design. ldeally, a
PV-STF will be able to test various combinations of PV modules and arrays,
including flat-plate or concentrator, PV and thermal, (whether side-by-side or
combined), and accommodate either stand-alone or grid-interactive system
designs. Additionally, the PV-STF should be capable of accepting config-
uration changes rapidly enough to permit practical retesting and evaluation.
This latter characteristic is termed "breadboarding."”

B. PHOTOVOLTAIC SYSTEMS TEST FACILITY IMPLEMENTATION
The following are key elements in the implementation of NMV-STFs:

(1) PV System Configuration: 1In its most general form, a photovoltaic
(or more properly, photovoltaic/thermal) system is configured as
shown in Figure 2-1. Both electrical and thermal s, stems are
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involved. 1t should be noted that current systems concepts for
most applications are considerably simpler than this genecal
configuration, involving only the electrical system elements.
Medium-size aystem concepts (coumercial and industrial
applications) presently exhibit the greatest diversity, due to the
peiential value of both electrical and thermal energy in this
sector, and the potential for either concentrator or flat-plate
designs. To support the development of a technology characterized
by a large variety of practical system forms and applications, it
is clearly of value for a PV-STF to be highly adaptable, allowing
quick reconfiguration of ita test bed tuv accommodate and test a
different system once testing of a previous system is complete.

(2, Test Procedures and Equipment: In the development and comparative
evaluation of multiple system concepts, commonality of test
equipment and procedures is essential. With several PV-STFs in
different climates testing a variety of photovoltaic systems,
uniformity of test methods is essential to ensure valid comparison
of results. The National Photovoltaics Program has supported the
development of such test methods with the cooperation of private
laboratories, industry, government, and public interest groups.
The results to date appear in Interim Performance Criteria for
Photovoltaic Energy Systems, a 'ocument published by the Solar
Energy Research Institute./ These resulte are expected to provide
a uniform basis for subsequent Jevelopment of industry-wide test
procedures and standards for evaluation of PV systems.

(3) Data Acquisition and Processing: Typical kinds of information
provided by a PV-STF include efficiency for various modes of
operation, initial reliability estimates, transient response
characteristics, assessment of system modeling and s.mulation,
assessment of control strategies, and stability evaluation. Timely
analysis and dissemination of the results of programmatic systems
testing and svaluation performed in PV-STFs are expected to enhance
the worth of these data.

2Interim Performance Criteria for Photovoltsic Energy 8 stems,
8!3171!-762-656, f. DeBlasio, et. al., December 195%. This document, issued
by the Solar Energy Research Institute, Golden, Colorado, for the U.S.
Department of Energy, presents interim results of efforts “to identify,
develop, and promulgate performance criteria and test methods for photo-
voltaic solar energy conversion systems."

2-2
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SECTION III

PHOTOVO'.TAIC SYSTEMS TEST FACILITIES: EXISTING CAPABILITIES

This section summarizes, in tabular form, the information collected on PV
system, subsystems, and major component testing facilities. Addressed are
general facility information as well as representative testing capabilities.
The information contained in the following tables is not intended as an
exhaustive description of the capabilities of each facility, nor does it pur-
port to indicate what tests are appropriate for particular system or subsystem
development activities. Rather, the included information is intended pri-
marily to illustrate the general range of capabilities provided by each
facility. Inquiries regarding more specific test capability or facility avail-
ability should be directed to the appropriate facility contact (see Tables 3-1
and 3-2).

The compiled information is contained in four sections, as follows:

(1) Summary Tables: Table 3-1 summarizes the information obtained for
the National Photovoltaics Program Centers. Locations, contacts,
application sector capabilities, maximum power handling capability
and, where available, initial and annual costs are shown.

Table 3-2 summarizes the capabilities of private laboratorias.

(2) System Tes:t Capabilities: Table 3-3 delineates the capabilities of
those facilities that have total system testing capacity. These
capabilities are broken down by major subsystem; i.e., array, power
conditioner, and storage.

(3) Subsystems Test Capabilities - Photovoltaics Program Centers:
Tables 3-4 through 3-6 present detailed descriptions of the test
capabilities of the Program field centers.

(4) Subsystems Test Capabilities - Private Laboratories: Tables 3-7
through 3-9 give a detailed description of the test capabilities of
the private laboratories surveyed.

RO E—

ER——



wsad

ERW N1

T ——

uoYIEIS [EBIJUI) - §)
23e1pawIauy - J

1®13U3pIsSay - y

dUOTYy puelg - 2j0W3Y - S¥e

utMIag f -y

ODTXIW M3N

satiojeaoqen

009 (9£61) 00¢ 061 SO ‘1 ‘¥ ‘sy Z110-%%8 (S13) ‘anbaanbnqry 1EUOT3IEN BIpUES
uewiog °3 °g

€L6L *IXD s33asnyoessep K103jva0qen

€9-0¢ (8L61) 062 01 1 ‘Y ‘sy ‘0065-29¢ (L19) ‘uo38urxan UTODUTIT/LIN
EOISER ‘M

€629-%6¢ (S1d) EERLEY,Y

0t Sy S629-€€y (912) O1YQ ‘pueraadid Yosieasay sima
jeap °r
19T6-LL1 (€12)

La1sieg °y L103e10QE"]

01 1 ‘Y ‘sy 0%%6-LLS (€127) etuiojiie) ‘euapeseg uotsindoig aar

A$ ‘isop (2eak) ¥ MY 1amog eUOTIEDT1ddY 3Idr3juO0j/auoyyg uotjed0] Loualy Buifeuey

1enuuy ‘3800 1e13TU] UM KT

$193u3) wei8o1d SOTEITOAOIOYd HOA °S°'N

fuorjeWIAOIUT

L3T11I084 TRIDUIY

“I-¢ 21qelL

3-2



‘.ﬂ‘

I

e

et S 1

M1 011 03 A3r1qeded peoy
£00 M% £Z 03 Butrisa) iduorlTpuod 1amod ‘Buijzsay paje
-1212208 apn|dul $3r131]iqeded Bui1lsal [eIuUsmMUOITAUY

Bui3say pur sisdipue y3noayj anBizej
pue 2anyiej A[1avmiad ¢(Luwdwod Buriynsuod BuriaasuiBus
18IN33n138 PUP 1BITUBYOSN ‘,m Q08 2215 KIT{108B4

81031921109 1emW1ayl jo juamdojaaap

03 SATIP[21 YI21E2831 IWOS °20BJI2JUT AJTI[1I3IN puw
Ind3no [¥OT1313912 JO [013u0d pue Bulydowil 03 B2TIRIAa
@duatiadxy ‘Z% 000°61 :9z1s L31y1dR]  3Tjoad-uoy

pauueid Yjuaaas B pup $3311s IJoWal XIS
*swa1sisqns pue ‘sjuauodmod ‘syetiajem d>1e3ljoaocjoyd
3o 8urisal L3r[iqeinp pue ‘A31]1qe1I]a1 ‘@adurmiojiad

snduny pue ‘3snp ‘pues ‘803
aies ‘L3rprmny ‘aanjeaadway 103 §3131110B3 Builsay
J13sWI]D 2pnIdul $313111qedrd Sutlsay [ejuewmwuoatALY

2z1s

pue satatfiqeded Builiva y3rm BIUIOJTTIBD UIIYINOS

Ul $231S 2A1J sey TLAV °2318 03 2318 Woaj Kaea
sa131]1qede) °*0) $IDTAIIS EOIUYDIL [BUOTIBN JO UOTS
-IATP ® 81 ILAV °232 ‘)yooys ‘uorieaqia ‘isnp ‘pues
¢£103va0qe] 3893 [eIudmWMUOITAUD 3sodand [eaduald y

U3SUdISTIYD PlABQ °IW
T19y-LE8 (S0OT)

K311M Yizes *ap
00%Z-9LS (£15)

Burjaaisjig safaey)y °ay
1661-8%% (S12)

ddny 338K IR
9GSEL-S9% (209)

Ys0y 1V IR
e1130Z Ai1aeH "aR

TTTT-LS9 (L19)

A12d PTIABQ *3KW
%66£-90€ (€17)
10 ‘utalsiapd 'V ‘aW
$865-€8L (L17)

L08SE
BWRQERY ‘S[11ASIUNy
IS3aM "1 $aA0U1IDA0H O08L

S1SS% OTYD ‘paOJTIN
2a11q uewisely 007

£0T61
vlueajdsuuad
‘erydiapel1yd
Aemixed pue yiQg

62058
BUOZT1Y ‘XTua0yd
a8e3s uocdue) oelq

0681 xog

$332SNYoRSSER
‘uojButmyiipm
323135 113M0T 10T

9L16
etuacjyiie) ‘outrduy
“PATE BANIUAA (0CLST

sa1103v3I0QE] O14M

(ougs) “daodp
yoaeasay sotmeuiq
1®ani1dna3s

(0¥d) 123u3)
yd>1easay uripuezg

*oug
‘satiojeaoqe] 13sd

sataojezoqe] Burisayl
1ejuamuocitAul QDAY

(113V)
sataojeioqe] 3Is3]
8utiaautBuly pasoaddy

7™ 002t :9z1s ocLto
A31110Bd  *2doudtiadxa (emaayl aejoS “‘sueid 1523 UTIADT [13ssny *aW s33asnydoe. W ‘uo3loy L103e10qQPR]
paptAacad-1owmo3snd Buisn pajeaauald aae saanpedoad 3sa] €£62-€9C (L19) 3921, TeW €E€S A312uj uo3loy
$ JUIURNOY) 31o'3U0) /3uoyd uo13e207] Auedwon

SatTao0jeaoqe] I3IeATld

:uoryeWIOIU] AITTIOERY [BI3U3YH

*T-¢ 2Iqel

3-3



—I-‘

.14

(S92 ‘1) s$3taojraoqe
‘4d 8°0 3 Bury00) _ ‘4 ‘sw) 1euOTIRN
877 051 kXA sataajjeg 081 0R1 01 u/nagxn 09 32p 800 + suns 00S1 s2) = 0€6 Bl1pueg
1eIuaw
-taadxyg 12aumi1 g (1 “u ‘su) Lao3waoqen
1 o1 0S¢ ‘2112338 01 o1 (94 (IVERSY) - sung ¢ 8ax ™ 06¢ uyodulq JIR
EEETELY
PU1 <1 o1 xopay dd 8°0 + (S¥) Yoawasay
dey of [119 8 ‘sa113130¢ ot [i]9 ot - - sung 001 3} 2% 000'Z1 $1a97
£103vanqen
18d gG1 1® SIXY-C (1 ‘¥ ‘sy) uoisindoag
saz 833 y-due o¢y $311933eg oN o1 o1 wd8 ¢ dap ¢0°0 + sung Q0S¢ sa}% saide Qf 3ar
Yar m ymn adAy VAR VAN MY Tewaayy ADRINIDY 103BAJUIDUO)  231BY4 ?21¢ AJTiidoeg
‘aatideay ‘orawas  ‘Surjey ‘uotr3dauuo) ‘Butiey ‘Butiey Sumyoeray LA ¥ | £31119°4
£31113n v 20
peon 231018 13UOTITPUOC) 13mOd Aeviay

s123ua) weiloig SOTEITOAOIOYJ

!S9T31TIqede) 3IS3] SwalIsLg

‘E€-¢ 9Tqel



-cnid

!
i
i

. ,m

WA s, o e —

(232 ‘MW ‘3S ‘aAN)

113s2q Y31y ‘ms aN A53MpTIR 333s2q uB1H ‘ms Tean3eN g
13 g x v ‘23y3o
93 € x ¢ x ¢
33 01 x % - duag - W Y Xy 531w 823§ ‘¢
Butry24p
Do0TT ©3 Dp¢9- 20002 031 Do0L- - 20061 ©31 D059~ aanjezadway g
3% - - 593 (£6671N) uoTIRAQIA/PUIM ¢
s$a} e -~ — Buripuey/Burddiyg 9
sax €E00 WISV - -- (£22/06L1N) 2313 ¢
sax - -- §3) 118 ¢
$3} - . say 803 3185 ¢
sa}) -- -- §3% L3tpruny -7
-— sa} - sa} utey °1
paijoxjuoy -y
($2 ‘1 ‘¥ ‘su) (1 ‘¥ ‘sy) (s¥) (1 ‘¥ ‘s¥) (183uamuoltauyg)
vollestjyijend ‘g
Elpueg TT-JTH $1Mma7 1dr

3, 0 W b

s123ua) weiBoid sdjye3ITOAOIOY]

:$9T3TTrqede) 3sa] 103097T0)D

‘y-¢ 3Tqel

3-5



- ad

LETY

88}

- 103221109 *11

— EX-0-2 TR T |

IAVHHSY °P
ad® 71 ‘2006 wdd 1 35001 -- - doo pintg >
- 1e8 oy -- -- afeizols -q
1sd og1
u/nig %09 S3a} - e wd8 g¢ Buitoon ‘e
eyl °g
- 13 ¢ xg 13 gx ¢ g xy (2215) 10je(nulg 4
82p 80°0 * -~ - fap 00 ¥ £seanooy Buiydea) ¢
0051 £ 001 005¢€ (Sung) 103e13juadU0y 7
833 83} sa) [T} 2314 3814 °1
(50 1 ‘¥ ‘s®) (1 ‘¥ ‘s¥) (su) (1 *¥ ‘s¥) £1111q0de) -y
asuewi03aad °*11
g1pueg MUCARY ] 81Mman Tdr
s193u3) uwexBoid sOFelIToA0OIOYJ :SITITTTqRdE) IS99 103ID09TT0D (P,IU0)D) “H-¢ 219l

3-6



- i

AR

s} 83} §3) 1enuey 21Iwig  -q
1°nuey pue ojny 1Tnuel pue ojny 1enugy 1BnuEl pue ojny daamg dtweudg ‘e
peo1 ‘%
$ax sa) sax S dtiswmoiny  °q
. sax Sax sax {enuel e
$3AIND Al ‘f
- LT3 Y -- -- AN P
LED sax S s3x 1301 >
— - s3x sa} asnjjig °q
LX) Y LED S sax sax 1da11q ‘e
uotljejosu] *Z
ZWI /MK 061
‘Apeaag
U /MK 501
%2 /MK <01 ZUO/MK 011-¢8 ‘pasing WA /MK 061 ?ouelpeaay >
J00¢1 1€
-- 20061 ‘33 4 x + - 2069- ‘33 & x ¢ xog 10§ 'q
sax sak sax §3) (217poK) sanieradwa) e
101 nWIg 1
juamainseay ‘g
B1pLEg T1-11W s1ma 1ar

8193ua) wea8oig sdTEITOAOIOYJ

il

{s3T13T1TqRde) 3IS2] 10309170

(P,3u0)) “‘4-¢ 21qe]

3-7



A 1 P A 1 01

83x -— [X39 [T INE 1euaajuy ‘¢
sax - - 83} IWE Twuaaixg -7
sax - -— s} JTISNOdY Y
[ ]
3SION °q nﬁa
sayx sax . s3) uUOIIRIQTIA )
so} -- - s33 Latprwny  -g
8ax sax - sax 11eaq ¢
3L 83} - s3x Buryohy -z
30002 03 Jol0¢~ 0007
30021 ©1 D069~ W EXEXgE -- 01 DoSC- XPH-UIR 1
2anjvaadway -y
T®UdWOATAUY ]
Bvpueg T1-11H S1M37] Tdr

s193ua)

wea8oxg sOTERITOAOIOYJ

:SaT13TTIqede) 31591 13UOTITPUO) 13MOJ

“G-f 3Tqel



-I“

sax S22 $33 $3} sanjviadwd]l °g
sag saj sag sa} $1043U0) *¢
$9) Say 8D} s3} Buiyojiag 1RuIIXY 9
$2) s3X 3} $3} Buiydyiag yRuvIIJUY ¢
s} - —-— s3} FurwayBinl oz
sax €3} s3) Sap IIND21D-204§  *]
$183] jeuorIIdUNg *3
sax sSa) XY $3) uotrjetiep Indu] °q
s3% sax sax sax UCIINTIPA pPROT D
J19S pue aulq « 318§ pue aulq 3125 puer surq J12S pur aurq uolIBINEMO) 7
8°0 ‘0%v ‘081 1 ‘onz ‘o1 2°0 % ‘0%z ‘of B8'0 ‘0%Z ‘01 (44 ‘A ‘van) Butaey
ov g
dwe 001 ‘A 009 -- duwe ¢71 ‘A O%2 dwr 001 ‘A 009 Buriey yds3Img -7
A SLE ‘MY 01 A OGY ‘MN 5°7 A 009 ‘MA Of A 00% ‘M 01 Buiyey 1
o0 v
SOURN20] 234
e1pueg T1-11K S1m7] 14r

s193ua) weafoag SOTEITOA0IOY

:sa73171Iqede) 1S3 13UOTITPUO) 13m0

(P,3u0)d) g-¢ IIqE]



-In‘

L essrae

298 /41
sag

M@ 1 ‘due g-¢

4d €0+
‘A 09T ‘van g7z

A 097 ‘PY 0OST

das/s1auueys 71
sa)

M® snonutjuoy

A 05T ‘mn 01

ZHY ¢
sap

MY Snonutuo)

dd 8°0 + ‘A Ov7
‘*pul VA C1 ‘-ded vax o¢

A QST ‘mx O¢

$2)

sa

sax

dd 80+

‘A 0% VA X ¢

A O%T ‘Mn 01

aiwy ®3eq OoIny -g
$1233m3388 ¢
PROT l®IUAmAADU]  w

PeOTIIA0D

aA1IdRRY 7

mns o

uoljenEls proy g
M¥ G/ pue mx Of -~ - LI uvolisnEng Avazy -y
JUIWIINSEIR 111
®1pueg 11-11K 51m27 14r

8133uUa) weidoid sOTEITOAOIOYG

:837131TTqede) 1S3 IJUOTITPUO) 12M04

(P,3u0d) -g-g¢ 3rqer

il g

3-10




-l

EETER ¥

i
o

S——

sax sa) $23 $aj3 (saunys ‘sdus ‘s3|0p)
JuawaansE 171
-— -— umx o1 ‘xopay - w0 -a
- - .- - ol1piy padwng -5
- ®Ip ‘ul-Qf -- -- 1a3ayni1y e
dee 1 *A OZf dwe 0¢1 ‘A OF1 oel dwe g1 ‘A 00Z 28aeyy Juwisuoy 7
dwe 001 ‘mn %2 due 07 ‘mn G°¢ - - a8ieyds1q JUEISVO) ]
umn %7 umn 05/ umn |/Y uymy 61 ‘y-dee o1 $211313eg Y
dummanjiag 11
- - -— (T3% uotrIRNENIOY UaBOIPAR
s2X (133 - sap $307 JdeIwn  °g
Sax b - S3X 11ema ¢
SaxX - - s3% Bur1ahy  °7
20007 ©1 J30¢9- - -- 3006 ©3 DoSS- bl b R |
Sanjwiadwa)l vy
1®jvamuoztaug ]
®1pues TI-11IR s1ma1 14r

s133ud) weildoag SOTRITOA0IOYJ

:sarar11qede) 31sa] asdeioas

"9-¢ °1qel

3-11




*n

suotBay (v

13 %1 x 01

as - - $2315 2j0m3y ins *31ied tos/ns - (232 ‘sl ‘38 ‘W)
1eanIen ‘4
3w xzl - ~- BLx] 33 81 x g1 x 81 33 T x o * ST - sitm1] ¥z ¢
200¢ Jo0SE
sa} - - 03 Do0f- $3% 03 25061~ Jaquey) | jews Sur134) aanjsaadma] g
UOTITIQIA uoYIPIQLA uo1IWIQTA (L6670)
3% J1mE g - - S1ms1as 35 dIme1ag UOTIRIQIA/PUIA ¢ ~
sa) sa) -— a5 $3) s} - Suijpuey, Purddiyg -9 .....
-3 -- -- - -~ a5 - (€3L/06L0) 3318 ¢ ”
say - - - sax [EY Y —— 181 L ]
sax - - - s3x 3, 2aquIy) [[ems Soa Ites ¢
sax -— — Sk sax 2 - Aypreny 7
sax - - (TTY [T} sa) - iy |
sjaurd sjuavodeo) P 102380) V¥V
puw s npoN 1ives
(1v3uamu0a1tAul)
uol1IEdIJIIeN) ]
a1én 2503 Jud 13sa 00AV 113V uolaV
S$3fFa0jeaoqe] I33eAlxd "wﬂﬁu.mﬁwnwn—mu ISI] A0IDITIO0D [~ °Iqel



mine

Y - -— say - sy -- 103331100 *¥V
sa) -— -— s} - [E3Y - a8wi03§ 3 ]
08-96 ‘18-S
- - - LL-v6 “LL-€6 -- sa) -- IVEMUSY P
wif of wd¥ g1-0
4208 1€ ‘2091¢
01 2% - J0k6 01 3,01 -- LEY - doo pingd >
1*% 00¢ - 1#% o Aep/ M 0%C - sa) - adeicig °q M...
m oz - - m gz sa) saa - Suitoon w =
1wyl ¢
Bexy -- - BoIxg - 1479 -- (3%18) 203Iwnmrg -y
Bap ¢2°1 + - - ol°0 « - - - Lowmandoy Suinoeay ¢
09 -— -— 001 oy - -- (SUNE) 103813VdDW0) 7
sa) -— -— s3x - 83} - wpd TG !
£3t1qudey 'y
adusmaojaagd 1t
ar4éa Juas o 13sq 0Ja¥ IV ue3ldY

sajaojeioqe] 3ILATI4

:8$2T3¥1rqede) 382l 103237100 (P,3IU0)D)

(-t 21qe]



- ngd

=1-eme

>n

[17Y - - $a) - Sap - 2133 *q
(1} - - $3) - sap - daamg >wmeusg ‘e
pRoT vy
[1TY - -- $3% - $3) -- Juismolny  °q
- - -— - - so) - [erumy @
saaany A1 o
sas - -~ $3) - s3) - A P
[TTY _— - LTS - sa) - te3o] >
sax - - s34 - 533 - dn3jva °q
sz - - 2} - $ap - dda1g e
uovirlosu] 7
%/n 001 - - 2™ /MM ST - $3} - TIURTERAA] D
3T xgxy - -- VI xgxy - LEZN -~ x09 104 °q
[T} - - s - SaA - (31NpoN) danjeiadma)l ‘v
Jojeinmrs  °|
WwImaansway g
atén Jeas N4 1isa 00Av 1L3¥ uo1d¥Y

S37103B10QETT 2IBATIJ

:sajiyrrqede) 1sa] 101031[0D (P, Iu0))

‘L-t 2iIqe]l

3-14



o s e e N P —

- -— - - - say 83} IN3 [euiajul ¢

— -— s9) - - 89% sax INA 1®uwaalxy -z

W, L £J 3 —— 82} — - 89) 83} EASTLCEL S |
#8TION °*a
83} -— 83} - 83} (133 - UOIIRIQIA °D
35 -- sax - 8ax sax - Litpreny g

9% - 833 - 83} 833 - 1190 *¢

L)Y - $35 - $3% 83 -— Butofy -2

, J00S T J08ES DJoSL1
03 DoS8- - 995 - 031 Dofl- 031 Do0L- - XeR-UTN ‘|

danyeaadmal °y

- i

T1®ludmuoxravg °1

a14n o¥as oud 13asa 02AY 1av uo3dV

m . Sa1io0jeloqe] 231BATId :SaTITTrqede) 3S3] 13UOTITPUO) 13mod °g-f ITqeL

VA b . B

3-15



-I‘a

B IEE K

R o

89y - . - - 83} A2qmry) [1ems aanjeiadmal -9
sax - - -— - 83% - 81013u0) ¢
sax — - - - 833 - 8utysiiag [RulaIxXy ‘y
sa) - - - - 83y - Buryd3tas [eulaju) ‘€
sax - - -— - 83} - Buruiydrr oz
831 -— - - - 8ax - ITMDITY-3304s  °
$1831 [euoTIouUny -3
sax - - - —_— 3% - uorjvtaep Induy g
83x - - -— - sax - UOTIBRIIRA pROT 9
J19S puw aulq —_— - . — 319S pue aut] - UOIIBINEMNO) 7
dd 80+
‘A 08% ‘vax 06 - - - -- - - Burjey 1
v g
dwe 00¢ ‘A 06 - 83 -- - 83 - Buravy YIas -z
A 06 ‘Mx (T - -~ - - - -- Buraey g
a v
aduewa0j1ad °J]
IT4pM uas o 13asa 0DAV 113IvV uoloy

Satioleloqe] ajealag

$89T3TT1qede) 31821 13uor3Tpuo)

1amogd (p,3uo0))

‘8-¢ °Iqel

3-16



-eanid

$ax -- - - - ZHY 1 - 23y ®IRQ OINVY °9
(£ — - -— - sax -— s1ajamaien °¢
- - —_— —— - 8$ax -— pPEOT] 1RIJUIMAIIDU]L ‘Y9
83} —-— - —-— - sax - PROTIIAD °f
dd 80+
A 08y ¢ VAX 05 - - - -- ¢€ ‘A 08y - 3ATIO®RY 7
A d1qrlaep
‘sax - - - -- M1 001 - d13838 [
uoriEINmMIS proT g
s} -— - -— - - - uoryenwis Aeiay °y
Juomains®aN °III
a1én ouas oud Lasa 00AV 113V uo3dy

S3fi0jeroqe] 3IBATI4 :SITITTFqede) 3IS9] ISUOTIFPUO) Iamogd (P,3u0)) -g-¢ IIqel

S -

~

-
1

@



say - -— $ax sax - - (sjunys ‘sdme ‘sa1yop)

Juamaansean 111

awy
- - passaidmo) - - - - 13430 °a
33 1t % ®1p 33-07
- - - - - 81sd 00z —-— O1pAH padmng °)
- sax - - - ®Ip 3-% - 1e9yad1d ‘g
du® 001 ‘A 09 - - 83X - - -— a8awy)y Juelsuvo)d 7
dwe 00Z ‘mn OF - - dwe 0G1 ‘MY € - -- - a8ieyos1q jueisucy ]
sa1aa3jeyg VvV
aouemi03i13d °*I1
sax - - 83% - 89X - uotrjeTNENOOY uaBoipAR o
sax - - sax - 83} - 8807 Iajey ‘g
sax -- -- - 835 83 - 1ieaq ‘¢
83) - - - 83} 83% - Burody ¢
00081 008 200L1
03 2058~ -= - - 03 JotlL- 03 D001 - - XER-UIN T
2anjvaadwmal °V
{ejuamuoaITALl )
atdm ouas Jud 13sa 00AY 113V uoloy

s9fi03leioqe] 23BAT1J :S9fITTIqeden 31sa] 28ei03s ‘g~ ITqel

3-18



	1982014786.pdf
	0016A02.JPG
	0016A03.TIF
	0016A04.TIF
	0016A05.TIF
	0016A06.TIF
	0016A07.TIF
	0016A08.TIF
	0016A09.TIF
	0016A10.TIF
	0016A11.TIF
	0016A12.TIF
	0016A13.TIF
	0016A14.TIF
	0016B01.TIF
	0016B02.TIF
	0016B03.TIF
	0016B04.TIF
	0016B05.TIF
	0016B06.TIF
	0016B07.TIF
	0016B08.TIF
	0016B09.TIF
	0016B10.TIF
	0016B11.TIF
	0016B12.TIF
	0016B13.TIF
	0016B14.TIF
	0016C01.TIF
	0016C02.TIF
	0016C03.TIF
	0016C04.TIF




