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TtlC'HONt (114) »•4-»«0 

Montrmal, September 7, 1973 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 
Lerchenfelderstrasse, 1 
Vienna, AUSTRIA. 

Att.i    Mr. D.C. Newton, Chief, Technical Equipment 
Procurement and Contracting Of fie«. 

Subject t    SPAINt   Electrical Industry Teat Experimentation Centre 
UNIDO Contract No. 72/17 - Project No. SF SPA-012 

Qantlemen: 

He are aubaiitting herewith our Final Building Report 
for the above mentioned project.   This Report follows the Draft 
Building Report which has been submitted on September 29, 1972.    It 
has been modified in accordance with the Contract documents and more 
particularly with article 2.01 item "V" concerning the suggested de- 
sign changes by the Government and/or the Project Manager. 

Following meetings held in Madrid with the Spanish 
Technical Committee and various experts a new implementation has 
been agreed on, whereby the proposed one-building concept is still 
maintained while a greater distance is kept between the High Volta- 
ge Laboratory and the High Power Laboratory. 

.../2 
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m>. D.C. Newton, Chief, Technical Equipant 
Procurement «nd Contract ins Off let. 
 * . 

/2. 

This Final Building Report offers sufficient infor- 
mation to allow the local architectural and engineering group to 
prepare the final design of the buildings.   Additional information 
will be found in the Firat and Second Equipment Reports. 

Xt *•* indeed a pleasure to perform this most chal- 
lenging study on your behalf and we may assure you of our sustained 
interest in this project. 

JFL/cl 

Your 

1 Lalondc, Engineer, 

Unido - Vienna i 6 copies 

Project Manager in Madrid«    2 copies 

Spanish Government t 10 copies 

I 
LAIOMOC. OimOUAHD. LCTENDHC * AMOGMYtS 

CONSULTINO tMaiNcawe 
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this rinal Building Report eonatitutes a complete set 

of recommandation« for th« implementation of tht High 

Power Laboratori«« forming part of th« Electrical Teatiag 

and Experimentation Cantra in Madrid, Spain. 

Included also are drawinga to be uaed, in conjunction 

with Performance Specification«, «« a general guidance 

by the Government'a Architectural Contractor in the 

final deaign and layout of the Laboratories. 

This report relatea to the buildinga aa recommended 

and also to certain functions of these laboratories. 

For a complete understanding of the whole, it may 

become neceaaary to refer to the First Equipment Report 

iasued October 1972 on long delivery equipment, and to 

the Second Equipment Report issued September 1973 in 

two separate volumea: 

a) High Voltage Laboratory 

b) High Power Laboratory 

The Second Equipment Report describes the equipment 

that can be procured in a short delay whether on the 

local or on the international markets.  In an appendix 

to the Second Equipment Report for High Power Laboratory 

is reproduced a list of instrumentation already supplied 

to UNIDO in Octobre 1972. 



I 
I 
I 
I 
I 
I 
Í 

Í 

Í 

Í 

Í 

I 
I 
I 
Î 

r«p eenvenience, tao fin«* Building Report has »«a» 

•«•divided in •••arai velunoa, aa fellows i 

Volurna  X - Laaoratorits i»ple*ontation 

Voltine  IX - Civil engineering 

a) Sita oonaidarationa 

a) Structural engineering 

Volun« XXX • Elactrical and Mechanical 
anginaaring 

Valuaa IV - Terminal Section and Appendices 

Volune  V - Drawings. 

In accordane« with tha Taras of tha Contract, tht 

final Building Report covare only tha aystana and 

stis-ayatena required for th« imp lamantat ion of tha 

Lafcoratoriea with auffieiant detalla to allow tha 

local Architect to prepara tha final design for 

eonstruction.  It doea not cover the varioua aervloea 

on the aita which are tha responsibility of the 

National Conaultanta. 
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I- IWTIODUCTIOII 

X« accordane« with tha Tarmi of tha Contract batwaan 

our fir» and Unitad Xationa Xnduatrlal Davalopaant 

Organltation (UN2D0) on tha 13th of March, 1972, wa 

aubait a Building Raport covaring tha High Fowar and 

Nigh Voltaga Laboratoriaa aa daacribad in tha objac- 

tivaa and undar tha raaponaibilitiaa of tha Contractor. 

For aaay rafaranca thaaa articlaa of tha Contract do- 

euaant ara rapaatad harain undar Chaptar IX. 

Tha purpoaa of thia Ilaport ia to aubatantiata guida- 

linaa for th« aatting up of an Elactrical Cantra that 

will fulfill tha following objactivaat 

a) To carry out taating of alaetrical 

•quipaant and parta; 

b) To provida tachnical advica to th« 

alaetrical induatry through exper- 

imentation by groupa of acientiatei 

e) To promota developaent of applied 

r«aaarch in alaetrical anginaaring 

and alactronics. Thia way, tha Cantra 

' «ill earva aa an acadeaic coapl«a«nt 

to tha Eacuala Tacnica Superior d« 

Ingeniero« Xnduatrialaa. 



This final Building Report shows our recommended im- 
plementation of the  Laboratorios  and tht various 
supporting sraas.    We  indiest« our choict of location 
for tht construction of tha buildings  on tha  salacttd 
sita snd discuas briafly tha grounds of our Motivation 
in relation to  environaent, sccass and «gross, railway 
and services. 

A chapter deala with  the recoaaended atructural design 
and gives  sufficient  details to allow the local Architect 
to proceed with  the  design and construction drawings. 
In ether chapter«, we  indicate what wa recommend for 
tha  various supporting systeas and sub-systeas  in the 
electrical and mechanical  fields. 

Tha equipaent  needed  for the operation of these Labo- 
ratories  is described under separate  reportst  First 
Equipaent  Report -  for equipaent of long delivery  - 
Second Equipment Report -  for others. 

VARIOUS  PHASES» 

From the analyais of data collected wa ware able to 
prepare the Draft Building Report, which waa followed 
by the First  Equipaant Report related  to testing equip- 
aent of expected long delivery.     Because of this  long 
delivery aoae  of thla equipaent ie on the critical 
path in the schedule  of construction and operation 
of the laboratories. 
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Tli« presentation of our Draft Building Report wat 
followed by «••tings  in November 1972 wh«r« questions 
were  raisad by Unido Consultants,   Dr.  H.Prins and 
Dr.  Cihelka mainly on  th« concept  of the combined 
buildings.     These  questions  were  ansewered in detail 
in our  Special Report  of December  1972 with  substan- 
tiating documents.     Further  meetings war« held  in 
Madrid during January of 1973 with other experts 
familiar with laboratories  of the  combined concept. 
At a  session of February 1973 the  concept as   it now 
appears  in our Final Building Report was proposed. 

At th« beginning  of May 1973 we submitted two proposals 
of th« stretched  concept of which proposal No.   2 waa 
aeeapted by the  Project Manager's   letter of June  27, 
1973  and  we were  requested  to proceed with report 
modifications on  this  basis.     This  letter waa  confirmed 
by a  telex from UNIDO'» Chief TEPCO,  Mr.   D.C.Newton 
on July 6. 

IMVITATIOH  TO VISIT 

In order to understand bettor som« of th« problems 
•ncount«r«d in a design of such a  nature, we have 
felt  that  visita  to existing  laboratories was   indeed 
very  much  recommended.    Ve have transmitted  invitations 
to m«mb«rs  of th«  Technical  Committee as well  as  to 
other  Officials,   to visit  IREQ's  Laboratories   in 
Montreal,   Provine« of  Quebec,  Canada,  considered to 
be on«  of  the most modern actually  in existence. 
Because we  conaidered  auch visits  as highly  important 
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v« want «• far aa dieeuaaing auoh »attera with *tJB=ha 

raderai Ninietry of Trad« and Co»»«rce, ao that   auch 

invitation« could ba conaidarad aa official by «=»ur 

Government. Ma atill ara of tha opinion that Officiala, 

Tachnical Adviaara and Daaignara ahould viait o«^=tr 

inatallationa and othara bafora thay fraasa tha» Ar 

budget, finalixe thair daaign and procura tha n^acaa- 

aary equipment. 

PERSONNEL IN TRAINING 

•afora tha laboratoriaa atart oparationa it is » 

•a waa »anifeeted in tha Ter«a of Reference to* 

engineering propos«», aaaantial that ao»a of th«a 

pereonnel in «ach «action r«caiva at laaat a ye* <«ar 

training in an axiating laboratory.  IREQ haa offered 

to train four electrical engineer«,  candidate»  to tha 

futura operation of tha laboratoriaa. Two ahota _ld 

train for tha HVL and two for the HPL. The co» -dition« 

aat forth by IREQ for tha training of thaae can» -didatea 

have been expressed in varioua letters« and it  —waa 

finally agreed that IREQ ahould work out with tr ~ha 

Government all »attera pertaining to thia trail» ing 

of paraonnal. 
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MfKTlVJg t TEfflS or 99FTMÎT 

T« facilitata tha raading of this docunant «id of far aaay rafaranca, 
wa ara rapaating hara tha objactivai of this projact and cartain 
tama of tha contract that ara of utmoat importanca and ara rafarrad 
to in thia raport. 
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"l.oo   MU OF m ?RWÇT 

1.01    Tht aim of tht Pro j 00t it to assist the Qovtrnmtnt of Spain 
f in establishing thé Eltotrioal Industry Testing and Experi- 

mentation Cantra mar Madrid to oarry out tssting and advi- 
êory ssrvioes for the slsotrioal industry, 

a)       This Centre will ssrvs tht slsotrioal industry in 
undertaking tht following aotivititt: 

i)      Provision of ttohnioal adviot to tht tltotrioal 
snginssring industry and to tht Govtrnmsnti 

H)     Préparation of offioial rtports for the Govern- 
ments 

Hi)   Provision of teohnioal adviot and expertise on 

legal cuestiones 
iv)     Carrying out of eleotrioal and eleotronio measu- 

rementsi 
9)      Preparation of tltotrioal industry standardsi 

1 vi)     Tssting of eleotrioal equipment and partes 
vii)   Training of high level spécialiste in tht fields 
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rtii) Development of applied research in eleotrisml 
engineering and electronics, 

b)      Ths Centre will be organino, in ths following Stations: 

i)      Hsh Power Laboratory Section, for êhort circuit 
tests on prototype» and production modèle of such 
items a» svitohgear, cables, fusest transformers, 
diêtribution boards at medium and high voltages; 

ii)     Biah Voltage Laboratory Section* to measure ma- 
tsrial ineulation such as strengths of insulatorst 

bushings, cablest transformers, lightning oon- 
duotors, and other similar items. 

Ât a later stags i 

Hi)   Sstwork Analusis Station, for the study and assign 
of transmission and distribution nstworks under 
continuous and transient conditions.    This will 
include an industrial elsotronios department for 
the design and construction of auxiliary tsst 
equipment, 

ivi    Standardisation and Measurement Section, for pjt- 
paring standard spécifications, carrying out test 
and calibration work on measuring instruments, 
and determining the physical constants of con" 
duotive, dieleotrie and magnetic materials* 

9)      Quality Control Ssotion» for quality control tsst» 
ing of small electrical appliances* 
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•)      Thi» Contract applie» to the ftret too Section» only, 
the Bigh Power Laboratory and the Nigh Volterò Labora» 
tory described in paragraphe b) i) and U) above, 

*.0C     RESPONSIBILITIES OF THE CONTRACTOR 

'•"     Statement of Work 

Part A. 

The Contractor ehall provide the neoeeeary eervioee and faci- 
litile to perform the following t 

a)       Ornerai Reauiremente 

<->      Oooian 

The Contractor ehall deeign thé High Voltage and 
Nigh Power Laboratories aooording to the teohnioal 
parameter» »»t forth in paragraphe 2,01 b) and o) 
below.    The Contractor »hall undertake the »yéteme 
deeign and be responeible for the functional per- 
formance of the eub-eyetem» and the eyatem a» a 
whole. 

U)     BMÍldir 

The Contractor ehall prepare a Building Report, 
including the design of the power euppliee to eub- 
eyeteme and the eyetem a» a whole» giving a recom- 
mended layout of the High Power and High Voltage 
Laboratori»» »hawing estimated overall dimeneione 
and weight»t and any epeoial faoilitiee required 



I 
I 
I 
I 
I 
I 
Î 

I 

Ï 

I 
i 

il>     *¿ldina   (continued) 

for the installation or operation of the major 
itmê of equipment,    The report shall include 
floor plane and elevationst together with struc- 
tural, material handling and utility requirements 
in sufficient detail for the architectural plans 
to be prepared by others.   The Contractor ehall 
aleo adviee on the final structural design and 
layout of the laboratories.   Structural design 
of the building will be accomplished by the 
Government'e Architectural Contractor (eee para- 
graph Z.OÎ below).    The Building Report ehall be 
furnished in accordance with paragraph t.09 b) i) 

below. 

iii)   Eauiment Specifications and Analueis of Tendere 

The Contractor ehall prepare detailed tender epe- 
cifioatione for equipment to be purohaeed.   It ie 
mandatory that these epeoifioatione be drawn up 
in sufficient detail and in euch Urne to allow 
international competitive bidding for equipment. 
The Contractor ehall report on expected delivery 
datée, together with a proposed inetallation eohe- 
dule, estimated costs and nomee of euggested 
eupplisrs of equipment.    The Contractor ehall aleo 
analyse the tendere received and make appropriate 
rsoomendations on equipment purchase for the 
Government and for the UNIDO.    Agreement ae to the 
equipment to be purohaeed by the Government and 
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Hi)   Equipment Steoifioatione and Analueie of Tendere 
(continued) 
the Unido muet be reached with the Contractor 
before actual procurement.   The baeio criterion of 
§uoh agreement •hall be the epeoifCoatione for the 
equipment ae prepared by the Contractor,   The equip- 
ment epeoifioatione ehall include general teohnioal 
oonditione, engineering epeoifioatione, performance 
criteria and minimum quality requiremente.    Tender 
epeoifioatione ehall epeoify that the manufaoturer 
vili eupply the wiring diagrame, oontrole and 
inetruotion manuale.    When thie information ie 
received, the Contractor ehall finalize the deeign 
drawinge aooordingly in order to aeeure that there 
ie the proper eledtrioal interconnection of the 
equipment.   The epeoifioatione for those iteme of 
equipment which involve epeeial building require- 
mente or whioh muet be epeoially manufactured and 
will therefore have a long delivery time ehall be 
furniehed within five (6) menthe after commence- 
ment of the work in the Projeot Area.   Speoifioa- 
tione on all other iteme of equipment ehall be 
furniehed within eleven (11) monthe after commen- 
cement of the work in the Projeot Area.    The Con- 
tractor ehall furnieh in accordance with paragraph 
i.09 b) below a Summary Report of all equipment 
epeoifioatione provided. 

b)      Biah Tower Laboratory 

i)      The Laboratory equipment ehall be epecified in 
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• b)       Miah tour Laboratory 

fi)      (oontinuêd) 
order to provide faciliti** for testing êUatrio 
power equipment, *uoh a§ electric motore, généra- 

I tore, traneformere, oirouit breaker*, fu***, oon- 
duotor*, reactor* and oapaoitore.    The criteria 

I êhall b* analysed in depth by the Contractor to 
prevent early obeole*a*noe of the Laboratory,    The 

f oonoept of the Laboratory ha* been defined and the 
building* and *quipment deeoribed by a UNIDO expert, 

i Aft». J. Cihelka, during hi* mi**ion to Madrid in 
April 1970*    Hi* report (Annex A) ha* received 
preliminary approval of the Spanish authoriti** 
and êhall eerve a* general guidanoe only for the 
Contractor in the preparation of equipment »peci' 
ftoation* and other tasks, 

ii)     The teeting power to be provided »hall b* a* fol- 
low*: a mall »hort oirouit generator approxima- 
tely 900 MVA rating¡ one ehort oirouit generator 
of maximum 3,000 MVA rating, epaoe to be provided 
for a future 3,000 MVA generator and expansion pro- 
vided for eynthetio teeting inoluding oirouitry 
and equipment parame tere,    The Laboratory ehall 
aleo inoludei 
ai   ehort oirouit t**t tran*former*} 
b)    Circuit breaker* and the appropriât* auxiliary 

equipment ooneieting of reaotore, oapaoitore 
and r**i*tor* oonneoted in bank*; 

a)   control equipment, measuring inetrumente and 
aaeooiated equipment¡ and 

10 
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d)      machinery and tools for a machin* shop. 

e)        Hah Voltage laboratory 
i)       The earn general considerations êhall be given to the 

Bigh Voltage Laboratory ae thoss deeoribed above for 
the Bigh Power Laboratory,    The oonoept and the para- 
meteré of the Laboratory have been deeoribed by UMIDO 
expert Profeeeor Hone Prinz, of the Institute of High 
Voltage Engineering of the Teohnieohe Hochschule Munich, 
FflO.   Hie report (Annex B) hat received preliminary 
approval of the Spanish authorities and ehall serve as 
general guidance only for the Contractor for the prepa- 
ration of equipment speoifioatlone and other tasks. 

it)     The High Voltage Laboratory already existe at the Esouela 
Superior de Ingenieros Industriales in Madrid and is 
equipped with some measuring equipment.    Thie equipment 
may or may not be traneferred by the Government to the 
new High Voltage Laboratory.   The Government shall ob- 
tain prioes from the original suppliers of this equip- 
ment to expand and upgrade it for testing power equip- 
ment of 880 kV line voltage with a possible extension up 
to 760 kV.    The Contractor ehall obtain pricing informa- 
tion on now equipment in order that the Government may 
make a decision on whether to upgrade or replace the 
emitting equipment.    The testing equipment ehall be 
suitable for a maximum one minute power frequency volta- 
ge to earth of 880 kV rme or power frequency teet volta- 
ges which may be prescribed by ths national standards 
code in Spain.   To this shall be added 30% for break- 
down voltage test,  10% safety margin and 25% researoh 
factor amounting to 1.2 MV which ie the nominal voltage 
•of the oa-xide transformere.   Similarly, the maximum 
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44)     (oontinued) 

voltage of thm inculo* generator hao boon determined OM 

4 MV,    Final dooioion with roopoot to the equipment itili 
bo taken by the Government baoed on the rooonmendationo 
of the Contractor, 

Hi)   At a later otage, a DC generator of 1 MV ehall be added 
and the building* will be deeigned accordingly.    The 
major facilities are planned to be: 1.2 MV two-otage 
oaooade generator for IS minute current of 1.26 A¡ 
1,2 MV voltage divider; 4 MV impulse generator for 1.2 
- 60 micro eeoond standard lightning impulse and 260 - 
2600 micro eeoond switching impulsesi two (2) meteré 
sphere gap; 1.2 MV indoor-outdoor bushing for supply- 
ing the AC voltage of the cascade generator to the out- 
door toot areas an outdoor test tower, an indoor control 
room with three oontrol desks', a mobile sphere gap two 
meters in diameter, as well as the neoeesary instrumenta- 
tion, data display, indicating instruments and switeh- 
gear.    the Contractor, however, will submit alternative 
proposais for deoision by the Government. 

iv)     The planning of the new High Voltage Laboratory shall 
be booed upon the maximum possible reuoe of equipment al- 
ready existing in the High Voltage Laboratory, 

8.00 RESPONSIBILITIES OF THE UNIVO 

9.01 UNIDO - Facilities and Services 

To assist the Contractor and hie Projoot Area personnel in 
the performance of the work, the UNIDO shall provide, or cause 
the Government to provide, at no ooet to the Contraotor, the 
following facilities and services as UNIDO may determine to 
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$,01     UNIDO - faoilitiee and Serviate (continued) 
be neoeeeary for the éxecution of the project: 

I 
I 
I 
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a)       Office space and essential office furniture and equip- 
I ment and local traneportation for officiai purposes ae 

may be available to UNIDO and ae normally provided to 
t UNIDO experte in the Project Areas 
* b)       A Centre building constructed on a êuitable fully eerved 
reite on the outeHrte of Madrid with about 260,000 equare 

meteré of covered area and eervioes suitable for the 
proposed laboratories and uork-ehops, bearing in mind 

| the requirements of air conditioning and of anti-vibra- 
tion neoeeeary for eome of the equipment to be inetalledi 

F e)       Transfer of the existing equipment recommended by the 
Contractor (eee paragraph 2.01 o) from the exieting High 
Voltage Laboratory at the Eeouela Superior dm Ingenieroe 
Induetrialee in Madrid to the new location in the Centre 

Buildinge¡ 
i)       neoeeeary data ae followe: 

i)      Electrical Industry 
Sufficient knowledge of the »tate of the actual 
electrical industry a* far a* manufacturing, local 

< markete, international markets, type of production, 
number of expected testst eto. and evaluation of 

1 ite potential and the electrical induBtriee future 
development.   The origin and destination of mate- 

rial to be tested for proper flow arrangement and 
proper eizing of areas for mounting aw well ae 

equipment needs and eines, 
ii)     Electrical Distribution 

Transmission and dietribution eyetemm túhioh Mill 

19 
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I ii)     tUatrioal Diêtribution (continued) 

b» needed in th» Contractor'» ctêêêêmmt of *•- 
I —arch requirement».   Knowledge of étendard» of 

distribution voltage» and current» in order to 
f prepare the specification» of the equipment. 

• Hi)   Transportation 
r Standard» for road construction, bridge», railroad» 

»o a» to for»»»» »cm of th» limitation» which xiill 
b» imposed on th» design. 

| iv)     Sit» 
General ar»a map», »it» plan», contour», geology 

J and pedology. 

v)       Servio»» 
Quality of water with »upporting analyti» for ua- 
rious usage. Disposal of wa»te», of wa»t» water, 
of »urfao» and »torn drainage, r»quir»d tr»atmnt»t 

environmental factor».   Requirement» for ar»a 
lighting,   parking, recreation, fir» protootion. 

vi)     building» 
Diff»r»nt code» or standards t floor oooupanoy in 
of fio»», modulée if in exietenoe, accommodation 

for personnel.   Statistics on prooipitation, daily 

\ temperatures and relative humidity. 

Vii)   ju^r» fhaee» 
futur» phases of th» ovrall development a» they 

• r»lats to th» initial pha»». 

{ »)      Inspection and Performance tests of th» »euipment at th» 

mmmtfaoturer's plant. " 

3.« 

I 
r 
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ìli- »lELItilMARY  SECTIO» 

Effets or rxwpiyof 

The  Building  Report  it baaed »«inly on  data,  publica- 

tions and general information gathered by our staff 

in Madrid supplemented by  visits  fro»  our various  ax- 

parts on tha   aita.     In Juna  1972,  a dalagation fro» 

our group had   tha opportunity to maat  with Government 

Offictra, made   a viaual aurvay of tha  proposed aita 

and visitad som« hydro-electrical installations  as 

wall as soma  electrical equipment manufacturar*. 

Through tha  information gatharad it was possibls  to 

aaaass tha actual davalopmant  trends  and to foraaaa 

•  considarabla   incraaaa of tha Country'a alactrical 

»arktt ovar tha naxt dacada.    Elactrical consumption 

haa  incraaaad   threefold between  1960   and 1970 and 

this tendency   ahould continue for a good number of 

years knowing   the efforts  put  forward  by tha Govern- 

ment towarda   industrialisation.     Tha   creation of 

thia Centre  ia   a proof of  the Government's  interaat, 

which in turn  will no doubt halp greatly tha induatrial 

development. 

COMCLUSIONS  REACHED 

With an increase in alactrical equipment fabrication 

the propoaad  Testing Centre should be   larger than 

required to meet the praaent needs.     We are aware that 
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•est  Testing Centres throughout the world neve resetted 
their objectives in s shorter period then anticipated 
et the plenning stsge.     They hed to consider expansion 
end eddition of services end facilities  sooner then 
expected  to meat s feet developing technology. 

RECOMMENDATIONS 

I 
H 

D 
E 
F 
f 
r 

The recommandations steted hereefter in this Building 

Rsport sre Miniasi. Any reduction whether in diman- 

slons of buildings or fscilities would result in seri- 

ous difficulties in the neer future for tht operation 

of the Centre in sccordence with technologicel progress 

Throughout these studies carried ou by our group, 

we heve oftsn referred to the reports of UNIDO'« 

experts Profassor Dr. Hans Prins concerning tha High 

Voltega Laboratory and Dr. J.Cihelka for the High 

Power Laboratory. He »ay heva gone e little beyond 

the recommendations of theee two experte on account 

of two major factors: 

e) the ectuel trand end the future require- 

ments of the electricel industry} 

b) our recant involvement in the inplemen- 

tatlon of e research leborstory thet 

turned out to be one of the lergaet in 

the world. 



Our stand »ay alto reflect a differance batween tha 

objectivas pursuad in aach casa. Tha aims that hava 

baan givtn to us in tha Taras of Reference and eventu- 

ally in tha Tarns of tha Contract nay not hava baan 

tha sana that were expoaad to tha two UNIDO exparts. 

IT 

r 

This Final Building Raport suparsadas tha Draft Building 

Raport which was submittad in September of 1972. Aftar 

•any meetinge whara nustarous consultants offerad coû- 

tants on tha Draft« a sarias of recoamendationa was 

issusd which lad to tha preparation of this Final 

Building Raport. 

Thasa discusaions hava baan aostly orientad towards 

our concept of a combinad building implementation as 

compared to tha mora traditional layout of separata 

buildings maintaining a distance of ISO meters and 

•ore between the HV and HP testing areas. 

r 
r 
í 
r 

A compromise  was  finally  arrived at,  where  a Modified 
approach to  tha  combined  system was  accepted which 
kept a distance of meterá between the HV  laboratory 
and tha HP  taating areaa.     Thia modified layout  main- 
tains  the  combined  concopt by   introducing  the  common 
areas between  the  two laboratories  in an elongated 
form of implamentation. 

Ma hava  indicated in correspondance  and raporta  that 
our praferenca went  to our initial recommandation but 
we had no objaction to tha compromise  solution.     He 
wish to repeat here  that   technically our initial 
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proposition vai sound, in that rtspset we havs given 

sufficient answers to various objections raised and 

that no valid demonstration of operating deficiencies 

in this concept have been made.  In the overall anal- 

ysis, we recognise the existence of other factors of 

a social and/or environmental quality for which the 

local Government représentatives and the Committee 

they have set up to study this project are better 

qualified than us to form judgment.  We have tried 

to be objective and have offered in such discussions 

our own experience and knowledge. 

1 
I 
I 
I 
I 
I 
I 
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It is important also to note that in our concept we 

were concerned with matters of economy in both build- 

ing volume and subsequent operations. We have mentioned 

in our Special Report of December 1972 that the final 

layout represented an increase in foreseen expenses. 

We had made calculations to substantiate our say and 

we think it is of interest to indicate here the 

magnitude of these increases: 

Exposed walls, 3,832 

Foundation perimeter,     170.8 m 
Roof, U34       n2 

These increases will of course have some repercussion 

on the cost of certain electrical and mechanical ser- 

vices in the building both in capital expenditure and 

in operation  charges. 
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LABORATORY IMPLEMENTATION 
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iv- MimTWY ¡ijrifrfHpTffîw 

GENERAL LAYOUT 

Figur« I showa th« différent parts of th« building 

«haltering th« High Voltage and High Power Laborato- 

ri«s. 

Th« *r««i 1 to 7 «r« ««inly d«vot«d to th« High Voltage 

Laboratory for di«l«ctric teat«. Areas • to 16 make 

th« »«ction of common s«rvic«s to b« used by both la- 

boratori««. 

Ar«a« 17 to 3H ar« th« diff«r«nt ««ction« of th« High 

Pow«r Laboratory. 

f,««»on« for th|» payout 

Th«r« ar« »any advantage« in having th« two laborato- 

rias eloa« to «ach other.  So*« of th«s« ar« «a follow«i 

Th« Management and operation personnel will b« 

r«duc«d and a b«tt«r coordination between th« two 

laboratories can be achieved. 

Services like, receiving* storag«, handling of 

«ateríala and equipment, machine «hop«, can b« 

aharad, with a better efficiency than having two 

••parate aectiona. 

m 
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HIGH VOLTAGE 

I. External Test Arti 
f. Control Room of H.V.L. 
3. H.V. Main Hall 
4. Transformer Test Mall 
5. Mounting Hall 
6. Corona Hall 
7. Pollution Room 

COMMON SERVICES 

t.   011 Pumping ft Treatment 
9. Compressed A1r Equipment 
10. Auxiliary Machines 
II. Corridor 
12. Workshops 
13. Shipping ft Receiving 
14. Rest Area 
15. Offices 
16. Railroad Siding 

HI6H POWER 

17. Synthetic Hall 
18. Main Machine Hall of H.P.I. 
19. Reactance Hall 
20. Transformer Set No.1 
21. Transformer Set No.2 
22. Transformer Set No.3 
23. H.P.L. Control Room 
24. Assembly Rooms 
25. Assembly Rooms 
26. Climatic Room 
27. High Current ft D.C. Tests 
28. 25KV Test Cells 
29. 500 MVA Transformer Set 
30. Test Yard No.1 
31. Test Yard No.2 
32. 220KV Incoming Lints 
33. Generator No.1 
34. Generator No.2 

•4 
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- T»e short-circuit generator will be uaed aa • power 

eouree »t the High Voltage Laboratory for tetta on 

largo tranaíoraere. The actual layout will perait 

thia connection. 

- The high capacity of the capacitor bank of the syn- 

thetic aource (area 17) can eventually be uaed aa 

ooapenaator during teete on large tranaforaere and 

reactora. 

• Alto «any equipaent will be ahared like: oil puaping 

and treatment, coapreaaed air systeaa, aachine hall« 

eliaatic rooa and aesembly rooaa 2H, 25 and 26. 

MAIM CHARACTERISTICS 

The laboratoriea have been deaigned to do all the teata 

required by the atandarda on electrical equipaent uaed 

on distribution end transmission systeaa. The preaent 

and planned Spanish systems have been taken into con- 

sideration including posaible ties with other countriea. 

8ince the aain purpoae of building theae laboratoriea 

is to help the Spaniah electrical induetry in producing 

and developing new equipaent, the design offers flex- 

ibility and secrecy. 

Flexibility aeans that aany teata can be performed at 

the aaae tiae at the High Voltage Laboratory and at 

the High Power Laboratory.  Thia ia poaaible by divid- 

ing the aain hall in the High Voltage Laboratory in 

aectiona when lower voltagea are required, and by 
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having thraa nain stetioni at tha Nigh Fowar Labora- 

tory. Thia layout bringt thia flexibility without 

ineraaaing tha ooat in tht aaaa proportion. 

tacracy it kapt during ail tha tinta tha cuatoaer'a 

aquipaant la in tha laboratory.  Tha »•••ably roo««, 

tha procedura at tha tatt call and tha handling of 

tha ratultt for tha taat raport (dark roo») ar* cri- 

taria which bava baan takan into graat conaidaration 

during tha atudy of tha layout to ansura a aaxiaua 

aaoracy. 

HACHIHE SHOP t DEPOT 

Tha purpose of a «achina »hop equipped with a »iniaua 

of tool« i« to ba abla to build «orne apacial adaptara 

for apparatus undar taat or do soae changaa on tha 

aquipaant itaalf if raquirad.  For axanpla a laak 

proof containar with a bushing could ba built in a 

abort dolay. 

Tha ahop servieea ahould offar tha following» 

• a aachina shop 

- aheet-iron aquipaant 

- a aatarial storaga 

- walding aquipaant 

- a woodwork ahop. 

Appropriata toóla ara of tha ganaral typa and do not 

raquira a vary high lavai of praciaion. 
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FEEDING LINES AKD STATION 

Inyoilng }ln«s 

A study has shown that it will b« nor« convsniant to 

supply tha power naadad for tha laboratori«* by tha 

doubla circuit lin« at 220 kV locatad ona kilometer 

from th« sit«.  Tha «lactrical diagram No. 201 shows 

tha diffarant faad«rs. 

Two main circuits ara dafinad.  Ona aa a normal «nargy 

supply and a sacond ona for tast purposas at tha High 

Voltaga and High Powar Laboratori««.  Tha powar as- 

timatad for tha normal circuit is as follows: 

Univarsity Cantar 5000 kVA 

High Powar Laboratory 2500 kVA 
High Voltage Laboratory 2500 kVA + tOOO (2#) 

Oanaral purposas 2000 kVA 

12000 kVA 

Baeausa of asymatrical load dua to tha ragulators 

(H00 kVA) at tha High Voltaga Laboratory connaetions 

y/Jl  (ys 5) ara proposed. 

Tha powar 'required for tha taat circuit ia 12000 kVA. 

Taking into account tha nature of tha load and futura 

extensions, a capacity of 16000 kVA is foreseen. 

Tha voltaga drop on the 220 kV circuit during a test 

in the 500 HVA section will be 2,51, negligible when 

starting the motor-generator at the High Power Labo- 

ratory . 
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MAIM SUBSTATION 

For reasons that we have indicated previously we do 

not favor the position of ths nain substation as shown 

on drawings.  This position was recommended to us and 

is in agreement with th« contractual documents article 

2.01 it«« V.  We have therefor« prepared our drawings 

in accordane« with this positioning.  We must at this 

point express the opinion that this position should 

be further studied in the final design stage, when 

•ore data are available on the total development of 

the land.  In our view and in relation to the labo- 

ratories only this recommended position does not 

comply with our criteria of aesthetics and economy. 

GROUNDING NETWORK 

Special attention ahould be taken for the grounding 

network.  Short-circuit currenta circulating in the 

ground conductors produce different ground voltagea 

between equipment and are dangerous if no special 

protection is foreseen. 

Telephone equipment should be isolated by transformers. 

Underground pipes should be made with insulating ma- 

terials for a specific section.  Railroads should 

also be protected against voltage rises by resistors. 

An analytical study would specify the values of volt- 

age rises and the corrections required. 
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I Regarding grounding and shielding reference should ho 

•ado to tho Special Roport of December 1972 where 

I severing articios havo boon includod. 
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fEEPONNEL 

Personnel required to start tho operation of ths la- 

boratories could bo as follows: 

Manager and staff • 

Senior Engineers 2 

Tost Engineers • 

Technicians If 

Labor 10 

TOTAL '      »0 

after sono years depending on the demand this nunber 

will be adjusted. 

mi»•? 

Senior Engineers in their respective field should have 

at least five years experience. Test engineers should 

have a training of nine months to one year in a High 

Voltage and in a High Power Laboratory respectively. 

Some laboratories will accept to train young engineers 

inside a specific contract. This training is very 

important because an error could bring a big loss of 

equipment and also reduce the goodwill of the labo- 

ratory. 
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MlflM »OWE*  LÀ10RAT0KT 

ttlMIRAL 

TH« High  Powtr Laboratory will b« uead to tast slsc- 

trictl aquipnant  ussd in distribution  and  translation 

systsns  sta inly undsr short-circuit  currsnt conditions. 

Tha principal aquipnant tsstod will b«: 

Circuit  braakara 

Diaconnsct awitchss 

Fuaas 

Lightning arrastsrs 

Load braak awitchaa 

Tranafornara i powar and instrunant 

Kaactors,  capacitora 

Bua bars»  lina aquipnant  and cablas. 

lasiiss   short-circuit tasts,sthar tssts  will bs par- 

fornad  ast 

.     Load breaking tasta with diffsrsnt powsr 

faotors 

Short-tins taats 

-     Msst run taats. 
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CONSTRUCTION 
PROGRAM 

PIMM 

Phaee   II 

(not later than 1 
one yaar after 
Phaaa I) 

Phaee  III 

(when raqulrtd) 

Phaaa IV 

(future) 

HIGH POWER LABORATORY 

POOR PHASE PLANNIHO 

27 

MAIN TEST FACILITIES 

Section 1 
2100 MVA teat circuit 
3 transformera 
2 outdoor teat yarda 

Section 2 
500 MVA teat circuit 
3 transformera supplied at 220 kV 
2 teat cella 

Section 3 a 
High-current teat circuit. 
3 transformera supplied at 22 kV - 16,6 MVA 
- U 

One lergs teat araa, shared with D.C. teats 

Section 3 b 
Direct-current teet circuit 27MW S.C. cap. 
Transformer & Rectifier supplied at 22 kV. 
- 3d primary - 6-3d secondary windings. 

1) Synthetic teet circuit capacitor hank 
2 - 2,5 MJ 

2) Climatic chamber 

1) 2nd, 2100 MVA teat aet, same aa above. 
1 additional teat cell 14 kV 

2) Extension of the synthetic circuit 

5000 MVA tranaformer set supplied from the 
200 kV network 

VOLTAGE 6 POWER 
AVAILABLE 

19,5 to 220 kV 
2100 MVA 34, 1200 MVA Id 

3.6 to 26 kV 
500 MVA 3d, end U 

----- ————« 

100 V - 290 kA 
692 V - 42 kA 

3d testa 

100 V - 500 kA 
1200V - 42 kA 

U teata 

600 V - 45 kA 
3600V - 7,5 kA 

765 kV equivalent 3 4 
6000 - 9600 MVA U 
14 000 - 22 000 MVA 3d Equiv. 

Temperature - 25 C to 
•65 C, Ice, 100Z humidity. 

Two sets in parallel 14 kV: 
19,5 - 220 kV, 
4200 MVA 34  2400 MVA Id 

765 kV 34  equivalent 
12 000 - 19 200 MVA Id 
28 000 - 44 000 MVA 3d Equiv. 

Two generator sets & trans- 
former set in parallel 
7400 MVA 1 - >5000 MVA 3d 

Table 1 
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2« 

This layout it shown in Fig.3. Three teat sectiona 

specified in Tabi« I and in circuit diagra* Fig.2 and 

th« climatic chanbar ara shown. 

i Saction Ho.l contains th« main machina hall, raactor 

I hall and transformar bays, two outdoor taat .yards, se- 

paratad by a wall and a control room serving both yarda. 

I In th« control room, on aach aid«, th«r« is an obser- 

vation room for tha repräsentativ« of tha client and 

¡ on tha second floor ther« is a largar observation room 

to accomodata a larger number of witnesses or to film 

• test with special cámaras. 

The equipment to ba tested will normally be assembled 

in one of tha four assembly rooms, which may alao ba 

used aa testing stations. There is a direct accasa 

from tha assembly rooms into the taat yards, so that 

•ven a big circuit breaker or other piece under test 

can ba easily shifted into the test area using air bear- 

ings or other means of transportation. (See photos No.l 

and No.2) 

Within the test yards some protection against explo- 

sions during the tests are foreseen.  All doors leading 

into this space ara blast proof and will be electrical- 

ly blocked when tha equipment is alive.  The teat trans- 

formera are protected by a wall, made up of sections, 

) or modules, which may be disassembled for a revision or 

repair of the transformer. A similar wall separates the 

\ two taat yards.  It is easy to disassemble this wall 
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«•Inf • aaall eran«,  «o that a largar tait «raa  i« 

aada availabla  if naeatsary. 

On tha right,  (fig.3)  tha taat yard Mo.2 ia ©panad, 
but protactad by a  fanca at a aafa diatanca.     Thia ia 
tha diraction for axtansion and  a third taat  yard aay 
ba  locatad to tha right of tha  taat  yard Mo.2  in  tha 

futura,   if daairabla. 

Tha obaarvation fro» tha  control  room on tha  ground 
floor and  froa tha obaarvation rooa   on tha  aaeond  floor 
ia through aafaty  (bullat-proof)  windows. 

Saction   Wo.2 

Thia  aaction ia tha   500 MVA taat   saction suppliad  froa 
a group  of transformara,   locatad  outdoor and connactad 
to tha   200 KV lina.     Thia  saction  ia  a typical doubla 
aodula,   having two   indoor  tast   calla   and a  coaaon  control 
rooa batwaan.     Tha  calls,   including  tha access  door ara 
blaat proof,  tha obaarvation froa tha  control rooa and 
cliant'a   obsarvation  rooa  is through  safety windows.  Tha 
aquipaant  of this  aaction,  shown  in  tha circuit  diagraa 
Tig.  2  ia locatad  in  tha basaaant of  tha aaaa part of tha 

building. 

Saction   Mo.3 

Thia aaction ia locatad naxt to  aaction Mo.2 on tha 
aaaa aida of tha cantral corridor of tha building.  It  ia 
auppliad  by cabla  froa tha  22KV  aubstation  and  altarnat- 
ivaly,  by cabla as  wall,   froa tha naighbourlng  aaction 
No.2.  Tha  coaaon aquipmant  of  tha two subsactiona as 
shown on tha circuit  diagra» ia   locatad in  tha  baaaaant, 
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I til« high current traneformer and the transformer-recti- 

fier group is located inside the teat hall. Thie ia ne- 

I oeeeary in order to raduca iaipadancaa on tha low vol- 

taga sida of tha transfornara. 

SI 

I 
I 

Climatic  chamber 

Apart fro« tha  thraa tast  eectione,  thara is  tha cli- 
matic chamber  locatad  in  cantar,  between tha  two sats 
of aesembly rooms, aa shown   in Fig.3.     This aaction 
consists  of tha  tast  chamber  itsalf with a amali con- 
trol roo»  and accasa  spaca,   tha purposa of which  ia to 
limit tha  haat  axchanga whan  entering tha chamber at 
low temperature.     Tha  adjacant module  will be  used  to 
accomodate  the  equipment  serving to prepara  the required 

climatic  conditions. 

Tha  four  aesembly rooms may  be used  for assembly of the 
equipment  to be tested  in  any of three test  sections 
and climatic chamber  in principle.     It  is understood, 
however,   that  in specific  cases the  assembly may be 
made within the  tast  space,   if preferable. 

A more complete description  of the  climatic  chamber 
will be  found  in the  Second  Equipment  Report,   Item 

HP-15. 

Ha have  been requested during some meetings   in Madrid 
to move  the  climatic  chamber  closer  to the High Voltage 
Laboratory.     We have  given  our reasons  for keeping this 
chamber   in the  HP area  in  our  Special Report   of December 
1972, P.12-13-1H.    We have  repeated   in a latter dated 
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May 2*, 1973 to your Project Manager that we fail to 

•at why such a changa ahould be «ad« and gav« tha 

raaaona why the climatic chamber ahould remain in tha 

HP area. Ha went further by aaying that we would not 

change our recommendations in that reapect in tha Final 

Building Report.  He now of couraa leave that quaation 

to the local designers since we cannot offer additional 

comments and furthermore as we have said in the pre- 

viously mentioned letter we see no practical reason 

for the move. 

ftffty 

The whole region of tha high power laboratory will be 

provided with a system of safety lights and a system 

to block the doors, so that access to the dangerous 

areas, including main machine hall, reactor hall, test 

yards of section 1, basements of sections II and III 

and test calls of section II will be impossible. 

Safety regulations are to be designed and enforced for 

the employees of the laboratory as well as for cliente 

and visitors. 
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I *•     TYFES  Of TESTS 

I Three different types  of  tests could  be devino*  •• 

I) 

I 
I 

follows: 

• ) Official acceptance tests   (certification  tetta). 
b) Development tests  on prototypes, 
e) Teats  for research  purposes. 

To  illustrate  the possibilities  of  the laboratory the 
following examples are  listed, having  in mind  that this 

list say  not  be txhaustive. 

1. Current  carrying  short-circuit  tests on  all   types  of 
low voltage and high  voltage  equipment  having low 
impedance.  Typical  examples:   circuit breakers in 
cloaed  position,   isolators,   current transformers, 
bus  bars,   distribution switches,   etc.. 

2. Current  carrying  ahort-circuit  tests on high impe- 
dance   equipment   such   as power  transformers  and 

current  limiting  reactors. 

3. Short-circuit making  and breaking  tests  on  circuit 
breakers  ranging  from low voltage  up to highest volt 

age  existing. 
Typical tests: 

a) Terminal short-circuit   Interruption  tests. 
b) Short-circuit  interruption  tests. 
c) Hi-speed reclosing tests  on   short-circuits. 

d) Evolving fault   interruption   tests. 
e) Short-circuit   interruption   tests under  out-of- 

phase conditions. 
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a. Switching tests other than short-circuit st high 

voltages (H.V.) 
I a) Load current switching tests on load switches. 

b) Switching tests of capacitive currents of capaci- 

tor banks, long unloaded lines, unloaded cables. 

c) Switching teats of small inductive currents of 

transformers at no-load, shunt reactances, H.V. 

induction motors, reactance loaded transformers. 

5. Interrupting tests on L.V. and H.V. fuses from small 

overloads up to high short-circuit currents. 

6. Direct current switching tests on high-speed circuit 

breakers, fuses and other switchgear from load 

currents up to short-circuit currents. 

7. Temperature rise tests at very high permanent cur- 

rents, A.C. and D.C. on: bus-ducts, bus bars, cir- 

cuit-breakers, insulators, etc.. 

I.  Tests with high power arcs, such as behaviour of 

insulators and their protection rings during a 

flashover, behaviour of H.V. cubicles under arcing 

short-circuit inside. 

9.  Different kinds of tests for research and develop- 

ments in the field of high current and high power 

arcs. 

10. Tests of electrical switchgear under different 

climatic conditions, such as high temperature and 

humidity or very low temperatures and under ice 

coating. Life tests on insulation using the cycling 

method of temperature. 
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1.  TEST FACILITIES AMD PARAMETERS 

Main tut sections 

The aain test facilities and thsir respectiva para- 

Meters are listed in Tabla I as a function of the cons- 

truction schedule. Three main test sections are being 

proposed as outlined hereafter» 

Section No.l 

This main section will cover direct testing facilities 

for equipment rated at 14KV up to 220KV and synthetic 

testing facilities for higher voltage équipaient up to 

765KV.  It will be built gradually in four phases. 

At the beginning (Phase I) one generator-transformer set 

will be provided, rated at 2100 MVA. Immediately follow- 

ing» the synthetic circuit will be added (Phase 2) rai- 

sing the single phase test capacity 5 to 8 times. 

Later on, after some H  to 5 years of operation a second 

generator-transformer set will be added, together with 

«n extension of the synthetic circuit (Phase 3).  Still 

later on, possibly 10 years later a further extension 

of test capacity is planned by the addition of a trans- 

former bank rated at about 5000 NVA supplied from the 

220KV network. 

Section No.2 

This  section will be  mainly  devoted to distribution 
equipment.     Testing  facilities  for  equipment   voltages 
from  3,6KV   up to   2SKV  and capacities  up   to  500  MVA  will 
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»e completely built up in th« first construction phase. 

Stetion Wo.3 

This low voltage section include* two subsection«, high 

current end direct current test circuits. 

These two circuits have a common feeder at 22KV. Accord- 

ing to table I both subsections are included, in the 

construction phase No.l.  However it is possible to 

delay subsection 3b, into Phase II, if reasons should 

exist to do so. 

Test facilities in time 

After completion of Phases I and II, all the types of 

tests as described above will be possible. It is estimated 

that the facilities will meet 90% of the tests require- 

ments.  The remaining 10% will include the following 

eases: 

1. Heavy generator-circuit-greakers rated at 15 to 25KV 

and 3500 to 5000 MVA. 

2. Tests on complete poles of E.H.V. circuit breakers. 

Only individual interruptora or pairs of interruptors 

could be tested using synthetic method. 

S.  Short-circuit tests of power transformers whose three 

phase continuous ratings exceed some 50 MVA and of 

current limiting reactors whose'short circuit ratings 

exceed some 500 MVA. 

By the addition of phase III the capacities given in 

the three above mentioned cases will be doubled. Besides, 

the two 2100 MVA s.c. generator-transformer sets will be 

able to operate independently, increasing the number of 

tests in a period. 
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Choice of the »«in p«r«Mt«n of Section Ho.l 

Two major principles have been taken into accountt 

a) Parameters required for taats 

b) Availability of raliabla and economical daaigns 

of equipment. 

Aa to tha teat requirements, two distinct groupa «ay 

be apecified. 

Distribution switchgear ranging up to HSKV with 

2000 MVA, is nade normally as three phaae equip- 

ment and a three phaae test circuit must be used. 

Switchgear for 100 KV and higher is mostly designed 

as single phase units, and then, tests are made 

eingle-phas«.  Due to short-circuit power of net- 

works now S000 MVA and above it ia out of question 

to try to reach this power by direct tests. 

Single phaae synthetic testing shall be used instead. 

Concerning the availability of teat equipment, there 

ia no doubt that all elements of the main teat circuit 

can be manufactured by several manufacturera, with 

one exception: the main ahort-circuit generator. In 

fact this machine is the key point of the circuit 

and the aaaociated equipment must be compatible with 

it. 

Several large companies have developed and built auch 

generatore, but with very little exceptions, for their 

own laboratories only, and in many cases just one 
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•«chin« was built.     It  is evident that  in these 
oasts  the aspects  of economy ar« vary uncartain, 
compared with Machinas «ad«  for a largar markat. 
It   is   «van possibla  to think  that  soma companies 

I wars  probably willing to pay  a generator »ore  if 
' «ade   in  their own  workshops  than  to buy a »achine 
I fro« the competitor,  because  of prestige and  publi- 

city. 

Some  of these generators  are  very heavy low-speed 
•achinas, having t  to  8 poles.     Most likely,  the 
coat  of those machines would be much higher  than 
that  of high-speed  generators.     The  transportation 
problem would also be  quite  significant. 

It   ia  being confirmed by the  opinion of several 
machina  designerà  that  the moat  economical  solution 
of a  short-circuit  generator  is a high-speed  (2 

poles)  machine. 

Vary  few companies built more  then two identical 
••chinas.To our knowledge,  only  three such  compa- 
nies  and generator  types  exist   in  the world. 

1.   Qanarator designed by ACEC  Belgium,  in about 
1938.  Five machines have  been built,  so  far, by 
ACEC and under  its  licence.     Its voltage   is 12KV, 
apeed  3000 rp»,capacity     2500  MVA at  the  termi- 
nala  (accidental)  and about  1200 to 1500  MVA in 

I thm  test  cell.   This machine  is relatively  old 
and  small and  cannot meet  the requirementa for a 

modern laboratory. 1 
! 



I 
I 
I 
I 
I 
I 
i 
I 

19 

1 
I 
I 
I 

2*    Gsaerator designed and built  by Electrosila  in 
Leningrad, Rusai«.Six machin«« of th« same typ« 
bava baan built,  but no poaitiva  information  la 
availabl« concarning ita raliability and oparation 
axparianc«.     Ita   voltage   ia   12KV  ap««d   3000  rp« 
ahort-circuit  capacity approx.   1500-1800 MVA.   Tha 
pruchaaing of this generator  hardly comas  into 

oonaidaration. 

3.     Tha Company Oerlikon  (now part  of  Brown-Boveri 
group)  has an exceptional  position in this  field. 
Tha number of ahort-circuit   generatore built   is 1W, 
lest  6  of the  same generation.     It  is  the moat 
modern  generator  for H.P.L.,   rated at  1UKV,   2100 NVA 
at  SO  He and  3000 r.p.m.   and   is made for oparation 
at 60  HB with a  bit higher  voltage and  capacity. 

Without  eliminating other possible makers,   it  ia most 
probable  that this  is the best   choice  from technical and 
economical  view-pointa.    Thia  is  why  the parameters of 
this machine have been used  aa   reference for the  preaent 
specifications. 

In conclusion,  it  is   felt  that   a  teat  capacity of approx- 
imately  2000 MVA ia  a most  convenient  choice  for  the 
short-circuit generator, meeting  both  above mentioned 
viewpoints  namely that of covering distribution  switch- 
gear area  on one hand and  that   of availability  of a 
»odern generator of  similar rating  on the other hand. 

Section No.2 
The  electrical parameters  of  this  section are  in  fact 
deacribed   in Section  No.l.   The   justification for this 
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I ttetlon U baaed on atstistics fro« totting stations, 

showing that so»« 60% to 70% of the mint«- of teats is 

»ad« using capaciti« not axcaeding «»00 MVA.  Actually 

the parcantag« might b« lower, say around 50% in thia 

I spacific casa, and will still fall down gradually in 
tha futura, it is claar thatit is possibla to roughly 

doubla tha number of tasts for an additional expenditu- 

ra of soma 12 to 15% of tha main circuit by providing 

i a sscond-medium power tast circuit ratad at 500 MVA. 

I Cosiparing now two possibla alternativas, namely; 

a) 500 UVA ganerator-tranaformar seti 

J b) 500 MVA tranaformer set supplied from tha 220 

network, the second alternative is clearly 
superior for economical reasons. It is estimated 

that in caae a), the cost would be: 
Oenerstor:     $800,000.00 

Transformera:   $300.000.00 

Total:       $1,100,000.00 

In eaa« b) in spite of tha fact that the coat 

of tha tranaformer aet would be higher du« to 
tha 220 KV primary and to a more complicated se- 

condary, and that some additional coats must b« 

added because of a greater number of reactora, 

tha total estimated cost would only be $»»00,000., 

giving a saving of about $700,000. 

l On tha other hand, to obtain a short-circuit of 500 MVA 

I eapaeity there ia no problem whatsoever from the 220KV 

system.  Th« short-circuit power is, around 12000 MVA 

I for the time being and will increase in the futur«. In 

fact, 500 MVA «quais approximative^ the normal load 

I and the voltage drop will be less than 3%. 
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taction Ho,3 

High current and direct current teat circuit«. 

These two circuits will bs supplied fro» ths 22XV bar 

of ths laboratory subststion, so that its opsration will 

bs independent of the 2100 MVA and 500 MVA circuits. 

The two subsections will have a common feeder, including 

the back-up circuit breaker, the set of reactances and 

the closing switch. 

It will be possible to supply this section fro« the 220KV 

network via the 500 MVA transformer set.  This has been 

«ade for the following reason: for high current dynamic 

or short-time tests, which will be the most usual cases, 

the section will be supplied fron 22 KV bars, and the 

valus of current will be controlled by current limiting 

reactors on the 22 KV side. The voltage regulstion on 

the secondary side is not of much importance and a few 

large voltage steps, say 100, 200, 300 and 400 V is 

fully satisfactory.  When testing L.V. circuit breakers 

both A.C. and D.C. for interrupting ability, however, 

both current and recovery voltage must be adjusted to 

prescribed values and in this case, a better voltage 

regulation is needed.  This is obtained by supplying 

the high-current or rectifier transformer from the 500MVA 

transformer set, using the good voltage regulation avail- 

able on the secondary side of this transformer set. 

In addition, this alternative supply serves either as 

spare voltage in case of some accidental fault in the 

22 KV substation or when voltage variations due to 
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•hort-circuit testa could perturb to«« aansitive tests 

in other parts of tht laboratory. 

Climatic chamber 

The dimensions of tht available teat epaca within this 

chamber ar« proposed to be ••,75m x 6,6« x 8mH. This 

volume will permit the tests of a coaplata apparatila up 

to: 

1. Isolator 72KV - 3* 

2. Isolator 230KV - U 

t.  lraaker 230KV  - 14 

The temperature range considered ist 

a) -25°C 4 65°C, raising and lowering of the tempe- 

rature between these limits in 20 to 120 minute«. 

b) *25°C - 25°C, 3 hours cycle at laaat. 

Humidity will ba controlled between the natural humitidy 

of the environment (very low in Spain) up to 100% at 65 C 

(saturation). Tha tests to ba made in this chamber are 

the following: 

1. Tast under ice condition 

2. Accelerated ageing tests 

3. Taats at low temperatura 

H. Tests at high temperatura (dry) 

5. Quick temperature changea 

6, Condenaation tests. 

Tha position of  the chamber  is shown on   figura 1. 
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%.     »A1IC   ELECTRIC DIAOKAH 

This diagra« i« shown on Pif .2. It inouï tlirat ••in 
taat circuit» and taat araas, corresponding to Tabla 
Ko.l.     Only  tha »ost  aassntial alaasnta  ara shown. 

I *.l       2100  MVA  tsst   circuit: 
* Tranaforaar T23  connactsd to 22KV bari 
[Driving aotor  DM* 

Main  short-circuit  ganarstor 0xl 
_ lack-up circuit  braakar 1¿| 
J laactor sat  X^i 

Making switch  Mxi 
J 8«t  of 3 short-circuit transformers Txi 

Taat  araa TA,  Mo.l 

r 
a.2  S00 MVA tast circuiti 

j- g«t of 3 short-circuit transformers T2i 

lack-up circuit brsaksr l2l 

laactor sat X^i 

! Making switch *2l 

Taat arsa TA, Mo.2 

*.l      High currant  1 diract currant taat circuital 
lack-up circuit  braakar 1,1 
laactor sat X3t 
Making switch M3i 
Nigh currsnt  transforasr T31» 
lactifiar tranafornar T%j2l 
lactifiar RFi 
Taat  araa No.3. 
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According  to Table Mo.l,  tha  capacity of this 
••etion  I   will be raisad by  tha  addition of tha 
•ynthatic   taat circuit  during Phaee II of cons- 
truction  progran,  than  in Phaaa   III by a second 
generator-transformer  sat   (not  shown  on Fig.l) 
and finally   in Phasa  IV,  by  a  S000 MVA transform- 
ar T^. 
No extensions ara foraaaan  for tha test  stctiona 

No.2 and   No. 3. 

H.t»      Ths nain   idaas  incorporatad   into this diagra» 
art tha  following! 

a) Tha  thraa  taat circuita,   apacifisd abovs  ara 
completely indapandant  and «ay ba oparatad 
simultaneously,  giving tha  atation a remarkable 
flaxibility and affactivanaaa.     Conpared with 
tha  basic  diagram ahown  in  tha  tarins of refe- 
rence,   it  can be saan that   in tha latter,   tha 
two  ganarators ara  connactad  to a common bua, 
only  ona   reactor sat  and  one  making switch   is 
provided,  and different   transformers and  taat 
calla   ara  connected  to  tha  sane  secondary  bus 
aa  wall.     In  this  way,   tha  advantage of having 
two  aaparate  sourcaa,  two  transformer seta  and 
several   test  cells   is  completely lost because 
thay  cannot be used  independently and simulta- 
naoualy   due  to the  conson  elements of tha  taat 

circuit • 

Tha  coat   of a few additional elements required 
such  aa   X.,  Mj, Bg,  X3,   Mgand even the diract 
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current facility T32 and *r, will be ever com- 
pensated by the  eubetantial savinge  obtained 
i« replacing tli«  800 NVA short-circuit genera- 
tor •• per tho reference proposal by  tho trans- 
fomtr sst T.. 

tfa rteomiand the diagram of Fig.2 which giva» 
a auch higher  flexibility and effectiveness 
than the diagra« proposed in tha Terme of Re- 
ference since  our diagram peraita making direct 
current tests  for the same cost. 

O 
b) The test circuit No.3 can be supplied either 

froa 22 KV bus  or froa secondary T.  via 1« «nd 

»2 • 

D 
r 
r 

r 

The supply fro«  22 KV bus will bo used aainly 
for dynaaie tests  and short-time thermal teats» 
via high current  transformer T,,.     In thia ease, 
tha value of the  teat current will be adjuated 
by the eorreaponding reactor X«. 

On the other hand,  for interruption  teata of L.V. 
and D.C.  breakera,  both current  and recovery 
voltage aust meet  the required values.    In this 
cese, supply from Tg will be used,  aa  the se- 
condary of Tj  has  a  large choice of  voltage 
values.    This connection aakes  it poaaible to 
uae just a few big voltage steps  on  secendarlea 
of T31 and D.C.   toat "circuits. 
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c) Til« return lin«  HL,  combined with the incoming 
lin« No.2    off«r« additional tost  faciliti«» 
which were not  available in  th«  terms of r«- 
foronc«.    Uaing  thia  lin«,   it  ia  posalbl« to 
eonnaot on th«   load aid« of th«  t«at«d br«ak«r 
located in th«   TA.     No.l, «ithar  an unloadad  long 
lin« or a «hort-circuit«d ahort-lin« for lina 
dropping teata.     It  is also possible to connact 
transformar T2  «nd raactor X2 on  th« load aida of 
th« san« breaker  and make an artificial circuit 
for siaulation  of diff«r«nt  switching operations, 
auch as switching of shunt raactora or raactor 
loaded transformers,  «te. 

See Appendix Ho.2  for possible tost circuits. 
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Tha High Voltage Laboratory will be usad for dialactric 

taata at vary high voltagas on auch itena aa tha 

following i 

Insulators 

Capacitors 

Bushinga 

InStru»ent transforaara 
Circuit breakers 
Diaconnact  switchaa 
Lighting arrestara 
Fowar Transforaars 
Reactors...  ate. 

for ayate» voltagas up to and  including 765KV    Rüg. 

Tha dialactric  taata will includa: 
Lightning inpulsa  taata 
Switching inpulsa  taata   (wat and dry) 
Fowar  frequency taata  (wat  and dry) 
Meaaureaents of partial  discharges 
Naaaurements of radio intarfaranca voltagas 
Naasuranants of capacitance and Tan 

In addition to tha above« ona aaction of tha High Voltaga 
Laboratory will be devoted to accaptanee taating of powar 
transformers   (area «• on fig.l).     Such taata will includa i 

Haat  run taata 
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Induced voltage teats 

Open circuit  tests 

Ratio aeasureaenta 

Xapedance aeaeureaenta 

lapulse teats 

LABORATORY   DESCRIPTION 

The  layout  philosophy  for th« High Voltsgt Laboratory 

is basad on tha  usa of nobile tast equipaent.  Sinca  it 

is unlikely that  tha  iapulse  ganarator and  cascada 

transformar will ba usad at  aaxiau« voltaga  simultaneous- 

ly,   tha building diaensions  and costs will ba raducad 

if tha squipment  is aobile.     Air  cushions will ba  usad 

for  transportation« 

Tha  High Voltaga Laboratory will ba divided into thraa 

principal  tast  arassi 

a) Hlah Voltasa Hall 

This  araa   (araa  3 on  flg.l)  will ba davotad aainly to 

all  lig tning  impulsa, switching  iapulss, and powar 

fraquancy  taats  up to 7ISKV RMS. 

Tha  High  Voltaga Hsil  claar diaensions ara  »** x  21« x 

25« H.  Tha.hall will ba subdividad (by atans of a fanca) 

into two  a*allar tast  araas.   It  will ba possibla  to per- 

fora simultaneous tasts in  thasa  two araas at  lowar 

voltages  or on  Basil  tssts  objects. When tasts ara re- 

quired at  maxiaua voltaga  on  large teat objecta  auch 

as  disconnect  switches or  circuit breakers,  the  full 

voluae of the  High Voltaga  Hall  will ba required. 
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A control POO» near tht contro of one wall will torvo 

to control tho two toot «roas or tho completa hall at 

required. Tho control rooi will bo located on tho 

ground floor and an observation roo» will bo situated 

l»»tdiatoly abov«. 

Tho wallt of tho High Voltago Hall will for« an electro- 

magnetic screen and will be electrically bonded to a 

copper earth »at which will be buried approxi»ately Sc», 

below the surface of the floor. 

A ST. »onorali crane will be provided along the axis 

of the hall for the suspension of the voltage divider. 

Two 10T bridge cranes will be installed on each side of 

the aonorail.  These are required for the suspension of 

insulators, erection of test objects, installation of 

bushings, etc.. 

b) Transformer Test Areas 

This test area (area a on fig.l) is located adjacent to 

the High Voltage Hall. 

This area will be used for performing tests as Mentioned 

above »ainly on power transfor»ers up to 200 MVA single 

phase.  It should be noted that this is not the top li- 

ait for transfor»ers which »ay be tested. Larger trans- 

f ornar i »ay be tested by using the 2100 NVA generator 

in the High Power Laboratory aa the power source. 
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Transport«tlon and handling 

Meavy tranaformers will antar tha racaiving ara«  on 
apaoial  cara or floata aithar fro« tha railway or tha 
highway.     Snail  loada will noatly h« dalivarad by 
trucks,  into tha raeaption  araa.    A 150T.  oran« will h« 
installa«!  initially for tha purposa  of unloading  thasa 
haavy loada but tha building atruetura will be  designed 
to carry a aacond 150T.  crana at soae futura data, whan 
traffic warranta. 

Teat aquipaant auch aa regulatora,  auxiliary transfor- 
aers,  coapanaating capaciterà  and raactora for trans- 
fernar  taata will ba located outsid«.    Tha neceeeary 
power for tha taata will  than'ba fad  into the building 
by «eana  of 3 wall bushings. 

c)    Çyropa Room 

A corona roo« 11.5« x 20a H. «rea 6 will be adjacent 

to the Mounting Hall. Thia room is required for 

partial discharge measurements on capacitors, bushings, 

distribution transformers etc.. The corona rooa will 

be screened and will for« a Faraday Cage to prevent 

interferencea produced by external soureea. 

4)    Pollution chamber 

A description of functions of the pollution chaaber 

«ppaara at the end of thia section. 
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• )       Outdoor Test Area 

The  Outdoor Tost  Area (area   1) will bo   und for dielec- 

tric tests on  extremely largo test object« such as phase 

. to phase switching impulso   tosts on high voltage  dis- 

I oonnoct switchea.     It will   also bo usad on long duration 

tost  projects   and  it will  also help  to  relieve  tooting 

loads  on tho  High Voltsgo   Hall.    The   control roo» for 

this Tost  Aroao     will bo  located adjacent to tho control 

1 room for the  High Voltage   Hall. 

| A 10a x 1*»« H.   door next  to  the control rooa will permit 

tho  transportation of test   objects  and  test equipment 

between the  indoor end outdoor test  areas. 

MAJOR  ITEMS  OF   TEST EQUIPMENT 

Tho  following  items cover  the aejor  pieces of teat 

apparatus required by the   High Voltaga  Laboratory.  Appa- 

ratus required   for dielectric testing  and also  for 

acceptance  test« of power   transformers   is described. 

1-    Impulse generator » MV.   200 kJ 

This  impulsa generator   is required  for producing light- 

ning impulses and switching impulses suitable  for test- 

ing equipment for transmission  systems up to  765 kV  RMS. 

The energy  rating of   200 kJ will   also make the impulse 

generator suitable for  performing  impulse tests on 

large power transformare. 
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t-    fTf«l«« «enorator 2 MV. ?» »J 

I This  impulse generator is  •  lightwaight apparatus 
compared to that described abo va.    It will bi usad 
for taata at ralativaly low voltages on luch things 
aa  inaulatora, amali dietribution transformara ite. 
It will  halp to rollava tha  load on tha largir iapulae 
ganarator and it will alao ba requirsd for phaaa to 
phaaa  impulsa taata.    Thia   impulaa ganarator rating ia 
similar to that of tha impulsa ganarator alraady aiiet- 
lng in LCOE,  Madrid.    Thia  axiating inpulaa ganarator 
eould ba easily modified to comply with tha raquira- 
menta  for tha High Voltaga  Laboratory. 

I-    Çaaeada Transformar 1.  2 MV RMS.  IA 

Thia  transformar  is raquirad for dislactric taata at 
10 Mi  and 60 H* on equipment  for tranaaiaaion ayatama 
up to 765 kV RMS.    Tha tranaformar will conaiat of 
S-HSO  kV unita which can ba uaad aingly or with 2 and/or 
t unita  in caacada.  This  givaa a vary flaxibla arrange- 
ment  ainca many  taata will ba made at voltagaa which 

require only one or two unita. 

Tb«  trasformerà will be energised by «aane ofi 

«)       l  350 kVA 0-5 kV 1      voltage ragulitor. 

tea (M)  on drawing 201. 

b)       1 300 kVA 0-5 kV 1      Ma» 60 Hi ganarator, 

tea (Q)  on drawing 201. 
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Til« voltaga regulator «ill bt usad for all tatta 

•t  90 Hi. 

TII« ganarator  (driven by a aynchronoua aoter) will 
normally bt uaad for  SO Hs tatta.    Howavar» by 
changing tht gaar ratio batwttn tht motor and tht 
ganarator,  tosta aay  alao bt parforaad at  60 Hi. 

By having two  indapandant  supplita, difftrant 
eaooadt tranaforatr  arrangaaanta can bt uaad tiaultana- 

oualy in  diffarant  taat artas. 

a.    Voltata dividar 3.5   HV lanulaaa.  1.  2   UV KW8  SO Ha 

Thia apparatus  is raquirad for tha output  voltagaa of 
th« iapulaa gantratora and eascad« transforwart. 

Tha dividar consists  of rasistors and  capacitore 
eonaaetad  in  aariae   and it can ba uaad for  tha «aaaura- 
»ant of wavaforaa varying fro* 1/50 sia to  SO Hs.    Thla 
dividar will  ba suspandtd upsidt    down fro« tht «ono- 
rali crana in  tht High Voltagt Hall.     Thia   tachniqua 
will aava much vsluablt floor apaet. 

I-    Wavtfront  Canacitora   10 of 20 OOP or»   S0O  kV and 

I of »   000  pf.   500   kV 

Thaaa capacitora ara uaad in conjunction with tha 

iapultt gtntratora.  Thay art normally connacttd in 

parallel with tht taat objtct and aro uaad for control- 

ling tha wsvafront duration of tha gontratad surgts. 
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•-    ff.ah,*«.  Free  çrClt»r 600 k« Hit«,   1  000 if 

ThW capacitor  it uaed for «•••urini partial discharge 
and radio  inttrftronco voltaget <*IV)   during AC 
totting with tho cateado trantforaere. 

7-    floanretted Oat  Standard Capacitor 800  kV RMS -  SO »T 

Tnia capacitor utilitot coaprottod gaa  at tho 
dielectric.    Tho low voltage moaturing oloctrodo it 
•laost completely turroundod by the High Voltage 
electrode.    Thie detign providet  t very  atable and 
lots-free  capacitance.    It it uttd for precieion 
voltage aeatureatnte,  celibration of potential trana- 
foratrt,   voltage dividere'end for the aeatureaent  of 
capacitance and Tan/of capacitort,  buehinge etc. 
Thia capacitor will be tuitable for tattt on equipaent 
for tranaaittion tytteat  up to 750 kV  MS. 

•-    Met    Teat  ftpparatut   1.25  -  S «a/aln. 

Thie apparatua  it required for the production of arti- 
ficial rain during twitching iapulee  teete  and alao 

during AC teatt. 

It will be tuittble  for totting objecto et large at 
diaeonnact twitchte  for 710 kV tyeteae.  (See Photo 

No.  20). 

! 
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ftaaiaoraliaad watar will ba »i««* «uta»« ti «ally with 
tha local aupply watar  to giva • ranga •* raeiativitiaa 

for the »i«tura varying fro» approninataly 10A», to 

1I0Ä». 

Tttfl  OM  FOWEK TMIfSrOmH& 

A group of  1-1, 11 MVA,  1$ voltaga ragttlatero will •• 

u««d aa tha powar aoureo for taata  en larga powar 
tranaformara.    Thaaa  ara raquirad for all taata  at 
10 Ha.     If occaaianal   (one« a yaar)  taata  ara  raquirad 
at 10 Ha,  tha powar can  ba auppliad fro« tha ganarator 

in tha High Powar Laboratory. 

Tka following diagraai  indicata! tha baaia taat  arrangi 

•ant for taata on powor tranafomara.     Tha varioue 
piacaa  of taat aquipaiont  ara daaerlbad with rafaranca 

to thia  diair«». 

I 
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WfEi All rwuirewoiit« «r« bM«i on «qulpMfit ntêtoè to tjitii 
200 MVA 1 4 tr««fon»r with HV vindinf for 763 kV with 
a BIL of 2 4 HV. 
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1.-   mm fflf" "M"-•0 "AMSfOMd 

Primary winding)    - 5 kV delta connecte« 

- I MVA at 50 «id 200 Ms. 

Secondary winding!- 20 to 100 kV delta or T contactad 

- ?• MVA at 50 Ha 

- not laaa than t MVA at 200 Ha. 

Thla winding hae a off-load tap changar which parmi Ut 

Dale« conn. 

20 kV 

II atona of 
1 Mo kV 

T conn. 

20   3 kV 

.19 atoo« of 
•3,44 W 

100/    3 kV 100   kVy 

TartUry winding»- 11,* kV colta connected 

- 20 kV   Y connoctad 

- 70 MVA at 50 Ha 

- no apedfic rating at 200 Ha. 

Thla winding will normally bo uaad Y connoctad.   When it boconea 

aeceaaary to have naxlnun regulation fron 5 to 12 kV, then the 

tertiary winding delta connoctad can be need aa output winding 

by a temporary connection to the entrance buahlnga. 
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With full 70 MVA of eoaptnteting captciton on  tht 

tortiary winding, this trenafor»er could perfore o hoot 

run on o  000 MVA 3Í tranefor«tr  for tho 765  VV tyaten 

providing that  tht inptdance of  thie tranaferetr io not 

abova 13%. 

2-     «MOLE  PHASE  COUPLING  TRAHSfOSMEK 

Thla  tranaforntr  it uaed during induced  voltogo toot 

when  it  io neceeeary,   in ordor to •inimitt inter-turn 

etreetet,  to fix tht noutrol  of o Y eonntctad winding 

•t o voltogo not  oxctoding itt low froqutncy  inoulotion 

ltvel. 

It will oloo bo uttd ot • tinglo photo oeurce  fro« ont 

of tho rtgulttora. 

Prinory windings    - S xV 
- 1,33 UVA,  10  and 200 Mi 

Thie winding will have a throt pooition ttlooter 

twitch which will givo an odjuttoblt HV to LV ratio. 

tteondary winding!    -  10,6  - 20 -   2S -  33.3 -  *0 -  SO - 

§0 -  75, 10  and  100 kV 

-  1,33  MVA at  all noeinel  voltagtt 

except  tt  00 tnd 7 5 whoro  it will 

bt 1,0 MVA. 

Thit winding contittt  of •» windingt thot ctn bo conntctod 

ttriot or parallel with txtorior  linke.    It will bo 

nobile on air cuthion. 
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3.-    COHHIHAIIOK CATACITOM 

40 MVA» 

Coon.ct.d A or 1 • oil In pawlUl 20 kV *»•• eonnncto* A or 

•«rallol 1 • will cotifltt of • «topi of 3 MVA» 3 •. 

4© MVA 
-A  

*4* 

1 -   1/3 x 40 x 1/8 

2 -   1/3 x 40 x 2/1 

3 •»   1/3 x 40 x 3/1 

AieMbi «Mil, by chooilng fho tra*« of cooncitioo, ° t0 

40 MVAI 1« «toot of 3 MVA» con bo obtain* ""h 3 • orringonont 

ALO when ooor.tlnt 1 •, 0 to 40 MVA» con bo obt.ino4 In itono 

Of 1/3 x 3 MVA». 
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4.-    CMMIATI« tIACTAKCl 

3 aingla phasa units in s< 

3 MVA1 - 200 Hi. 

tank for a total capacity of 

I 

A, A, A, A« 

r~ 
Ü U 

lift 
C| ct ct c4 

u Lì Li 
i 

Li 
._.J 

i 

lach «indilli is rats* 2,5 kV   0 ¿ MVA».   Thia 

giva tttaaa poaaibilitiaa. 

will 

é   2,3 kV 1  NVA I NVA 3 NVA 

1       1 #   3  k? 1  NVA t NVA 3 NVA 

1 Y       3 é   3 «S * 3 kV 2 A NVA 3 NVA 

j 
f       3 é   3 x 3 kV (3 kV) 3  NVA U NVA) 

i A       3 •   2»3 kV It 5 NVA 3 NVA 

Î A       3 A   5  kV 3  NVA 
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- 2 itti of throo singlo »haso unit« 

- »roeltlon t 0,1% 

- ptiMt ortor ± 1 »inut« 

•)   Ratio.«    1500, MO, 400 

•si    143//i kV to 110/ /) Volt. 

»)    tatto«t    200, 100, SO 

ml    22/^3 kV to 110/VS Volt» 

».- sWBUSÊËSSamL 

- 2 MU of thro« tinti« »h**« "**** 

- »rocUion ± 0,1X 

- photo orror ± 1 «lauto 

Í 

Î 

Î 

Î 

•)   latióos 400, 200, 30, 20 

Ml 2000/3 A 

•)   Ut loot 10, 3, 2, 1, 0.» 

•xi 30/3 A 
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WLUTI°*  CHAM1EK 

In thia ttst  araa ineulatora will ba aubjaetad to high 
voltags tasts whila axpoaad to a aalt  fog atmosphere. 

ly  reducing tho ••Unity of tho aqueoua  eolution uoed 
for the  fog,  tho maximum value  it which tho  insulator 
will not flash  ovtr it obtained.    This  salinity is  taken 
aa  tho critarion of performance,  and comparison with  tha 
raaulta obtainad by natural-pollution taating shows that 
it  can ba taka« aa  a valid guida to tha performance of 

tha  inaulator  in aarvica conditions. 

Tha artificial-pollution method has baan uaed aa  a 
raaaarch tool  for comparativa taats of  inaulatora  and ia 

proposed for usa aa a standard tast. 

I 

HEtCMPTIOH  or  THE  AKTiriCIAL-POL^TIOM  TEST  METHOD 

Tha  inaulator  ia  inatallad in  ita normal working poaition 
in  tha tast chambar aftar having baan  thoroughly washed, 
driad and slightly haatad  in  cloaaly  raproducibla  conditiona. 
It   ia  energised at  its maximum normal working voltaga,  and 
tha  chambsr ia  than  filiad with fog from Jets  fad with salt 
watar and compras.ed air.     Tha aalt-watar droplata  ara 
similar in sise to thosa  in a natural  fog.     If,  undar thaaa 
conditions,  tha inaulator flaahad ovar within an hour, tha 
taat ia rapaatad uaing a aolution of a lowar aalinity.    Tha 
maximum salinity  at which tha  insulator will not  flaah ovar 
within tha hour ia  takan aa tha critarion of performance» 

I 
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tilt higher the valu« the bettor the insulator,    ••CMS« 

the results show toa« ststistieal variât ion,  thr«« 
withstand tests out of four at any  salinity «re tak«a a« 
••tabliahlng a withstand valu«. 

Th« «alt solution shall bo «ado up to th« required concen- 
tration using aains water and nur« dried vacuua aalt.    Th« 
teaperaturc of th« aolution «hall b« kept conatant at 
1I*20°C.     It is eonv«ni«nt to •••surs th« concentration of 
salt by aeasuring th« conductivity and t«ap«ratur« of th« 
solution. 

It is  r«coaaand«d that  th« «alt-solution concentration 
us«d should bs on« of th« valu«»  0.25,   0.5, 1» 2,  H,   I 
and 16%.    Other  interaediate valu«« «ay b« us«d where 
necessary    to distinguish between  insulatora which would 
•th«rwia« have the saae withstand aalinitiee. 

ialt-aolutlon conc«ntration or salinity 

Th« percentage ««Unity i« th« weight «f «alt in aolution 
divided by th« weight  of th« solution and tmltiplied by 100. 



•s 

í 
I 
I 
I 
I 
I 
I 

filattin«. itUnlu 

Tha withstand •«Unity it th« iiniiui salinity of th« 
liquid Making up a fog which tho insulator will andura 
without  flaahovtr for at laaat thrat out of four tait». 

Pollution  toots  ara usually parfornad at normal working 
voltaga,  howavar it was daeidad to apply a factor  of 
1.2S for raaaarch purpoaaa.     Conaaquantly,  tha following 
Tabla ahowa tha naxiaua taat voltaga for thraa syst«« 

volt«gas. 

tyats« voltaga        Ph«s« voltaga        Max.   tost voltaga 

111 kV 10 kV 100 kV 
220 kV 12? kf lit kV 
MO kV 211 kV 2T* kV 

A currant of 1 A ia eenaidarad to bo an aeeaptablo vslu» 
for tha nominal load currant  at  220 kV to ground.     Tha 

! traasforaor rating will thorafora bat 

i   (220 x 1.2S) x <1 x 1.25)  kVA 
t   ill? kVA 

Thia was roundad off to 950 kVA - If 

This transformar will ba fad by a veltago regulator 22 kV- 

110 kVA - 1 phaaa.(8aa Al on drawing 201 and Saeond 

Equipaant Raport» NV25.) 
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iy specifying two priaary windings which  can bs connected 
sithsr in series or in paralisi it will  be possible to 
obtain the  full output  of 3 50 kVA at  either full output 
voltage or half output voltage  and therefor« the versatility 
of ths transforasr will be increased. 

During pollution testing,  surge currents nay exceed 1A 
peak without necessarily dsveloping  into  flsshovers.    It 
is therefore  important that  the regulation of the  transformer 
and regulator should not be so  great that flaahover is 
inhibited by a  drop  in the voltage or a distortion of the 
voltage waveshape. 

Ths ainiaua short circuit  current normally acceptable for 
pollution  tests is I  -  10 A.    Thsrefore,  a short-circuit 
current of 12.8 A haa been specified for ths transforner 
plus supply regulstor. 

The test transforner will be situated  inside the pollution 
chaaber and will be a steel tank design with a conventional 
porcelain  clad bushing.     The surface of ths bushing aust be 
covered with grosse in order to prevent  flsshovers.    Ths 
greass will have to be  cleaned off  and replaced approximately 
once per aonth. 

The  fog ataosphere is produced by forcing a saline solution 
and eoapressed sir siaultaneouoly through a special nossls 
arrangsaent. 
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The pollution ehanber 11 « « 12.1 m 12 • appro«, would 
be auitable for teata on insulator« for ayate« voltage 
up to 3Ì0 kV. For aesthetic niioat tha height of tho 
roo« can bo «aintained to tht sane  •location as tho 
adjacent Corona Roo«. 

Tho required air pressure ii approximately 615 kPa 
(7 kg/c«2).    Thè total flow of liquid  is  approniaataly 
0,8 1/aoc.    Tha total liquid content  of  air is appro- 

itUately  5.3 g/« . 

Duo to tha corrosiva natura of tha  salt   fog, spsoial 
procautiont will ba naoaaitry for tha protection of 
tha walla, calling,  floor »«tallio  fitting!, ate. 

A 2T.  «onorali  crana will bo required  inaidt tho pol- 
lution ehavbar for tha eroction of  taat  objtets or 
far tha auapanaion of lnaulttora under taat. 
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V-   CIVIL  ENGINEERING 

1.       LOCATION   ON  SITE 

1.1 Definition 

A  general   implementation  of  the   future   buildings 
has  been  reached   in  accordance  with  the   contract 
objectives  and   is  described   under   Section   IV.   It 
now  becomes  necessary  to  decide   where   such  a  com- 
plex  should  be   built   or  if   a  site   has   already  been 
chosen  indicate   where   it   should  be   situated  on 
this  site.     Therefore,   this  activity   is   defined 
as   the  location   of  the  buildings   on  the   site   to- 
gether with  related   services. 

1.2 Scope 

This search for the best layout considering both 

present and future total development has to weigh 

the various alternatives in relation to the funct- 

ion of each part as well as of the whole, of the 

environment and of all the services related. It 

requires a knowledge of the land, the movement 

of people and goods, the social impact on the 

community, the personnel that will be affected, 

the industrial and educational implications. 

1.3 Selection   Criteria 

In the selection of the site we are governed by 

the following main criteria: 
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lt3.1     Economy 

Access and «gress  by   road 
Railway requirements 
Earthworks (geology   ft   Pedology) 
Construction foundations 
Other services. 

I 
Í 

Í 

.1.3.2     Operation 

Operational and   testing   requirements 
Topography of  site   and   relation  to overall 
development 
Future  needs and   land   use 
Environment , 

1.3.3     Aesthetics 

Í 

I 
Î 
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Architectural considerations for the  total 
development 
Environment 
Social  aspects 

Availability of  Materials. 

Since  these Laboratories   are to be built 
on   a  university  campus,   we   have  been aware 
early  in  the study   that   the  building  layout 
»ust   be  considered   under   two aspects:   edu- 
cational  and industrial.    It   is believed   that 
the   Architectural  Contractor will  be   in   a 
better position  while   developing the  total 
land   use  plan to   determine   which  aspect   will 
predominate, 
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The  Laboratori«« do not  require th«  archi- 
tectural  treatment  that   might   b«  envisaged 
for  the   institutional  complex,   on   the   other 
hand  the  potential role   of  the   industrial 
development   and  the contribution  of  elec- 
tricity  in   such  matters   should  be   expressed 
eloquently.     A prestige   venture  such   as 
the actual   Laboratories   now   in  their  deve- 
lopment  process   should  be  located   and   treat- 
ed so   that   they  would  be  referred   to  advan- 
tageously   as  an  attractive   landmark   for   the 
region. 

Because  of   a  proposed  expressway  adjacent 
to the   site   we  believe   that   this  objective 
can  be   achieved,   provided  the   Laboratories 
are  built   high  enough  on  the   land   so   they 
can  be   seen   from   any angle.   However,   we   are 
not  recommending   that   they  be   located   in   an 
area  where   they  may become   a   distraction   for 
the  expressway  users  and  an   eventual   source 
of accidents. 

I 
I 
I 
I 
I 

In this  undulating land,   there   will   be   deep 
cuts   and  high  fills.   We   have   looked   for   a 
solution  where   in   their   final   location   large 
portion  of   the  buildings  would   not   have 
huge      embankments   as  background.   Our   recom- 
mended   location   is   in   the   less   undulating 
portion  of   the  land  and   as   seen  from   the 
expressway   the  inevitable   embankments   will 
be  less  conspicuous. 
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1.3.H Construction 

Budget 

Cost of materials 

Services during construction 

Construction period 

1.4   Penerai Layout Plan 

The general layout plan bearing our number «412-001 

which is included with this report does not neces- 

sarily meet all conditions set forth in the select- 

ion criteria.  We would have preferred a more pres- 

tigious location where it is believed the main ad- 

ministration buildings of the Escula Superior will 

be built.  It is riot our intention to discuss this 

point of view in this Building Report, and we accept 

such choice to be wise.  Moreover, less damage will 

result in the total development of the land since 

with the Laboratories on the summit the railroad 

would split the property. This is   very important, 

considering there is a HO   metre variation in the 

contours, and the resulting longitudinal profile 

requirements that have to be dealt with for the 

railroad. Unavoidable deep cuts and high fills 

would have definitely divided the land in two. 

It would have been necessary to foresee some under- 

pass or overpass to permit free movements from 

one side of the railroad to the other. 

Our recommended choice will not cause such segre- 

gation. The selected location offers sufficient 
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•re« for   future expansion  and  caters  well   to  the 
lunediate   needs.   It  will  be  disadvantaged  by  the 
embankments   in  the  northeast   area  hiding  therefore 
a  portion   of   the  High   Voltage   Laboratory.   Another 
disadvantage   is  the  necessity  of  diverting  an 
existing   creek.     It   will  be  of  easy  access   for 
both  road   and   rail. 

After careful   examination  of the   site   topography 
three  locations appeared  possible   for  the   Labora- 
tories.      These  are   shown  on  drawing  «412-002   and 
are  numbered   1,  2,   3. 

Site  No.l 

The   land   on   this site   is   elevating  rather   steeply. 
With  different   elevations   of  main   floor  we   have 
tested  this   site  and   came   out   with   an   excessive 
excavation   between   300   000   and   450   000   cubic   metres. 
At   the  best   building   elevation,   the   railroad   would 
have  been   faced with   heavy   fills,   the   access   road 
starting   from   the   future   expressway   would   have  been 
much  longer.      The  construction   of   the   buildings 
proper would   have necessitated  high   foundation 
walls  as   it   is  not  recommendable   to  build   on  dis- 
turbed  soil   of  fills. 

Site   No.? 

Is the best location on the whole property especial- 

ly in relation to the selection criteria that we 

have already set forth. »It is a prestige site, so 

much after discussion it was decided to abandon it 

in favor of some more prestigious building that 
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will  no doubt   be   built  on  these  premises.   The 
volume  of  earthwork  remains   acceptable,   the  access 
route   is  short   and  the  railroad  has  to   be  a  little 
longer  than   on   other  sites.   Because  of   the  elevat- 
ion   at  which   the   main   floor   should  be   built   the 
railroad  fills   in  the  lower   portions   of   the   land 
will   be  rather   high. 

Site   No.3 
Though  this   location will   not   be  as  advantageous 
on  a   prestige   basis  and  on   the  aesthetic  criteria 
formerly  defined,   we  came   to   the  conclusion  after 
study   that   it   was   the  best. solution   because   it 
offered  the   large   area  required  with   the  minimum 
earthwork,   good   access   and   egress,   and   meeting 
the   railway   requirements.      It   will  necessitate 
the   diversion   of   the   existing   creek.   Should   budget 
permit,   this   diversion  could   be   piped   and   thus 
offer   the   usage   of  another   tract   of   land   20  metres 
wide.     This   in   turn  would   allow  the   buildings   to 
be   moved  another   20  metres   in   a   south-westerly 
direction.   This   move   should   substantially  reduce 
earthwork   in   the   northeast   direction   of   this 
location  but   may   complicate   the  railway   location. 

1.4.1     Roads: 

Our   layout   is  showing   the  roads   that  are 
needed   around   the   Laboratories   only  as   a 
guide.   This  layout   can   be  modified  to   suit 
the   requirements  of   the  overall   area   deve- 
lopment . 
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Th«   road  system  is   to  be designed   by the 
National  Consultants,   it  should  be   of a  design 
sufficient  to  withstand   the  heaviest  loads 
that   will  be  delivered   to the   site   from any 
surrounding expressway,   highways,   roads,   etc. 
This   maximum  load   is   in   most   cases   subject 
to  bridge   capacity.   The   only  place   where 
loads   up  to  the   design   capacity   adopted 
within   the   Laboratories   themselves   will  be 
met   outside,   is   at   the   Outside   Testing  Area 
where   a   direct   connection  for   transfer  of 
heavy   loads  on  air  bearings  will   be  built 
between   the   Mounting   Hall of   H.V.L.   and 
this   Outside  Testing  Area. 

l.*t.2  Watertable 

Being   closer  to  the   creek the  water  table 
may   be   at   a  higher   level  a very   important 
factor   in   the   grounding   of  the   various   La- 
boratories,   depending   on  the   soil   resistivity 
and   the  water  table   grounding  may   affect   a 
very   large  volume   of  earth or  rock.   Results 
pf  boring  are   given   in   Appendix   No.l. 

ltH,2   Future   expansion: 

Sufficient   space   had   to   be  allowed   from 
certain   buildings   or   areas  for   future 
expansion  as  weld   as   for other  needs,  this 
is  why   at   places  we   have  chosen  to   remain 
at   a   distance  from   the   property   line.   The 
distances  we  have   kept   are minimal   and we 
would   not  recommend   that  they  be   diminished. 
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Furthermore it was resolved at a meeting 

in Madrid that sufficient space should be 

foreseen for  the eventual construction of 

a High Voltage Laboratory of 1200 KV testing 

and research capacity. 

l.H.i* land acquisition; 

It «ay be expected that when the expressway 

is built some land residue after expropriat- 

ion way become part of the project's property, 

specially if this expressway is to be of 

limited access. 

1.1,5 Creek diversion: 

In order to minimize the volume of earthwork 

and take advantage of the flatter land, we 

have recommended a deviation of the existing 

creek to a point as close as possible to the 

property line. We recommend, where the building 

foundations will fall in the site of the 

abandoned creek, that they be laid on undis- 

turbed soil. Because of the heavy loads im- 

posed on the foundations there will be a 

great danger of settlement if they are laid 

• on a fill. The diversion should have the same 

dimensions as those of the existing facilities, 

Special precautions are recommended in the 

backfill of the abandoned creek. Material 

selected for closure shall be of a quality 

I 
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ttiat «ill prevent any seepage*  There will 
Always be • danger of  infiltration into 
th«  old bad whanevar  a haad  is  created  in 
the  canal.   Under buildings  it will be 
naeaasary  to  include   drains  and   sump  pumps 
deep  enough to take  care of this  possible 
Infiltration. 
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2. TRANSPORTATION 

In  accordance  with article   3.01  par.   d)   iii)   the Go- 

vernment   is   to   inform  the   Contractor  of  the   standards 

of  road  construction,   bridges,  railroads  so  that  he   can 

foresee  some   of   the  limitations  which  will  be   imposed 

on  the  design. 

In  the  course   of  our  performance   and   to  understand  fully 

the   problems   involved  we   had  to  go   beyond  the   stipula- 

tions  of  the   contract.   Just   foreseeing  some  of   the  limi- 

tations  imposed   on  design   are  not   enough,   we   had  to 

consider  all   aspects  of   transportation  related   to  the 

laboratories,   because   their  operation   is  essentially 

based  on  transportation..  Two  main   modes   of  transporta- 

tion   had   to   be   considered:    a)   railroad,   b)   roads.   The 

maximum  load   to   be   transported   on   highway   is   approximate- 

ly   100  tons:   on   the  railway   this   maximum  becomes   300 

tons.   It   appears   therefore   that   alJ    heaviest   loads 

destined   to   the   Laboratories  will   be   delivered   by  the 

railway  system. 

2.1       Railroad 

We  are   recommending  that  the   main  railway  line 

enters   the   Mounting   Hall  where   the   shipment  will 

be  unloaded   by  the   150-25   ton   overhead   crane.   It 

is   not   acceptable   in   our   concept   to   proceed  to 

testing   and   to  any   internal   movement   of   equipment 

under   test   without   removing   such   equipment  from 

its   delivery  car   or   float.   This   crane   should  have 

for  the  beginning   of   the  operation  a  capacity  of 
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150 tons  with  a 25   ton  auxiliary.     Another   crane 
of  the   same   capacity   can  be  added  later when  condi- 
tions  dictate,  giving  you  the   300  tons  capacity 
of  the   railway  and   of  the  heaviest   load of   expected 
delivery.     The  building   and  crane  runways   are  to  be 
designed   accordingly.   When  ordering  the  second 
crane,   it   will be   necessary  to   include  a  lifting 
beam of   300   tons  capacity. 

Since  heavy   transformers   are  usually  travelling 
on   special   design  cars   of  the   multiple  axle   type, 
which  are   pulled  rather   than  pushed,   it  is   recom- 
mended   that   a  siding  be   built   as   close  as   possible 
to   the   point   of delivery,   so   that   the   locomotive 
may be   capable  of   either  pushing  the   load   to  enter 
the   Mounting   Hall   or   change   its   position   for   the 
long  trip.   It   is  also   practical   to   have  some   loads 
unloaded   at   the  siding,   to  that   effect   it   may  be- 
come  necessary  to   install  an  unloading platform. 
Locomotive   movements   have   to  be   studied  and   turn- 
ing  possibilities   provided. 

The  oil   for  transformers   and  the  oil  system  can   also 

be   delivered   by  rail.   We   have   shown   the  rail   extending 
for  approximately   65   metres  on   the   opposite   side   of 
the  entrance.   At  this   point,   a   door   is   needed   anyhow 
so   it  is   only  a matter  of   installing  the  rails  on 
a   concrete   pad  to   assure   a  better  foundation   and 
extending  the   line   in   common  with  the  road.   This 
extension   may  be  very  useful   in   many   circuir°.tances. 

On   both   side   of the   building  as   well  as  inside,   the 
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railway should be kept on a horizontal profile 

that is 0.0%i in the siding a grade 0,15 to 0,25% 

may be maintained. Where the rails are built inside 

as well as outside on a concrete pad special drain- 

age precautions have to be incorporated. These 

details will appear on the structural drawings as 

well as on the drainage drawings.  Some special 

care will also be required for grounding details 

which are shown on drawings prepared by the electrical 

division. Where pavements abute to the rails, we 

recommend a special rail arrangement so that the 

pavement can be well shouldered and properly tamped 

on edges. 

2.2  Roads 

The proposed expressway to Madrid adjacent to the 

property is of paramount value in the selection of 

this site. It is expected that the bulk of the 

activities of the Electrical Testing and Experi- 

mentation Centre will be road-based. Though we have 

no confirmation on the matter we were made to un- 

derstand that the maximum weight of any object de- 

livered by road will be around 100 tons. 

Because of the activities of this Centre, we re- 

commend that a special access and egress from the 

expressway be built with direct connection to the 

Laboratories and Administrative Building. This system 

can be connected to the campus network if so desired. 

In that case, extra precautions and special signing 

will be required because of the potential danger 

of the numerous high voltage installations. All 
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areas where danger exist» should be properly 

fenced in. 

The road layout we have indicated is functional 

but submitted only as a guide and can be modified 

to suit other requirements. At the date this re- 

port was prepared, we did not have on hand the 

geometric design, the profile and other elements 

of the proposed expressway, which are needed to 

complete a more thorough study. It seems edivent 

I that longitudinal profiles have to show grades 

as low as possible.  Due to the topography of the 

land, it appears that the maximum grade may reach 

around 4%. This maximum is not recommendable 

because of the heavy loads anticipated and of the 

expected low speed on the premises. 

From the main entrance, we have shown an access 

to the outside Testing Area, an access to the Mounting 

• Hall where the roadway joins the railway, an access 

to Synthetic Testing, an access to the High Power 

7 Testing Area and to receiving, an access to the 

I Administrative Building and the adjoining parking 

lot, as well as other service roads. The parking 

I lot should accommodate approximately 50 cars. A 

parking space for 5 vehicles should be included 

1 in front of the Administrative Building for special 

visitors. 

I 
I 
I 
I 

Because of the heavy loads anticipated, we recom- 

mend that roads have a concrete foundation topped 

by tibuminous concrete. They should have curbs 
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(concrete or stone) and drained through gullies 

connected to the storm sewerage system. It is also 

recommended that a good lighting and signing 

system be installed. Some very special effect can 

I be obtained through the lighting of the buildings 

in combination with the road system, parking, etc.. 

I 
2.3   Handling 

* 2.3.1  Foreword 

From what has been said previously, it is 

clear that as soon as a heavy load has been 

unloaded from its carrier, some form of 

transportation has to take over, in order 

that this equipment can be moved around 

for the various tests it is intended to 

undergo. For such movements we recommend 

the usage of air bearings. After careful 

• studies supported by a series of tests on 

platform built specially to that effect it 

was decided that this system be adopted in 

| all of IREQ's Laboratories. This decision 

was indeed a good and sound one. Since the 

I laboratories have been in operation many 

heavy loads have been moved around on these 

I *  platforms and it is considered unanimously 

as the system of excellence working even 

(better than expected. Moving heavy loads 

and positioning them for any purpose is 

a very simple operation. Moreover, all 

I 
I 
I 
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equipment has been ordered and supplied 

on the same type of platform tilth air 

bearings. 

For this system two things are very la- 

portant : 

a) The floor finish has to be very smooth; 

b) compressors and an air distribution sys- 

tem have to be Incorporated In the buildings. 

Outlets are provided at regular Intervals 

everywhere we want to travel and a air 

hose mounted on a reel assures the fle*l- 

bllity of connection between the load and 

the outlet of the system. 

The movements of testing equipment together 

with equipment under test are of the great» 

eat Interest in such Laboratories mainly 

because of the dimensions and the weight 

of the loads involved. At the outset it is 

rather difficult to forecast the number of 

trips, their volume and weight, the path 

that will be followed and the intensity. 

Nevertheless, relying on past experience 

as well as on the objectives of these La- 

boratories, this is not like an industrial 

process or a repititive function, it Is 

known that the system must he ae flexible 

as possible while provisions muet he made 

to handle the heaviest loads expected fro» 

the Laboratories design parameters, 
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| Stich decisioni, «• May well be understood, 

are of tho greatest importane« whan consider- 

I Ing foundations and structural elements of the 

buildings as well as those of supporting sys- 

tems and the cost factor. 

The transportation or handling system is 

I faced with two main components: a) Horizontal 

•ovemnts   b) Vertical movements. These in 

| turn will affect the size, dimensions and 

capacity of the Mounting Hall, the Storage 

and Depot Areas and finally, the various 

inherent services in all other areas. 

2.3.2 Horizontal movements 

The Building Report is based entirely on the 

usage of air bearings for the movement of all 

heavy loads and rubber-tired wheels for small 

equipment. It is expected that the majority 

of equipment to be tested will reach the site 

by road for loads up to 100 tons. The heaviur 

pieces will be delivered and returned by rail 

to a maximum of 300 tons. Because of the lapse 

of time required to complete the test or a 

I aeries of tests on any equipment to be tested, 

it is understandable, as we have mentioned 

I previously, that any special float or railway 

car cannot he immobilized during such long 

I periods as demurrage charges would increase 

tue cost terribly, without mentioning the 

encumbrance of these special unita. Moreover« 

in many caaes, auch 
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ta transformer», they nay be delivered 

without oil, insulator» or other com- 

ponents because of weight or clearance 

limitations.  It is therefore necessary 

to consider that every shipment has to 

be unloaded from its carrier. 

Me will see in the vertical handling 

section that we recommend the usage of 

overhead cranes for unloading and re- 

loading.  There are of course, depending 

on the carrier, other methods of un- 

loading which we leave to the future 

operators.  Whatever this unloading 

method may be, the system of air bearings 

recommended for horizontal movements is 

adaptable to any piece  of equipment 

and offers the versatility that we have 

considered a major criterion in the se- 

lection of horizontal handling method. 

Modular platforms 

It requires prefabricated platforms with 

air bearings, incorporated surge tanks, 

distribution piping, valves and controls. 

The sire of the platform has to be de- 

termined from a small size to an eventual 

combination of such units to form a 

larger platform capable of handling the 

largest delivery.  The design must in- 

elude the possibility of bolting small 
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sections  together.     In  this case, 
connection  for air between sections 
must be   through  a main  pipe and  flex- 
ible  hose   couplings.     A  typical  ar- 
rangement   is   shown   on   drawing  No.   U12-302. 
The platforms   should   be   equipped  with 
recesa   jacking points   so  that  an  air 
bearing  may be   removed  under  load, 
should   there  be   a  puncture.     It  must 
also be   possible   to  remove  a platform 
from under a transformer and vice  versa. 

áir bearings 

Ve  recommend  the   usage   of air bearings 
as  designed by  Aero-Go   Inc.,   Seattle, 
Washington,   U.S.A.     This  company   offers 
a  caster  made  of  neoprene  and nylon  very 
resistant,   a  self  pressure  regulating 
system,   a  centre   landing pad   (see   pages 
89,   90,   91  and  92.      It   can be  ordered 
mounted  on  an  aluminum  plate  approxima- 
tely   3mm  thick.     This   plate   is   secured 
to the   platform by   bolted  flat  bars 
(see  Photo  No.   2).      Some  retractable 
wheels   may  be  added   to   the  structure 
for steering  or  moving  around  when  not 
in  use.      This   is   not   a  necessity   and 
it  adds   up   to  the   cost.     For  pulling 
a standard  shop  mule   is  all  that   is 
needed  with a capacity  of around   2000 

I 
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kilos of drawbar pull.  The connection 

between mover and platform should ba 

rigid.  When moving large objects it is 

recommended to use another machine as 

a holder.  This is an extra precaution 

because if anything should go wrong with 

the puller, by closing the air valve, 

the whole load will immediately come to 

a complete stop. 

From the central air compressor station 

a system of piping and valve is incor- 

porated in the building as described undar 

mechanical division.  The outlets are 

placed at strategic points in every area 

where air bearings may be used.  A reel 

with a sufficient length of air hose is 

! utilized to connect from outlet to plat- 

form and allow a certain travel before 

a connection change must be made. 

Floor finish 

The floor finish is to be very smooth 

as specified under structural division. 

Special precautions have to be taken 

at joints or other similar break in the 

floor from which air may escape and 

deflate the bearing.  In general, as 
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an ««ample,  a pite«  of heavy polytthy- 
ilen« taped all around on the floor will 

be sufficient to go ovar a catch h^sin. 
Whan going ovar rails  a  piace of maaonit« 

I aolidly   taped  on the   floor will  also   do 
tha  trick.     This  system   is  very  flexible 

I as   it   allows  any movement   in any direc- 
tion  and requires   the  minimum of energy. 

| The  old  rail  system   is   very  inconvenient 
aa   it   limits  the workable   area,   requires 

T «ore  energy  for movement,   requires  »ore 
cowplicated platform,   pinpoints   the 
loading  with  the ensuing   structural   and 
foundations requirements   plus  the  ground- 
ing and   shielding  extra   precautions. 
The  slope in  the  floor  should not  exceed 
0,50%. 

Maintenance 
T 

| 
Maintenance  is  very   simple  since  it 
a»ounta  to keeping   the  floors  clean  at 

I all  tine  and  a  revision   of  the   casters 
every  now and  then,   depending on  usage, 
to   remove any  solids   that   may have 
adhered   as well as   oil  and groase.     The 

I pressure  regulators   should  be  checked 
every  six months,   especially  as  water 

t and  oil   are  often  found   in  compressed 
air which may  affect   their operation. 

I 
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Wilfif «r«tf 

The ••me system will «pply for move- 

ments to the exterior of the buildings. 

This means that the outside Test Areas 

have to offer the same finish as the 

interior floors and be provided with 

the same services as compressed air, 

etc.  Special passage and doors have 

been Included in the design to meet 

these conditions. 

2.Î.S  Vertical movements 

When speaking of vertical movements, 

we are faced with two main objectives: 

1) Loading and unloading of goods 

received as well as mountings for 

testing and experimentation} 

2) Supporting parts of equipment or 

components during test. 

In the High Voltage Laboratory nearly 

•11 mountings will be made in the 

Nounting Hall adjacent to the Main 

Testing Hall.  In the High Power Labo- 

ratory, we have suggested several smaller 

mounting areas.  In this last case moat 

of the mountings are smaller than for 

the High Voltage Laboratory.. 
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Overhead Cran«i 

For proper handling, wt have «quipped 
•11 these mounting halls  with  overhead 
travailing cranes.     A list of  these 
cranes   ia  included  giving their  capacity 
and the   various speeds  for proper ope- 
ration.      In  some  cases,   these   speeds 
are dictated  by the  precision  required 
in the   operation.     He would not   recom- 
mend increasing such speeds.     The over- 
head travelling cranes will,   in  most 
caaes,   be  operated  by a  pendent  push 
button  station,  except  for the   150-ton 
crane which  should  be  cab  operated  and 
th«  two   10-ton  cranes  in  the  Main  Hall 
of  the   High  Voltage   Laboratory   which 
•hould  be  radio-operated   for better 
efficiency  and  also  because  of   the 
height   involved. 

1 In  the   Building Report we  have   not 
Included   any   specifications  for  over- 

Ihead cranes   as   these  are   considered 
as  forming part  of  the  fixed  building 
equipment,  which   is   to be   specified 

I by  the   Architectural  Contractor  and 
his  group.     However,   if  so desired 

I we will  put  at your disposal  a  model 
of the   specifications that were  prepared 

I for IREQ  for public  tendering  on similar 
cranes. 
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Besides  overhead travailing cranas, we 
hava monorail»,  jib  cranaa  and  fixad 
points.     Tha  recommended monorail in 
tha Main   Hall  of tha   High  Voltage  La- 
boratory   is  a  vary worthy   innovation. 
Thia monorail   is designed  to hold per- 
manently   the   voltage   divider.     In  other 
laboratories,   this was  done by  an or- 
dinary hoist  as  a fixed  point.     It  waa 
found that  in many  instances the  pos- 
sibility   of moving  this  equipment  along 
tha central axis of  the  Main Hall offered 
sufficient  advantages  to  warrant   the 
expenditure  of  installing  a travelling 
hoist of  the   monorail  type.     The  mono- 
rail recommended in   the   Rotating  Machine 
Hall is   only   for service   on small parts. 
Wa  have   estimated that  it   would  be  too 
expensive   to   install   an  overhead  crane 
of  sufficient   capacity  to   remove   the 
rotor for  periodical   inspection   as 
compared   to  sliding   the   rotor on  rollers 
for this   purpose.     A  removable  panel 
has been   foreseen  in  the  wall  for  sliding 
the rotor  out   and  from where  a  mobile 
crane  can   lift   all   the  rotating  machine 
components  for  expedition   to the  re- 
vision point. 

I 
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Ti mia polliti 

The  fixed points are  conposad of ordi- 
nary rope hoist or chain   blocks of light 
capacity  but  long reach,   installed in 
the  roof  of various  areas   for th« pur- 
pose of  supporting portion  of a mounting 
during  test. 

Besides   these   fixed points,  it will be 
necessary  to  stock nylon   cords  of various 
sises  for mounting purposes.     Though, 
these mountings may  vary   considerably, 
it   is  recommended to   leave   holes of 
10   x  10   cm in   the ceiling   decking at  very 
•  al in   both  directions.      For this pur- 
pose,   the  permissible   load   is not to 
exceed  50  kg. 

Elevator 

Because   the ceiling of the   Main Testing 
Hall  of   the  High Voltage   Laboratory is 
designed   to allow access   by  operators 
for  a number of good  reason,  a  small 
elevator   is  included   for   such easy 
access  as   shown  on drawings   adjacent 
to   the   transformer testing   area.    To 
meet  security  principles   a   stair is 
also  indicated.     These  areas have to 
be   closed  with   doors,   which   should not 
open when  a test is  in progress,  espe- 
cially  in  the  Main Hall.      This  is indi- 
cated in   the Electrical  Section. 
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To  complet«  the handling syst««,   son« 
I portable  tubular platform« will be   re- 

quired,   they   form  part  of the   small 
I equipment,  easily  available and which 

should  be procured   a«  the  needs   are 
Iaet by  the various   activities  of  the) 

Laboratories.      It  will  also be   neces- 
sary to  equip   the   Laboratories   with   a 
self-propelled  telescoping platform 
which  is   very   practical  for access   to 
all kinds  of  mountings  and equipment, 
specially  in   the  highest  areas.     Exam- 
ples  of   this   type   of equipment   are   given 
herewith.     (See  Figure  No.   1  and  No.   2). 

92 

For  the  outside  Testing  Areas,   it  may 
b«  necessary  to utilize  a  crane  to 
complete   a mounting   or  for any  other 
raason.     He  have  found  that  self- 
propelled  cranes  with  telescoping  boom 
are   the   answer   to   this  need.     On   the 
other hand,   they  are  very  expensive 
and we  have  not  recommended the   pro- 
curement   of such machines,  but   rather 
resort  to rental which  should  prove 
much more  economical  specially  when 
you consider  the number of hours  of 
effective utilisation. 
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1-       Election a Tranaforresr  Test Arta  (Artas   Kos  C-lOl 
è   C-103) 

Mo«inai  capacity: 
Main hoist 
Auxiliary hoist 

Approximate speeds: 
Main hoist 
Auxiliary hoist 
Trolley 
Bridge 

: 150 tons 
:     25 tons 

t 1,2 m/min 5 speeds 
s •      m/min 5 speeds 
t 12    ti/mln 3 speeds 
i 25    s/nin 3 speeds 

I 

Corons Roo« (Ares  No.   C-10«O 

Nominal  capacity t       2 tons 
Speeds : 

Hoist 
Trolley 
Bridge 

Type:   underrun 
Operation: pendant   push button station. 

:   2  I 6,5  m/min 
:   9m/min 
:   «m/min 

••       Pollution  Room  (Area   C-102) 

2 tons 

2 1 6.5 m/min 
9m/min 

Nominal  capacity i 
Speeds : 

Hoist : 
Trolley : 

Type:  monorail : 
Operation: pendant push button station 
Special:   corrosive atmosphere  -   totally 

enclosed motor -  gearbox, etc.- 
Stainless steel  track. 
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«*-  Hl«h Volt«as Test Area« (Areas Mos. A-10* I A-IOS) 

2 cranes - Nominal capacity : 10 tons 

Speeds 
Hoist : 1,3 ft 10m/min 
Trolley t 10m/min 
Bridge i 30m/min 

Type: underrun 
Operation : remote radio control 
Grounding very imp ortant. 

For certain mountings often a basket is hooked 
to these cranes from which an operator can work. 
In such cases, extra precautions are recommended 
for the security of the worker.  It may even be 
necessary to hook these cranes on the emergency 
power generator.  So that in case of power failure 
an operator may not be left suspended in the air 
for an indefinite period until power is restored. 

8-   High Voltage Test Area (Areas Nos A-101 ft A-105) 
Synthetic Test Hall (Area No. B-101) 

units - Monorail 
Nominal capacity      ; 5 tons 
Speeds : 

Hoist :  3m/min 
Trolley ; lOm/min 

Type: monorail - low headroom 
Operation: one wall mounted push button 

station at each end. 

*-   Shipping and Receiving Area (Area No. D-108) 

1 crane - Nominal capacity : 10 tons 
Speeds : 

Hoist              : 7 m/min 
Trolley                              : 8m/min 
Bridge                                 : 0  ft  25m/min   2  speeds 

Type:   overrunning 
Operation:   pendant  push button  station. 
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7-      â«i«mbly Room  (Araas Mot. r-10i, r-10?, f-lOi 

H  unit* (on« in each room) 
! S tons Nominal capacity 

Speeds : 
Hoist 
Trolley 
Bridge 

Type: underrunning 
Operation: pendant push button station. 

t lu/min a 10m/min 2 speeds 
: Im/min 
i 8m/min 

fit Cells(Areas Nos. F-1U ft F-115) 

2 units jib cranes - nominal capacity : 2 tons 
Speeds : 

Hoist « 6»/min 
Trolley : 6«/min 
Rotation: manual 

Operation: pendant push button station. 

•-  Main Machine Hall (Area No. E-101) 

Í 
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1 unit overhead overrunning 
Nominal capacity      : 5 tons 
Speeds : 

Hoist : 3«/min 
Trolley : 8m/min 
Bridge : 8m/min 

Operation: pendant push button station 
This crane to be used only for small parts 

10-   Suspension Points 

S permanent fixed suspension points in the High 
Voltage Test Area (Areas Nos. A-10H & A-105). 
These points should have a capacity of 1 ton, 
be operated electrically from a fixed station 
mounted on the wall.  They can be either standard 
chain blocks or still better a nylon chaîner 
cord hoist.  Because of the height, precautions 
have to be taken to prevent rope or chain fro» 
twisting. 
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•«war avpply «111 h« ••• »«It«, t pittata, ••"•• 

• ptraanant finad suspension points of i-ton 
aapaclty ««eh in tha aynthatic Taat Nail (1-101). 
Thss* ara only attachsiants to th« structura that 
•hail ha usad oecaaionnally to attach hand - 
oparatad chain blocks or hoist. 

li- Ons lifting baa» of 20-ton capacity ahall a« 
provided to ha uaad on 2-10 ton adjactnt cranaa 
U tha Nigh Voltaga Laboratory (trata Roa. a-ltt 
I A-105). 
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•i 



I 
I 
I 
I 
I 
I 

MM/kr 
ter maintint •* truck 

NNMfltMl on trailer 

fettarm {i<r+40") «40" 
46" « 40" part extensiWa 
M» I» 14V from matt 
•#ni0laia 300% rotation. 
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TjfPt 

MM III 
-     lilt 
j     IHL/i 

Nlkr 
HIL/kr 
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15s 

1151/$ 
15Ì/M 

f 
M lBL/kf 

M 22l/*r 

4    . ri 

Ctp#otty 

JffUf   I 
N 
M 
IV 

W 
HT 
31/ 
4cr 

710 H» 

It 
It 
22 

4<y ] 
4T   ! 
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7T J 

6*0 ft« 

AN unit« with «ttctrfc értv« 12/24 Volt D.C 

MCn 

100 
104 
104 
107 
107 

11! 
116 
US 
1» 

13« 

140 

MCn 

71x31 
111x32 
118x32 

(60 + 40) x 40 
(60 + 40) x 40 

71x32 
111x32 

(60 + 40) x 40 
(60 +40) »40 

<eO + 40Jx40 

(60-f 40) «40 

inMtoon 

W^^OilSIvH 

•di 

49x104 
49x104 
63x149 
54x115 
73x15« 

54x112 
54x112 
73x151 
73x158 

73x151 

73x166 

TMN 

M0 

with tow bar. 
Witti «olid rubber rollert. 
central fixed platform 

II« 

lit 

166 

3700 
1650 
4500 
6720 
6310 

4350 
4500 
5300 
6600 

6100 

12600 

MM Platform made by   f/j^Mr* 
Want Hoykenkarnp • W Germany 

Figure No. 2 

MM > Platform 

with tow bar, 
with solid rubber rollerà, 
central fixed mast, 
displaced platform, 
rotatable by 360 

MM I Platform 

pneumatic tyres wheels 
with tow bar. 
brake over-run 
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Atvo-Castcrs art modular transfer 
ormi uiod for moving loads 

•ffortleuty. 

Atro-Cacters ara available to 
match any load requirement. 
When used in combinations of 
3 or more they provide a stable 
bas'j for easy, omnidirectional 
movement of virtually limitless 
loads on a low pressure film of 
air. Systems from -500 pounds to 
hundreds of tons are now in suc- 
cessful operation. 

AERO-CASTER LOAD MODULE PER.1 ORMANCE AND SPECIFICATIONS 

HATEO 
LOAD 
(IBS) 

2,000 
3,600 
7,000 

12,000 

20,000 

40,000 

PRESS AT 
CACTI 1 

1PSIO} 

25 

25 

25 

25 

25 

26 

AIR 
FLOW 
(CFM)      WT. (LB.) 

5-15 
5-20 
5-30 
M0 
8-50 

10-60 

I 
• 
It 
40 
•0 

140 

(MA. 
IN. 

12 
tt 
21 
17 

Center landing 
pod supports load 
when caster is deflated. 

Botto.« View 

npale) 

Reinforced fabric 
elwncnt 

Thickness 
•Top Plato  S ^Floor level 

i« -¿'i ','•'•  •• ••'•'•• 
v"^;Mí/-¿, ¿a 

•deflated 

Lift 
1 

Sido View 

THICK. 
IN. 

1 

1 

2 

t 

214 

2X 

UFT 
JSL 
2/4 
7/1 
1 
IK 
I 
S 

AIR 
INLfcT 

KNPT 

XNPT 

HNPT 

HNPT 

HNPT 

HNPT 

Floor levol Inflated 

MATERIALS: 

Top Plates — Aluminum 

Aero-Casters — Nylon Rein- 
forced Neoprene 

Use Aero-Casters to move your 
massive loads with great savings 
of timo, effort, manpower, and 
expense. Costly crone or other 
lift equipment is not necessary 
when Aero-Casters allow on¡¡ 
man to meo many tons with 
slight effort. 
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PLACEMENT OF CASTER: 

For best performance the Aere Caster assemblies should be 
mounted under loads in a way that divides the total weight 
approximately equally. For stability, three or more casters 
arranged in a triangle, or square pattern, is recommended. 
Center of (jravity of load should be as close as possible to 
geometrie center of the caster pattern. If an ec< ?ntric load 
it unavoidable, more air pressure may be applied through 
• simple regulator to the heavy side to compensate. 

FLOOR SURFACE... 

The volume of air required to float Aero-Casters is deter- 
mined by the floor surface. A very smooth floor, vinyl tile, 
tealed concrete, met;:! decking, etc., requires least air. Air 
flow and friction force will increase in proportion to in- 
crease in surface roughness. Cracks and steps in floor sur- 
face should be bridged with common plastic tape. Plastic 
»!~.eet or light gage sheet metal overlays can be used to 
cover rough or dirty surfaces. The substantial benefits : ;d 
savings afforded by Aero-Costers will warrant the upgrading 
of a poor floor surface by resurfacing with fillers or 
terrazza grinding. For unusual environments, please con- 
tact us. 

*-• 

.).• 
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OPERATION... 

The load carrying capacity of the Aero-Caster is directly 
related to the air pressure available at the caster. In effect, 
the Model K21 Caster is an open ended piston with a lift 
area of 280 square inches. At 1 psig, 280 pounds can ba 
lifted, at 10 psig, the same caster will lift 2,800 pounds. As 
the main valve is opened, compressed air is introduced into 
the caster through the air inlet fitting. Air is evenly dis- 
tributed within the assembly and allowed to escape in a 
continuous flow through orifices in the flexible Aero-Caster. 
The Aero Caster inflates, raising the assembly. A thin film 
of air flows between the periphery of the Aero-Caster and 
the floor surface to "float" the load. To avoid dragging 
the Aero-Caster and possible damage, be certain load is at 
full stop before cutting air supply. 

MCVING FORCE... 

Typical coefficient of friction between inflated Aero Caster 
and a smooth, level surface is 0.0U1 or less. For example, n 
2.000 pound load can be moved with a push of under 
2 pounds. On inclined or undulating surfaces, free floating 
casters will drilt to the lower level. 

AIR SUPPLY... 

Aero-C: 'ers arc designed to operate from clean compressed 
air. Air should be supplied to casters through piping or 
hoses of nearly equal length and diameter to assure uni- 
form operation. 3M" IO hose or larger (available from 
Aero Go) is normally required. Smaller hose may be used 
under certain conditions. jfi 

>r,- 

m 
'-•' 

ACCESSORIES... 

Air supply source, control, and distributing devices are 
available separately from Acro-Go. Sources of air supply 
can be plant nir, portable piston type compressor accumu- 
lator, low p. ;sure centrigugal blower or air bottle, depend- 
ing on load and floor surface conditions. Aero-Casters are 
Self pressure regulating systems that may be operated with- 
out separate lino regulators. A slow opening flow control 
valve is recommended to avoid sudden pressure surge and 
to metf.- volume of air for most economical performance. 
In some applications, a quick opening relief vaivi.- may be 
desired to provide rapid lowering of load. Screw jacks, 
clamps or other devices to attach load are available mounted 
upon Aero-C:;ter module. Aero-Go, Inc., will recommend 
and provide complete accessories for specific applications 
upon request. 

NOTE: 
Aero-Go produces complete systems to resolve critical 
material handling problems or can supply you with custom 
designs to incorporate into your product for lifelong 
mobility. 

As progress in air film technology is dynamic, products and 
specifications may be changed without noti.;. 

HOW TO ORDER 

Other Ar:o-Caster sizes, standard transport pallets to fit 
under your entire lord, and units with self-contained air 
source are available. Call your Aero-Go representative. 

•\v.>. 
•V.r. -.'—- .'-';.'   - 

¡«Wf 
¿- .-..-/. ". '.• .'"•'• 

."**-•' • i" * 

tsr:sxwssgssBmaemr 

SOLD BY: 

*•-••••< 
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Though  the sanitary engineering services on tht  pro« 
party are th«  responsibility of the  Government and 
thair agents, wt   think  it  la appropriata to brin«   • 
few special considerations   to your attention. 

,-1     Priant 

Drainage   implies  two   different   systems 
9.1.1 Storm draina 
3.1.2 Sanitary or  Domestic  sewers. 

1.1.1      Storm draina 

I 
I 

With  the  presence  of  creeks or ditches 
on   the site,   there does   not seem  to be 
any   special  problem for   surface drainage. 
Except  that   around  the   whole area   to be 
developed»   the run-off   from paved   areas, 
roofs,  landscaped areas,   should be    col- 
lected in  catch basins   connected  to  an 
underground   piped system  terminating in 
the   main  creek.    All  floor drains    should 
be   connected   to this   system also,   but 
protected  with oil  catchers  (see  mecha- 
nical section).     Some   systems like    air 
conditioning   and humidifying should  have 
their run-off  connected   to the storm 
drain. « 

I 



I 
I 
I 
I 
I 
I 

102 

Ì 

I 
I 
I 
I 

••ltl    ftHiitry «twin 

With   the total  development  of the pro- 
perty there will no  doubt be  some form 
of   sewage   treatment.     The   Laboratories 
tre   not  adding   anything special   to a 
standard form  of  treatment.     There  are 
no   toxic or hazardous  wastes  entering 
this   eystem.     The  only potential   danger 
Is   an  oil  spill   and  since   this   would 
reach  the  floor  drainage  sub-system which 
we   have  recommended  to connect   to the 
storsi  drain,  there   is  no danger   of af- 
fecting  the  sewage   treatment  plant.     May 
we   add that because   of the   difficulties 
often met  in  treatment plants  by   an 
excessive  dilution  we  recommend   fixtures 
consuming  the   least  water possible,  when 
such   fixtures   are   available   on   the  local 
••rket.     Because   of  grounding  problems, 
it   is   also  recommended to  use   a  non- 
conductive  material   for underground 
piping and  provide   some  insulation  in 
the   manholes.     If  a  pumping  station 
should be  required,   all connections 
should also be   insulated for the   same 
reason. 
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The Government will provide  * water of  «n 
acceptable quality  for general requirements 
as wall  as for tasting.     Tha   govarning   factor 
in tha  amount required  is  ganerally  tha   fira 
protection,  which  may require  the construction 
of a reservoir for  such an  area.    The  water 
should  be of the   following quality: 

(Expressed in p.p.«.  unless  otherwise   specified) 

7 units 
20 to 125   as  CaCO, 
0(1 above   natural 

20 

pH 

Hardness 

Iron 

Chlorides 

'3 

Turbidity 
Color 
Odor 
Resistivity 25°C 

less than 5 units 
less than 3 units 
3 (Thr odor No. ) 
Not  less   than  170  ohms/ra 

I 
I 

The  distribution  system  should loop  the entire 
complex and provide,  if possible,  a dual feed. 
If your distribution main  is  to be  of   cast  iron, 
a certain length  will have  to be of a   non- 
conductive  material for  grounding reasons.     We 
will  inform you  in such  a  case of the   protec- 

tion  required. 

The water requirements  and  distribution within 
the buildings  form part  of  the  specifications 
included under the Mechanical Section.     Though 

1 
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eialng and detail »ay net bt  incorporated in 
thaae  epeeificationa sufficiant  information ia 
given  to allow the  National Conaultanta to 
prepare their  final design. 

Ï 

I 
Î 

Î 

Î 
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•»- PROTECTION 

The security of the personnel working within the Labo- 

ratories is covered under Section VII - Electrical 

and under Sections describing the functions of the 

Laboratories.  In these sections are described cer- 

tain minimum requirements for the protection of ope- 

rators during tests and also cover the protection 

for the instrumentation and the testing itself. 

Under this title we intend to draw the attention to 

the potential danger of the whole electrical distri- 

bution and equipment on the premises.  It is customary 

to have the sub-stations totally enclosed by a high 

enough fence to protect the public against any hazard. 

The outside testing areas adjacent to the High Voltage 

and adjacent to the High Power Laboratories will be 

as dangerous to the public as a sub-station.  It is, 

therefore, a sound recommendation to fence the whole 

area and establish a unique point of entry on the 

premises.  At this point, should be a guard house 

where a control would be kept on the movement of 

people and goods. 

The fence closing the area on the whole perimeter 

should be signalized so that occurence of any break 

or intruder would immediately be brought to the at- 

tention of the attendant at the guard house.  Such 

installations have not always been implemented in 

similar laboratories because of a lack of fund.  He 

I 
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ftal this is « poor excuse and strongly recommend 

that son« precautions be taken to guard th« public 

against th« risk of accident inherent to this type 

of electrical installation, the high power and also 

the testing proper.  Explosions resulting from testing 

have sent parts under test flying good distances. 

Though such explosions should only occur within spe- 

cially designed testing cells, there is always a 

danger that they nay happen in outdoor areas. 

Along the recommended fence sufficient signs should 

indicate the electrical danger. 

Other precautions for the protection of operators 

against excessive noises or falling objects will have 

to be taken but these form part of the operation and 

the training that future operators will receive prior 

to start-up. 
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VI- STRUCTURAL 

1-   GENERALITIES 

1*1  Scopt 

The purpose of this report Is to enumerate the struc- 

tural requirements for the various buildings forming the 

Experimentation Centre*  In addition, the criteria for 

design upon which the structural concept has been evol- 

ved is defined.  Sufficient information is contained 

within this report and on the accompanying drawings to 

allow the Government's Architectural Contractor to pro- 

ceed with the design and specifications. 

Each building block within the complex is discussed 

separately.  In addition, special topics concerning the 

complex as a whole are defined. 

The structural scheme proposed is presented in detail 

on the following drawings» 

101- Architectural, ground floor, general layout 

102- Architectural, basement, general layout 

103- Architectural, first floor, general layout 

10H- Structural, MAM and "C" ground floor 

105- Structural,HA" and "C" roof plan 

106- Structural, section A-A,HA" and "C" 

107- Structural, elevation B-B, "A" 

101- Structural, elevation C-C, "A" and "C 

! 

I 
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1.2 

109- Structural, «action D-D and elevation E-E, 
MA" and MCM 

110- Structural "B" and WF" ground floor and 

obaarvatlon deck 
111- Structural, M1M and MFM roof plan 

112- Structural, "D" ground, first and roof plan 
113- Structural, HE" ground and first floor 

11«*- Structural, HEM roof plan 

115- Structural, details, all blocks 

116- Structural, anterior teat yard 

The primary objectiva of this study is to devise a 

•tructural scheme which meets the functional require- 

ments of the complex at a minimum cost.  The two most 

widely used construction materials, namely structural 

atael and reinforced concrete, are used in combination 

to achieve that result. The structural dimensions given 

herein may be varied for the final design in order to 

obtain an optimum result. 

Position of the Buildlnt 

The position of the building on the site is such that 

there is approximately 10m (665 to 675) difference in 

ground elevation from one end of the building complex 

to the other. 

After a study of the recommended aite, the finished 

ground floor elevation has been set at elevation 669. 

(See Section V- Civil Engineering Art.l • Location on 

•it«). 
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i.j    fttntrtl Pfisrlttltfl 
TU« co«pl«ii is divided Uto •«*•• separate area« r«f«r- 

r,d to as block.. Hook. -A- «*4 "C* are reinforced 

eoncrete buildings to the ground floor level with 

structural «tool fra««s above enclosing the eell« and 

roof,  ilock« "•", "D". "E" •«« "F" •«*• reinforced con- 

erete building« throughout.  Tho design of ilock "0", 

tu« offlco building. U loft to tho description of tho 

Architectural Contractor. 

It l» desirable to have a uniform module throughout tho 

building compio*. However, duo to functional reauire- 

MSti in cortoin section areas, it «a« neceosary to 

deviate fro« tho S »etremodule chose« for tho project. 

«ajor «ochanlcal and oloctrieol e<ulpm«nt roo«* oro 

located in tho basement level. In addition, dlroet 

aeeoas is required to certain areas banoath testing fa- 

cilities. Tharafora, eneept for ilock "i", tha ground 

floor otructural system i« accessible fro» beneath, pro- 

viding a basement level. To keep the basement level uni- 

for« and provide just sufficient headroom, some area« 

•ay have to bo filled. 

l.a  lorIHI* 

Tour prelUlnary bora hole« have been completed at the 

alto. Tho result« of tbooe borings ara givo« t» Appendi« 

1. 

Til«  preliminary  result« 'indicate   that   there  are  variée« 

layar« of  sanely clay and  clayey  «««d miwmê »Ith gravel 

I 
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•t too»  lavai« «t  tba  alta.     Til« data  it  insufficient 

ta avenar« a final  foundation daaiga.     Th«   «oil»  con- 
aaltaat  «aggetta  that  «ad Mariai pli«« aay  b« r«e,uir«d 
la ••••  «r«a«.     Th«r«f«r«,  th«  arallalnary   information 

alt««lé   a«  coopl««a«t«d  with   additional  bora   hoi««   •• 

roejalred by  th«  architectural Contractor to  design th« 

«trueturai   foundations  «f  th«  building. 

âa«aa)l«f th«t aa ed«««at« «ail beariag capacity will b« 
available, tba 4««i|n af th« foundation! «hall a««t th« 

fallowing r«t«ir«aontai 

1. Continuo«» «all  footing«  an«   individual   caluan  foot- 

ing1  »ball b«  «••«. 

t. All   feet tag«  ehouid b«  designed for ««aal  preaauree 

to alililti dlff«r««ti«l  ««ttl«a«nt«. 

t.   If  «osslbls,  all  foot inga  should b«  located in  slnl- 
lar undisturbed  «oll  «trat«,   no foundations «hall  b« 

«O   fill. 

«.  To«  r«s«lts of  th«  areltetlaary boring Icfeadule  No.i 

•bo«Id b« «ee*leneated «it« additional  taati uh«r« 

aoeesaary. 

i.  Tn«  rarooo«nd«tIon« «f  tba aoil «aoelaliat «ball ba 

foll«««d. 

• • Til«  s«b*b«ee  for alaba on groé« «ball b«  prsp«r«d 
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and compacted in accordane« with th« live load requi- 

rements and th« recommendations of the toils specia- 

list. 

IK th« event that the additional boringi confirm that 

•nd bearing pilas ara required, it ia adviseable to 

provide such foundations for at laast all the blocks 

that ara connected together.  Differential settlements 

that may occur as a result of having some blocks on 

piles and others on spread footing could seriously 

affect the use of air cushion bearing» to transport 

heavy loads, 

i.«  ritffr »HMD 
The floor topping which coven the structural slab 

throughout the compia« shall have the following special 

aharacteristicsj 

1. Resistant to wear 

t. Resistant to oil 

I, Free of cracks 

a. Hinlmum quantity of conatruction joints 

I, Smooth, non absorbant, non dusting surface 

t. Perfect adhesion with th« structural slab 

T. Oood appearance and minimum maintenance. 

Im ethar aimilar installations it had been found that 

when air cushions are used to transport heavy loada, 

the topping may lift off where there la poor adherence 

and air is forced into cracks in the floor finish. 
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Additional   problemi war«  to be expected where  the 
grounding  expanded copper mesh  is required between the 
structural   slab and the  topping.   He  undertook  to study 
the problem  with special emphasis on  shrinkage  of the 
concrete and  the adherence of the  topping to  the  struc- 
tural slab   which are   interdependent  and  the  most  diffi- 
cult    to control.    The results of this study  are  given 
in  the  following recommendations. 

l.i.l Recommendations 

These   recommendations shall be  followed  when cons« 
tructing the floor topping! 

1. Th«  top surface'of the  structural  slab shall 
be>   rough and  solid.     It  shall be  finished with 
a  wire brush. 

2. All  areas shall be sand-blasted to remove  sur- 
face  laitance.  Those areas  which have  been 
stained or dirtied with  grease,  oil,  mortar or 
other materials shall be  sand-blasted  and 
washed with  muriatic acid  solution. 

S.  The   structural  slab shall be kept humid  for a 
period of at   least  72  hours  before  pouring  the 
topping. 

<•.   The   construction  joints   in  the  topping  shall 
be  made directly above  the  construction  joints 
in  the structural slab.     The number of 
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«•«•truction joints «hall b« kept to * mini- 
ati».   Th«  fir»t pour at  ««eh  joint  shall bo 
«ado  with the *id of «tool  anglo«  anchored into 
th«  structural alab and  oilod to pravont adho- 

• ion  of tha topping to  tha  anglas. 

I.   where  required,  the  grounding copper meeh form- 
ing part of the  Faraday  Cage  shall be  complete- 
ly  inatalled within th«   construction joints be- 
fore  »tarting th«  concrete  pour.   The    grillage 

should  be smooth  and  flat. 

I.   Th«  «ntire area shall  be  given a thorough 
cleaning with air blower«  to r«mov« all debria 

and  «urface water. 

7.   Ju«t  prior to pouring  th«  topping, the  atruc- 
tural  alab shall be  coated with a cement grout 
brushed onto the  surface.     The grout  should 
have   1  litre of water   per   1  kg of  cement.   It 
nay be necessary  to use  cement  powder  in lieu 
of  grout  in  those  areas  having copper  mesh  and 
interconnecting  flat  bars.   (See  Section  VII   - 
Electrical  for design  of  grounding system). 

.1.   The   concrete  topping  should  contain special 
aggregates in order to ke«p  the  amount  of ahrinkag« to 

a  minimum.     The  concrete   strength  should be 
250  kg  per  square  centimetre minimum at  28 
days.     Air entraining  agents and plastifier« 
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I may be usad to reduce the water cement ratio 

•ad obtain • workable mix having a slump of 

I approximately 5 CM.  Admixturas containing 

calcium chlorida or othar chloridas shall not 

Iba used.  Tha thicknass of tho topping should 

ba in tha ordar of 3.5 to <t cm. 

I I. A aurfaca hardanar composad of silica aand or 

tmary should be appliad to obtain a hard» non- 

duating, parfactly smooth aurfaca.  Tha hardan- 

ar may ba colorad if desirad. 

It. Aftar levelling the topping, the application of 

tha hardener and tha topping has sufficiently 

sat, tha surface shall be polished. At least, 

two mechanical trowellings ut d one manual 

trowelling shall ba made with steel trowels 

in ordar to obtain a smooth dense surface. 

i 
i 11. Tha topping should be cured under water for a 

pariod of 15 days in order to obtain aufficiant 

strength of the concrete before the evaporation 

of the free water. 

1 12. All construction joints shall ba sawn and 

filled with an appropriate joint filiar. 

I 
I 
I 
I 
I 

13. A final apoxy finish, though not essential, 

provides more efficient uae of the air bear- 

ings, when applied to the floor topping. 
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1.7     lUU 
There are »any special doors required within tht com- 
pio«. Tho minimus clesr opening »nd door typo is indi- 
eated on tht drawings. Although sons latitude can bs 
admitted in tho sslsction of various door types, sach 
typo recommended best suits tht functional requirements 
of ths Laboratory. Ths specific requirements of sach 

door  typs   is givsn below. 

1.7.1  Slldins doors 

1. Thsss  doors  ars latsrslly tupportsd by tho 
structure at  ths   top snd they nove  on rsils 
•«bedded ih  the  ground floor  slab.   Ths doors 
•hall  be  constructed of  sheet   steel. 

2. Ths  doors  shall be  electrically operated  with 
controls on  both  sidss. 

9,   A psrsonnsl  pass  door approximately  In x  2* 
•hall  bs provided   through ths  doors. 

<*. Ths shielding of the doors when rsquirsd shsll 
bs built of ths same materials as used for the 
inside  cladding. 

I.   Ths doors  shall have adéquats  sound  absorption 
characteristics as  dsfinsd in  othsr  parts  of 
this  report. 

I.   Ths sKtsrior door«  shall have  adequate 

I 
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I suelear reactora, bomb  shelters,  rocket   complexes 
and  othar   placas where  the   protaction of  human 

I Ufa   la  an   important  factor.     Tha  doora   shall 
provida  a   constant  saal against  the passage of 

1 flamas   and   gases   into  the  protected area.   Minimum 
deflection   shall  be  assured   during and   after  the 
blast,   permitting  full  operation  of the   doors  at 
all   times.     The  hinges   shall  be  designed   to  carry 
tha  weight   of the doora only and  shall  not be 
subjected   to blast loading.     In addition  to the 
blast   load   forces preyiously defined,  tha  follow- 
ing  requirements  shall be   included  in the daaign, 
fabrication  and   installation. 

1.   The  doors  shall be   constructed  of steel. 

2*   The  doora  shall be  aingle  or double   leafed  as 
shown  on tha  drawings and  capable of  opening 

1§0°. 

3,   The  doora  shall be manually operated. 

H.   Personnel pass doors shall be provided in  all 
the  large double leafed  doors. 

S.   The  exterior doors  shall  have  adequate insulat« 
ion characteristics  as  defined  in othar parts 
of   this  report. 

I.   The  doors  shall have a  failaafe  interlocking 
Mechanism    combinad with  tha main control desk 

1 
1 
I 
I 
I 
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Insulation characteristic« as defined  in 
other parts of this report. 

7. The doors shall have adequate safety and lock- 
ing devices. 

t.   The door to  the  climatic  chamber shall meet 
the special  insulation requirements as  defined. 
(See the "Second Equipment  Report"  Section HP  IS) 

1.7.2  Vortical lift doors 

1. These doors  are  laterally  supported by  the 
structure.     The  blades are held  in a guide 
assembly resting on the  ground  floor slab.  The 
doors shall  bo  constructed on sheet  steel. 

2. The doors  shall be electrically operated with 
controls on  both  sides. 

S. Personnel pasa doors should be provided beside 
the vertical   lift doors. 

H. The exterior doors shall have adequate insula- 
tion characteristics as defined in other parts 

of this report. 

5. The doors shall have adequate safety and lock- 
ing devices. 

1.7.9  Blast resistant   doors     (See  Photos  Nos. 23  to  26) 

These doors are   similar  in  typo to those  used  in 
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for each totting area. The control desk cannot 

be activated unlees all doors art properly 

lockod. 

I-7-4»   Hilf. h*»if4 $°9T* 
1. These doora aro 3n high or »or«. Thoy aliali 

b« braced and attached to the atructurai 

frano.  Thoy «hall bo conatructod of ahoot 

atool. 

t. The doora ahall be double loafed capable of 

opening 180°. 

t.  The exterior doors shall have adequato 

insulation characteristics as defined in 

other parta of this report. 

».  The doors ahall have good locking devices. 

I.  A personnel pass door approximately In x 2a 

ahall be provided through the doors. 

1.7.S   9thsr goors 

1. îhe snail equipment and personnel doors may 

be anchored to the interior partitions. 

The doors ahall be constructed of sheet steel. 1. 

S. The exterior  doors shall  have adequate 
insulation   characteristics  as defined  in 
other parta   of this report. 
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U.   The doors  shall have good locking devices. 

l.t      Cladding and Partitions 

Th«  cladding and partitions  described herein   and  shown 
on tht drawings  ar«  suggestions  only and may  be  changed 
by  the  Government's  Architectural  Contractor   as   long as 
the  functional requirements  are net.    The following ma- 
terials  are  suggested: 

1.1.1 Exterior cladding 

1.   Blocks  "A"  and   "C   -  Insulated metal   panels 
with  a  baked   enamel   finish attached   to  a   light» 
weight  steel  frame   composed of. columns,   girts 
and diaphragms. 

2*   Blocks   "B",wD"t   ME"  and   MFM -  Brick   or  precast 
concrete  on  the  outside,  block  on  the   inside 
with  insulation,   vapour  barrier and   air   space 
Between.     The  workmanship and materials   shall 
conform  to  the   local  code requirements.   Where 
required  by   the  design,   the walls  exposed  to 
explosions  occurring  in   the Test  Yard   shall be 
built  with  cast   in   place  concrete  walls   or 
specially designed   pre-cast concrete   panels 
properly  anchored   to  the   structure.   Addition- 
ally  for block   "EM,   the   10 meter width   in   front 
of the   Main  Machine   Hall  at each  end   of   the 
building shall  have  removable  insulated  metal 
panels,   for  the   full height of the  building. 



I 
I 
I 
I 
I 
I 

120 

Î 

I 
I 
I 
I 

S.   Hock "0" - L«ft to  the discretion of  th« 
Government's  Architectural Contractor. 

It!.2   Interior partitions 

1. Block  "A"  -  Shielding  and  sound   absorption 
shall be  made  with  perforated and  insulated 
«•tal panels  attached to a lightweight   steel 
fräste composed  of columns,  girts  and  dia- 
phragms. 

2. Block  NBH  • No   interior partitions. 

3. Block  "CM  -  Sound  absorbing double  concrete 
block walls and  single concrete  block  walls  as 
shown on  the   drawings.     The  workmanship  and 
•ateríais  shall  conform to the   local  code re- 
quirements. 

Th«  Pollution   Laboratory requires  special 
precautions with regards to  finishing  and par- 
titioning due   to  the   salt  water  environment 
and  its   corrosive  nature.     The   concrete   floor 
finish  should   be  protected  with   an  epoxy  coat- 
ing  or other   suitable material.     The   floor 
should  be  adequately  sloped  to  provide   the  pro- 
par drainage   as  described   in  Section   VIII.   The 
partitions  should  all  rest   on  concrete   curbs 
suitably  waterproofed  and  protected  with 
•poxy.     The   inside   face of  the   partitions 
should be waterproofed with an  asphalt  base 
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paint in addition to a vapour barrier on tha 

axtarior.  Tha doors laading to tha Pollution 

Laboratory should b« properly sealed and pro- 

tected from the corrosive atmosphere.  The 

ceiling and lighting fixtures should be comple- 

tely sealed and waterproofed.  The ceiling 

support structure should be indépendant of the 

main atructural frame.  All steel elements 

within the Pollution Room should be sandblasted 

to bare metal and painted with a metallic paint. 

All structural elements adjacent to the Pollut- 

ion Laboratory should have an extra coat of 

paint.  The 2-ton crane, support beams and 

ralla should also have additional protection. 

Control Room No. 10 should be shielded as des- 

cribed in Section VII. 

The Corona Room shall have concrete block wall 

partitions.  Due to their height, the parti- 

tions shall be attached to and braced by steel 

frames.  The Laboratory and Control Room No,9 

should be shielded as described in Section VII, 

H,   llocks "DM, "E" and "F" - Single concrete block 

walla as shown on the drawings.  The workman- 

ship and materials shall conform to the local 

code requirements. 

5. Block **G" - Left to the discretion of the 

Government's Architectural Contractor. 
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I      a-  MACK wr 
2.1  principal FuBctloni 

1. High Voltage Test Areas Not. 1 and 1. I 
2, Control Room Not. 6 and 7 

S. Control Roo« for Outdoor Toot Aro». 

i.2  DosUn CrltarU 

Tho structural concept for thia block •»•11 »• baaod on 

tho following require«entsr 

1. Live load equivalent to 7500 kg por equara ««tor, 

•Hoopt for Control ROOMS - 500 kg por square «ator. 

2. Unobstructed floor tpaeo of 30 • « 50 a. 

t. Claar height fro« ground floor to overhead oran« 

nook equal to 25 ». 

a. Tuo 10-ton overhead travelling crane« and one 5-toa 

«onorali to bo euspended fro» the roof strutturo 

(underrun type cranes).  Sin fined anchorage points 

of 1-ton capacity at tho roof. 

I. Tho entire block including walla, floors, and celling 

1 shall for« a Faraday Cage. 

t. The walla and ceiling of the «ain halls shall be 

I covered with a sound absorbing «storiai with at 

least 75 c« of free air apaca to tho outer partition. 

I 
I 
I 
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<•••  •••«•fleti r««.airco*ata U teat loo ¥!!!). 

f.   *•••••  to «11 point«   within the doable  «all  eyet«« 

••  wall  ••  the  colling   apace ehall  ••   poaaible.   Main* 

*••••••  of aechanical   equipment   It required   and   short 

«ircultlng  to tho   Faraday  Cago  during   toata  »ay 

•ecur,   therefore   «11   wo Ida  ehall   be  accoaaibla.   A 

stairway  and elevator   ia  recoMonded.   Laddera  eb«ll 

IMI  provided within  tit«  doable »all  aystea  for addi- 

tional  aecurity. 

I«   L«rgo   door  openings   oro required  to  transport  equip* 

•ont   fro«  tha unloading aroa  in   Hock   *C*  to tho 

lit«   Voltage  Taat   Areaa and  to  the Oatside   Toat 

Areas.     Provide   bracing for thoao  dooro. 

I.   A control  roen with  observation deck   servicing b«tb 

the   indoor and outdoor  teet  areaa. 

It. Various grounding bonoe and nos sur tag bono a should 

bo acLuaaauJatad Mithin the structural ayate* of tbo 

ground  floor. 

II.   Tbo   finished  floor  should  be sswoth  and   levai  to 

M^*it   the  transportât ion  of heavy  loadla  on  air 

••anion«  bearings.   (Soo  lection  VIII   -  bochanie«l 

for drainage raquires>onts ). 

If.   Local  building Code. 
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I •••     |UUMa_£lll£ <••• 4ra>»l«t 14*) 
I« aaaaldoratlaa of  ti«  vary boavy  floor loado,  tba 

largo  floor «root,  tho rani»« dlatribution of  alactrieal 

•A4 Manuring bnaaa  ««4  ttto  uaabatructad colling apaco 
tnat   raawlta,  • rainforead conerete   flat slab   with drop 
Mftaie   ia  receMwnded. 

fr«« tu« »any «aeaible  eaablaatieae,  tho slab   thicknoaa 
•bean   la   14 as«  tba  »otal  drop  tblebaeea  ia as   ea and 

tèa ealaama  ara to  en  aqaare.     Tba a a  diaenalone  allow 

faf a  reeeeaable anewat  of reinforcing atool  and provida 
tba raqelred  abaar  capacity. 

Tna ««tarlar  faaadatloa  walla  ara  a  eeabinatlon  of pi- 

laatara oad  aontaally  ralafaread  boriaoatal elenant». 
Tba oileatori  próvido  a  redaction  la  tbe apan   to the 

flrat   Intarlar aalaw«a   aa  wall   aa  aid   in  tho   framing of 

»•rio«a opeeInge wblab ara required   along tha   oxttrlor 
valla. 

• •4       fMlla  ama  1—f  Caaa  drawlago   141,104,107,101,104) 

Tba  etrwctwral   ovata«  reeeaweaded   baroin baat   aulta tba 
feeetieaal   eaeeete  «f   tba  Nlgb  Voltage  Taat   Nail.  Tba 

baa i a     doatga erttorla  aweb  aa   apaa,   hatgtit,   Faraday 
Caga  «M  erano  lead»   »rm  not.     Conaidoring  tha   building 
41«ana loaa,  a  ataal   a tractaro   io   tba  aaaiaat   and  faatoat 

t« tract.     Tba tatai  doad  load «f  tba etructural  tyata* 
la aant  t« a alalowa. 
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Tht  structure  consists  in  s ssrits  of on« directional 
rigid   frames  titd together,   for stability purposes, 

I with   lateral  bracings  and   diaphragms  at  th« roof, 
eross-bracinge  and trusses  at th« walls.   Th« frames 
are  anchored  at  th« ground  floor level  to large   concrete 
columns  and  are  spaced  at   10m,  15m,   15m and 10m  to 
accomodate  door  openings   and  the  Control  Rooms. 

At  th« roof,   »panning between the  rigid  frames,   th«r« 
•r«  joists  carrying th«  roofing, wide  flange beams 
carrying the  ceiling and   additional  structural  «l«m«nts 
earrylng th«  underrunning  cranes and  monorail. 

Th« diaphragms have a depth  equal to  that  of th«  main 
frame   since   they  also  support  the  roof  decking,   interior 
acoustical  decking and  the   fixed  anchorage points.   Since 
th«  ceiling  space   is  to  be   fully  accessible,  the   acous- 
tical  decking  should hav«   adäquate   strength to  carry  a 
nominal  liv«   load   (200  kg   per  square   metre). 

A secondary  structura  consisting  in   horizontal  trusses 
(i.«.   th«  plan«  of th«   truss  being  horizontal),   spans 
b«tw««n  the   legs  of the  rigid  frames   and   is hung  from 
box  trusses   at  the  roof  level  and  intermediate   level. 
This  secondary  structure  has  the  triple   junction  of: 
firstly,   carrying  the  exterior cladding on  the  outside 
chord  of  the  horizontal   trusses,   the   interior cladding 
(Faraday cage)  on the  inside  chord}       secondly,   the 
horizontal  trusses  being   lm  deep are   sufficiently  rigid 
to transmit  wind  loads  to  the  legs of th« rigid   frames\ 

1 
I 
I 
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•»4 thirdly,  walkways within the claddings and all 
•round th« building are  carried by son« of th« hori- 
sontal tru»»««. 

Th«  elements  of th« main  rigid  francs consist of  trusses 
for  th« horizontal beams  and built-up sections for th« 
lags.     Th«  l«gs  art built-up using rolled wide flang« 
saetions.     Th«  flanges are   tied together with a  w«b 
syst«» consisting of either,  a solid plate with access 
holes,  or latticed bars,   or batten plates. 

Th« proposed structural system was chosen on the basis 
of simplicity of construction, for both fabrication and 
aroction using standard methods and materials} economy 
in using the right details for shop and field connect- 
ions, and flexibility in the accommodation of doors. 
Control Rooms and other openings without affecting the 
main rigid  frames. 

I-        1L0CK "B" 

1.1 Principal Functions 

1.  Synthetic Test Hall. 

5.2 Pesian Criteria 

Th« structural concept for this block shall be based on 

tha following requirements. 

1.  Live load equivalent to 1500 kg per square metre. 

I 
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2.  Unobstructed floor space of approxiaately 10 i x 

25 a. 

t.  Citar htight fro* ground floor to coiling through 

th« «qual to 23 a. 

H.  On« 1-ton «onorali and tin fixad anchorage points 

of 1-ton capacity tach to ba suspended fro« tha roof 

structura. 

I.  Tha flnishad floor should ba smooth and lavai (taa 

Saction VIII - Nachanical for drainaga requireaents) 

to parait tha transportation of aoderately heavy 

loads on air cushion bearings. 

I.  Provide bracing for larga vertical lift door« 

7.  Local building Cods. 

••»  «round Floor (aaa drawing 11«) 

lo access is raquirad fro» tha baseaent lavai to tha 

Synthetic Taat Hall. A slab on fill having a structural 

thickness of 15 ca ahall ba uaad.  Tha alab shall ba 

rainforead with wire aesh.  To prevent shrinkage cracks, 

tha alab ahall be aaw cut to a depth of approximately 

I ca at Intervals not exceeding 10 a in both directions. 

Tha floor finish shall be coaplated aa daacribed in 

Article 1.8. 

Tha foundation walla up »to tha ground floor lavai shall 

fully anoiosa tha arsa of tha Synthetic Taat Nail. 
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t.*       Malli and Koof  (••• drawings  ill) 

Tht structural  syst«» for ths  exterior walls  is s 
•iaple  arrangement  of beses  and  colusms.     However,  du« 
te ths proximity  of ths  Extsrior Tsst  Yard  the  struc- 
turs must  resist  ths  latsral  load  sffscts  of explosion 
pressures  as  well  as those due  to  wind. 

Ths wall along  axis  20  is  shown to  be  cast   in placs 
eonerete.   However»  precast  concrete  panels would be 
acceptable   if  properly designed and  anchored  to the 
structure.      tf  required,  additional   lateral  stability 
•ay be obtained  by building shear  walls  along axes J and 
0 between  axes   II  and  19.     Two  levels  of  beasis   should  bs 
provided  at   approximately  In  and  lèsi above  the  ground 
floor level   to  laterally support  the  colusms  in addition 
te supporting  the  precast  concrete  panels. 

Ths roof structure  is comprised of  sixteen  (It)  single 
•pan prsstressed   concrete  tee   beasis.     The   beasis  srs 
ta wide by   la high.    The beasts  are   seated  on  supports 
comprised of  neoprene bearings  st  one end  and  steel 
•earing plates  at   the other.     The  beasis   shall  have a 
steel plate   cast   into ons end  which  shall  be welded  to 
the stssl  bearing  plate  at   the   support.     Adjacent  beaas 
•hall have   alternately  neoprene  and   steel   bearings.   The 
beses  shall   be  welded  together  at   their   flanges  through 
• teal  inserts  cast  into  the   flanges  at   3«  intervals. 

la sddltlon   to  the  local cede  defined  loads,  the roof 
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I 
I atruaturs ahall support a i-ton »onorali to ba suspsnd- 

•4 «long tha  langth of tha Nail.  Savaral  flxad anchorago 
1 point!  shall ba  supportas fro« tha  roof taa baa«s. 

Tha weight  of tha  wall  bushings  (to ba determined at  tha 
J tina of their purehaaa)  as well as  tha  tanslon forca 

applied to tha* ahall ba  carried by  tha  caat in placa 
j ««aerate wall or th«  praoast concrete  panais on axis 20. 

%•        jfcfCJ T 

• a    »*i««i«ai ru«et|o,| 

1. Transformar Toot Area 

I. Mounting Nail 

I. Coro«a Roo« 

%• Pollution Roe» 

I. Hain Railway Lin« for Leading ««4 Unloaéing. 

*•*    Hilii Çrhtrli 
Th« structural concapt for this block shall ha basad o« 

th« following reo.«lro«entei 

| 1. Lira load equivalent to 7800 kg por aguara «atra. 

I* Unobstructed floor apaea of approximately 25« R IS«. I 
I 
I 
I 

•t Claar haight fro« ground floor to hotte« of erana 
hook ee.ua 1 to ila. 
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I ».     Two  ISO-ton overhead travelling oranti with 25-ton 

auxiliary erano»  to bo accommodated.        Ono to b«   ina- 
1 tallad  immediately and  tha  second,   to be  Installed 

at a   later date.     One   2-ton crane   is required   for 
I the  Corona Room.     One  2-ton  crane   is required   for 

the  Pollution Roo«. 

f 
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I.     Block   "CM  ahould  be  separated  fro» Block  MAM with 
a high  quality sound barrier   (aee   Section VIII   - 
Mechanical  for acoustical requirements). 

I.     Heavy   transformers  and  other équipaient will be   de- 
livered by a railway spur  into  the  building. 

T.     Two  large  vertical  lift  door openings are required 
to permit  the entry and  exit  of  loaded railway   cara. 
Provide bracing for these doors. 

I.     Larga  volumes of air are required  through the   floor 
in tha  Transformer Teat Area. 

I.     The  finished floor should be   smooth and  level   (aee 
Section VIII  - Mechanical for drainage requirements) 
to permit  the transportation  of heavy loads on   air 
eushion bearings. 

10.   Local   building Code. 

***      Oreund Floor  (aae drawing  10*) 

Tha  structural  system  for this block   ia  integrated   with 
that of block  "A".    Several modifications are neceaeary 
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to   accownodat«  soase  epecial requir«»«nts. 

The Traneformar Teat Ar«« requiree   large volueiee of «ir. 
Thie  air  ia  brought  in  through  the   exterior  cladding, 
down   into  the baaement   beneath,   which servea   a  plenum 
and up  through tho  ground floor   «lab on both   aides of 
th« T«at  Ar«».     (Refer  to Saction  VIII -  Mechanical for 
th«  technical requirements).     Th«   datign  shown  on tha 
drawings  ia  schematic  and way  b«  modified   in  accordanca 
with  tha requirements of tha aqulpaiant to b«  tested. 

Tha lntaka arsa ia cloeed off with a block wall. How- 
ivir, th« floor «xhauata must b« covarsd ov«r with ataal 
gratings capabla of carrying th« h«avy floor loads of 
7S00 kg par squara matr«. Sine« th« «ethod of trans- 
portation ia on air cuahion bearings, removable staal 
plat«« ara raquirad to covtr th« floor gratinga. Th« 
ataal platas, whan in placa, should bs fluah with tha 

finished  floor. 

To accommodate   tha  railway apur  which croaa«a  through 
tha building, tha  floor  slab «mat   b« thick«n«d to make 
up th«  loae  in dapth dua  to th«  rails that   ahall ba  aat 
lavai   with  ths finiahad  floor.     Filiar blocka  shall ba 
placad   in  tha rail  alota whan  tranaportlng  equipment  on 
air cuahion    bearings  over tha  rails. 

Tha «Ktarior foundation walla  ire  a coabinatioit of 

pilastera  and wall  tactions. 

I lui 
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*.*     Kalla  and Roof  (•••  drawings 105,10t,101) 

Til« roof end walls  of  Block "C"  are  fransd with built- 
up  coluams and roof  trustas.    Th«  colunni on axis  H ara 

connon   to Hocks  MAH  and  "CH. 

linea  acctss  is requirad within tha  wall systea aloni 
avia  a,   holts nust  ba cut at varioua  lavsla  in tha wab 
alata   joining tha column f langea.     Coluans along axis t 

nay ba   laft solid. 

Tb« built-up colunne  aupport two  ISO-ton cranas with 
tf-ton  auxiliary cranas running batwaan axea  • and F. 
Tha  cranas ara supportad on haavy  plate.girders  apanning 
fro« column to colusin.     Excapt  for  tha  frane  on  axis A, 
all  coluans should  ba  dtaigntd to  carry tha  full  capa- 
city of  both cranaa   working togathar. 

A aaeondary structura  Is raquirad  to aupport  tha  naaonry 
bloek  around tha Corona ROOM and  tha Pollution ROOM. 

Tha  2-ton over-running cranas nay ba aupportad froa tha 

aaeondary structura. 

Tha main  framas ara  bracad with  a  syst«» of diaphragas, 
girts,   trussaa and  hangara which  transmit tha horisontal 
forcaa   and support   tha axtarior  cladding and  roof  systa» 
Tha weight of tha  wall buahinga,   aa  wall as  tha  tension 
forca  appliad to them, ia carried by  the secondary wall 
ayate* and transmitted to tha nain rigid franea. 

I IM 
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I-       Ifcgfii T 
1.1    friiglBil fiitiifit 

1.    Oil Traataant  Reo«. 

Auxiliary Nachinary. 

Motiving and Storag«, 

Hast Ar«t. 

1.1 

Rapair Shop, 

•tor«. 

•«tat  Ratal  and Holding Shop 

Woodwork Shop. 

Pip«  Shop, 

II. Naehanieal Workshop. 

li, tiatrlbiition  Art«. 

It. Nigh  Praaittra Co*ff>raiaad Air  P.000. 

It. Talaphon« and  Intorphaaa. 

lü. Enargoney Qonarater and  lattar? Roa«. 

•aaln» Gritarla 

Th« structural eoncapt af thla block anali ha  »aiad  oa 

tha following r«qulraa>««tii 

I 

I 1*? 



I 
I 
I 
I 
I 
I 

m 

i.     Live load équivalant to  1S00 kg per  aquare metro 
throughout. 

2.     Clear hoight   from  ground  floor  to underside of roof 
structura of   10 m  in paasaga  ways. 

I.     Ona 10-ton ovarhaad  travailing  crana  to aarvica  tha 
. receiving and  atoraga araa. 

*.     Ground  floor  and  first floor,   shall  ba unobstructed 
by equipment. 

I.     Baaement  lavai  shall    accommodate larga piecaa of 
•equipment. 

I.     Tha finished   floor  ahould be  anooth  and level  (sea 
Saction VIII   -  Mechanical  for  drainage requirements) 
to permit  tha   transportation  of heavy loada on  air 
cuehion bearings, 

7«     Local building Coda. 

• .*       Qround  Floor  (sea   drawing 112) 

To achieve  maximum  flexibility and  headroom a flat  slab 
I structural   system   is  recommended.      The  functional requi- 

rements of  this  block   are such  that   two  variations   in 
the   flat  slab  column spacing«   are   required.     The  slab, 
drop  and column dimensions shall provide  adequate shear 
eapacity without   additional reinforcement. 

i 
1 
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To accommodate    tha   First  Floor  Workshops  and Corridor 

I IM 
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b«tw««n ax«s H and   I,  the ragular 7,5« x  Su Modul«  has 
b«en »odified to provide  « 0 « corridor width. 

On« «xpansion joint  in  th«  Block i«  locatod between 
axes   12  «nd   13. 

S.«t      first   Floor  (••• drawing  112) 

Th«  ««cond  level  is required  to provid«  «pac«  for addi- 
tional  workshops.     Th«  atructural syst«*  shown on  th« 
drawings  is  a beam and  slab  arrangement.     Mataríais   can 
b« lifted to or low«r«d   from the first   floor using   chain 
blocks   suspended  fron th« roof. 

In li«u of providing a  first  floor  for th« workshops, 
they   could  be  located  at   the  basement   level.   However,  an 
opening  In  the ground  floor  slab would be  required 
through which materials   can be moved. 

The wessanine in  the Auxiliary Machinery  Room is  a  beam 
and slab system which  is   suspended  from  the roof beams 
with  ties  at   5 m   intervals. 

The exterior foundation  walls span  vertically  fron  the 
foundation   level   to  the   ground floor  slab. 

5.S       Roof   .(see  drawing   112) 

The  roof  structure   supports  the  suspended  mezzanine   in 
Auxiliary  Machine   Room,   the   chain block   loads  for   the 
workshop    areas  and  the   electrical  distribution  lines 
coming  from the  substation  in addition  to  the  local   code 

I 141 
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requirements.    A simple  a«aa and  slab arrangeaent  is 

reeoaaended. 

In th«   shipping and  receiving araa  «   10-ton over-running 
travailing crana  is   supportai on brackata projacting 
fro» th«  coluane.    A  ataal basa apans  fron column  to 

column  to support th«  orana rail. 

• - 1L0CK  »E« 

••*      Frlnclaal   runetloas 

1. Equipaent rooas  for raactora raslstsneaa aad 
condanaars. 

2. Nain  Machin« Hall  for  Rotating Machinas. 

a.f      DesUn  Crltaria 

Th« structural concapt of this block  shall ba bas«d oa 
th« following requireaentai 

1,    Lira   load aquivalant   to 1500 kg  par aquara aatra 
except the Nain  Nachina Hall.     Foundation lavala 
and   structural  arrangaaant  to b«   in accordano«  with 
th«   Rotating Machine   manufacturer*•  requirements. 

I.     Th«   «quipaent  rooas   on  two  levala  are   located  within 
th«   10 a clear height  froa ground  floor to  the  under« 
sida  of the roof  atrueture. 

I.    The  Main Machina  Hall requires  an unobstructed  floor 

I 110 
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•!•«• of «aar««l«*t«ly l— m •••. 

t.     tu«  «i«ar *«l§at  rMnir«t*iit  «f tM  t«t«tl«| H««fci- 
••• ar« t« a« «ceoa«4«t«4 vitela ta« ilataa««  fra« 
taa   foundation  to  tit«  er«a«  a««k. 

I,     EUetrleai  ewrroatt «alea  «««14 a«   l«4««o«   la  ta« 
•trvctur« ky «l«etr«-a>a§a«tle «ff«ct«  «a«U a« 

»r«v«at«4. 

t.     Fro»UIon  .a«ll  a« Mil  far  ta« i»lHM  ••«  ••••••• 
ala« «f wUn «««laawat   fro« ta«  «a4«rtl4«  af 

««M«  aa4  fro« col««««. 

f.     Pro v 14« •«»porti  for l-t«a «r«r«««4  tra««Hl»§ tr«a« 

1« Rala ••caino  N«ll. 

I.     toe«l  *«ll41«t C«4«. 

•"*** "— <««« 4r«»laS Utl 

A aooa «ad slot arra«t«a*at «Ita a «loar apaa af  It • 
la rae«a»«*4«4  f«r  ta« a«rtl«a aot«oo« «a«« • «*«•.  Ta« 
aaa«M«t  «r«« «a4or  tN roa«t«ra a«« «affUloat  aolgM 
««4 «lit*  for  «44ltU««l  oloetrltal o«,»l«*«at.   e*«l«a»«t 
•««•••   t« tho  fc«a«»o«t  la  taro««,* «a oaoalaf  la  tfc« 
floor aa  shoo» oa ta« 4r««laf. 

I« tM  ««la i««aia«  lai!,  a flll-la al«a  la roo.« I r« 4 
««two««   ta«  tw t«t«tl«| aorainoi.    Tao  «fcaa« oa4   i««4 
•«a«tlty «f  tala ala* »111 ioa«a4 «a t*o r««« l roncati 
•f ta«  M««f«ct«r«r «f ta« i«t«tlat MrMaoi.  T%« 
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t«tatl«i »aahlno«  th««a«lv««t   ««««»y tM   full h«lf.ht 

ft«  tN  Hfttn Niellili«   Mil   fro«  th«  ••••••fit   l«v«l  to  th« 

ro«f.     Til«  foundations  ••*  oth«r  structural   «l«««nta   in 

till«  «r««  •!>•   to  »•  d«fln«d   by   th«  «anuficturtr  of   th« 

ft«t«ti«i  NCMMI, 

Th«   foundation  ««11   aloni  «ut«   R  «pana  vertically   fro« 

tlM  f«««4atte«a  to   ta«  grown«   floor.     Th«   foundation 

•Mil  «lo«i  anla  T  ah«U   »•  d««li««d   in  accordane«  with 

th« •••»tiiia   la  th«  ground  floor «la» r«qulr«d  for  th« 

tot«ting  Raen in«a. 

•••      ftflt  fittf  <••• «rawUf  illl 

ft ••«••a  •««IpMnt   1«*«1   la r«««lr«d h«tv««n «a««  P. and 

I.     A ho a« «ad  alai arrang«««at   la r«co«««nd«d with  a 

•l««r  «pea «f   Id«.     I«v«ral  •••nini«  vili   h« n«c«aa«ry 

ft«  th«   aloè   t«  aeeowatodat«   th«   circuiting  of   th«  «l«c- 

trl««l   ««.«tpvoat.     Th«  «la«  a«4   location  of  th«««  open- 

ing« «Hi  h«  d«ft nod  hy   tho  ««.«ipMat   ««nufactursra. 

••I      to¿¿ {•••  drawing  11«) 

I« add It to»  t«  acting a«  •  «h«lt«r,  th«  roof  ov«r  th« 

»«••t«r*   «nd  •«Miliary  «ottehg«ar «111  carry  suap«n4«d 

equipment.     Th«   «dd It tonal   load,   In  th«   order  of   ?S0  kg 

*•»  a«««r«  «otr«,   «nould  h«   vorifWd  with   th«  «quipnent 

•«••facturer. 

fto r«of  over  th«  tola K««hlno  Noll  «ay  h«vo  ««v«ral 

l«rg«   opening«   to  «eco««od«t«   th« v«»tllation  ayato«. 
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•rackets projecting fron the columns support « 5-ton 

' overhead crane which travels th« entire length of the 

Machine Hall. 

•••  EfluiDwent Supporta 

To aid the installation of the suspended electrical 

equipment at the ground floor and first floor levels» 

»• recommend that continuous slotted inserts be install- 

ée in the underside of all beans and on the faces of all 

columns.  These inserts should have a capacity in the 

order of 3000 kg per notre. 

• •?  laaulatlon of Reinforcing Steel 

To prevent the induction of electrical currents in the 

reinforcing steel, the bars aust be insulated fro« one 

another in all slabs and beams at the ground floor, 

first floor and roof level in the area of the reactors 

and auxiliary machinery (between axes R and S). This is 

accomplished by breaking the contact between intersect- 

ing bars.  In slabs, plastic chairs which clip onto the 

bars work effectively.  Tor beams, the contact points 

between bars and stirrups should be broken with electric- 

al tape wound around the etirrups.  This method works 

effectively also where slab reinforcing crosses the beam 

reinforcing.  The number of reinforcing bars should be 

kept to a minimum.  Therefore, larger diameter bars 

should be used wherever possible. 
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1*0 

?- 

?.i 

f.t 

MS* wr 
frinenti rmmlm 

Assembly Rooms. 

Climatic Chamber* 

Nigh Current and Direct Currant Laboratory and 

Control Room. 

Test Calls No. 1 and No.2 «né Control Roost. 

Storage. 

Control Room No.l and Observation Rooms for Enterior 

Taat Yard. 

Mechanical and Eloctrical Equipment Rooms. 

Conference Room. 

n« structural concept of thin »lock shall be baaed an 

ha following requirements» 

1.  Live load equivalent to 1100 kg per square metre 

•tteepti 

•) Control Rooms - 100 kg par square »atra. 

b) Elactrieai Equipment Rooms - ltIO kg par square 

•atra. 
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S.    Cloor holfht   fro« ground  floor  to undoreldo of 

roof structure «quel  to  10 ft. 

*.    Tost colli  «hall riilit  tho enpioelvo effeete of 
OOjUiBftont  äquivalent  to   3  kg  of  T«T. 

i.    Control  Hoona  raqulro on underfioor dlatrlbutloo 
ayatan  for wiring «lollar  to  cooputor  Inatallatlooe. 

t.     Electrical  currents  «hie»  could bo  lndueod  In tho 
•tructure by  «lactro-oa§netle  effocta  abali b« 

»rovanted. 

T. 1-ton ovorhood travailing cranea to bo provided in 
Aeeeably loom and J-ton jib cronot to bo provided 
in Teat  Coll«  (undar-run  typo  cranea). 

t.    Tne flnlehed  floor ehould b«  eneot« and   level  Uee 
ioctlon  VIII   - iechanlcal   for drainage requlraoent«I 
to pomit tho tr«n«portotlon of nederately beavy 

load« on air cuablon boarinf«. 

t.     Local  building Codo. 

f.I      |oo»ftd  floor  («oo drawing  110> 

To eneport   tho »odarately heavy  live  load,  a  flat  «lab 
•yate« próvido»  an aeeneolcal» efficient  and  «l«fl« 
eon«truction arrongonont.    To confer« tbo nao of tne 
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Ut 

•M«« •*  «*•  |r«««4  fl«ar, ta«  a»4<il«  baa   a« «a  a4)uato4 
ta ««eaamoaat« • •• contrai ••rriltr.     TU«   alaa, er«» 

•M ••lumi 4 lacas loas ir«  sveli   that   a« «441tlonal »Mar 
raiaforc«a«at   it r«4wir«4. 

tlM atractur«  ua4«r  ta«  ««iitrol  rt«M   1«   fraa>«4 «ita 
••••a «»4  slabs t« «««aawéat«  aa ua4«rfloor «l«ctric«l 

itttrifcatlaa  ayeta«.    TU« r«a,alr«4  «Me«  a**  a« 4«t«r* 
•IM4  la  aceor4aaco with  o«wi«a>«at   eh«««». 

T%« ralafarclag st««l   IR  tM  «la»  la  thi   Mg» Car M M 
••4 lir«et  Carrvat   Laboratory   aliali   ao  iaawlat«4 •• 
••«•ri»«4   ta  Artici« • .?  «f tal«  S««tU«. 

Ta« r««a4atlo« »alia «fa« «art leali*  tr—  ta«  fa«a4ati«« 
la««l  f  ta«  gr««a4  fl««r. 

*••      fiJWt  ri—r   (a««  «raaiag   ll§> 

ft «««««4   Uvei  aaall »«  »r«TÌ4«4   la   %«• «r««a.     Aaov« 

C««trol   Roa« la. I,  «a oaoorvattoa ar«a  I«  r«f«lr«4 f«r 

ta« T««t   Tar4.    Tali *M  aliali  ••  fr«a»4  ulta a«aas aa4 
•la»«. 

atavo Caatrol taaa l«.t «a •«.«lassât aro« la r«<wtro4. 

tilla ar«a aaalt a« fraao4 alta a«aaa a»4 alate«. A i—r 

— tao Carri4ar aliali a«  ar«vléa4  far  accoaa  af  «quia« 

9*v     liti <••• «>«»la| IUI 

Ta« r«*f  aaall  a« •• arraa«oaaat  «f a a aia  —4 al «è«. TI* 
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•yat«s ahall  ••   eaaaalt of ttinoortiag  th» 5-ton crauti 

waning h«tw««n  th«  roof haana   in  th«  Antnbly ROOMS. 

Tn« othor  llv«   loada thall bo   in   «coordine« «Ith   th« 
l«o«l  buildiug   cod«. 

Various  opening«   in  th« tlaat   «h«ll   •• provided aa   ro- 
«.«irod  for ventilation. 

V.t       îllt  Ctlii  Mo.l   and  Mo.l 

Toaaa colli  oh«il   a« dotigli««  for  tu«  following «ddl- 
t tonal ra^ulrooonta i 

1.     Ta« «atlr«   T««t  Coll adán   »o  cannalo of rtaiatiagu 

•Ithin  th«   «lnatle ttr«tt   limits   of th« notariale, 

th« «ffacta   of   «aploiloni  «quiv«l«nt to  3kg of   TUT. 

I.     Ta« 4«algn  of   tH« Tott Coll   snail  b« aada in  accord- 
aac« «lth   tn«   r«co»««nd«t ion«   giv«n in Technical 

tannai «o.J-uoo "stmctur««   to  »««lit th« Effects 

•f A«ei«-«nts   Eaplotloao",   Superintendant  of Document, 
V.l.  livtraaoRt   Printing Office,   Vanaington,   O.C. 
10*01.     Too   «all  thieknaaaes   fi von on th« drawing« 
•n» no revised  «a r«qwir««. 

I.     Two l«rg«   ennanat venta «hall   he   provided in each 

••11  «né   snail   he eloaed with   hlowout panale. 

a.     Th«  fl««r   sia»  of th« eolla   shall  ho caat «a «oil 
graded «mated   «ton* eenpaeted   to  III »rooter. 

«•«herleg  t«iiti akall a« provided at rehired   for 

I 



la« 

the T««t Equipment.    Tha  reinforcing steal  in the 
floor   slab  «hill b«  insulated at describad  in 
Artici«  6.7  of this  Section. 

I.    Th« d«eign  of th«  aain  doors   to th«  T«st   C«ll  shall 
b« «ad«   in  accordane«  with Technical   Manual Ho.5-1300. 
Th« doors  shall have a   personnel pass door.    Th« 
door   frim«   shall b« anchored   into th« concnt«  at 
th«  sld«s,   botto«  and  top.     Th« fra««s  shall b« 
designed  for 100%  rebound.     Th« door «storiala  ahall 
a«t bo   stressed over th«  elastic Unit.     The door 
locking «echanis«  shsll   be  located  on tho   corridor 
• id«   and declined  so that the  door  cannot   be locked 
with   a   key  uniate   the  locking pins  are  fully driven. 
The  door bearings   shall   be designed   so  that  the 
leav«a   «ay  b« opened Manually.   (Se«  Artici« 1.7.3 
Hast   Resistant Doors). 

'•'     Slim« rtfftl »9il 
This Control Roo« ahall b«   designed for  th«  following 
additional   requlresents. 

1.    The anterior walls  ehall be  capable  of raalsting the 
affecta  of esplosioni   in  the  Test Yard equivalent to 
1« kg   of    TNT within th«  elastic liait«  of the 
•ateríale. 

I.    Th« doaign  of th«  veil«   shall  be «ade  in   accordance 
with   the racoaaeadations  given in Technical Manual 
•a.  »-1Í00,   "Structurée   to Resist th« Effect! of 
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| Accident.1   Enploaiona«,   Superintendent  of Documents, 

U.I.   Qovsrn.ent  Printing Office,  Haehington,  D.C. 
| 20*02.     The  dinenslons   given  on tha  drawing. ..y be 

revieed ••  required. 

I I.     TN walls  shall be reinforced with  pilasters  if the 
If loor and roof «labi are  not  adequate. 

*.     The design  of the  door«   to  the control  roo« fro« the 
t Test  Yard,   shall  be «ado   in  accordance with Teehnic- 
I «1 Manual  Mo.   S-1300.     The  door fra«*  shall be  an- 
I «««red  into   the concrete   all   around.     Tho   fra«es 

•hall be designed   for  100% rebound.     The   door »a- 
terials  ehall not  be stressed  over  the  elastic  liait. 
The door  locking «echanis«  shall be   locatsd  insid. 
the Control   Roo« and designad  so that the  door  can- 
•ot be  locked with s kew  unis., the   locking pins are 
fully driven   (tee  Article   i.T.l -  n..t   ia.i.t.^t 
•eon ). i 
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I.     The obssrvation windewa   ah.11  be sad. of  bullet  re 
•istant glees aet  in steel  frenes «««bora«  in the 
••ile and capable of reaietlng the  forcea  ef the 
••plosion. 

••*       rrUeinal  function. 

i.     Mala Office  building. 
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t.    Offlets  for Reeearehere. 

••*    HiiiB Crlttrli 

Til« etructurel concept of this Block anali bo booed on 

tbe following requirementa i 

1. Live load dut to occupancy equivalent to 2S0 kg por 

•e,uere »otra. 

t. Structural arrangeaient to bo functional to ecconno- 

dato offices, corridor« and aervice arooa. 

I* Total floor aroa to bo deterained fro* tha ntinber of 

»eraonnel. 

a. The aiao and ahap« of tha building aboil bo dotar- 

•load by the Architectural Contractor. 

I. Local building Coda. 

§• Tbora aboil ba no «indotta foclag tha Enterior Toot 

Tord. 

*- «IT  TA1B   i Ml CM  »QUEI» 

1.     Two  Taat   Araaa. 

ft    Aeceaa  fro« Aaaenbly  ftoooe, 

• •    Tr en a f orator». 
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1.2     gtfUn ÇrMtrlt 
The   structural  elenente  in  this  arta •hall »«et  the 
following  requirenenta: 

1.     The  two exterior   Teat   Areas   shall  have  a   liv«   load 
capacity of   1500   kg par   aquare aetre.   All   paasage- 
waya   loading from     tha   Assembly Rooms  shall  hava a 

similar capacity. 

I.     A paaaageway  in  front   of  tha   traneformers   ahall hava 
a live   load  capacity  of. 7500   kg par   aquare  astra. 

I.     Anchorage  pointa   ahall   ba  provided   in  tha   alab   in 

tha   tasting  areas. 

a.     All  exposed   surfaces  encoapassing  the  Taat  Tard 
•hall   be  capable   of resisting  the  affecta   of  explo- 
alona   equivalent   to  10   kg of  TUT without   any  damage. 
Tha  design  of all   structural  eleaents  ahall  b«   made 
In accordance with  Technical  Manual   Mo. 5-1300.   Tha 
area  within  which   theae   explosiona   aay  occur   is 

shown   on  drawing   116. 

I.     irick   and  block   walla   ahall   ba reinforced   with   steel 
plataa  or  replaced with   concrete  walls   aa   required 
ta resist   the explosion   forces and   to  prevent   pro- 
jectiles  froa paaaing   through  the   anterior walla 

into   the  complex. 

I.     Tha   two Test areas  shall ba   separated by  an explo- 
•ion   raaiatant  wall consisting of  ateel   «olitane and 
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precast  concrete or   wood  elements capable  of resist- 
ing  the  explosion  forets.     These  structural  «laments 
• hall  b«  designad   in   accordane«   with   the  require- 
ments  of  Technical   Manual   No. 5-1300.      The   wall shall 
be   at  least  7  m high   and   shall  be built  of   inter- 
changeable elements . 

7.     Th«  transformers  in   the  Test Yard adjacent   to Block 
"E"  shall be similarly protected   by  an   explosion 
rasietant wall   as   described above.     A   fire   wall 
• hall  be built  between adjacent   transformers. 

t.     All  doors leading  from the  complex out  onto  the  Test 
Yard  shall be   capable  of  resisting the  effects of 
the   several explosions  described  above.     The door 
frames   shall  be  anchored   into  concrete  elements  and 
•hall  be  designed   for  100% rebound.      The  materials 
•hall  not be   stressed  beyond the  elastic   limit.   All 
door mechanisms  shall  be  on the   inside  of   the com- 
pia« and  shall  be   designed  so   that   the  doors cannot 
be   locked with   a key   unlets the   locking pins are 

fully  driven. 

t.     Tha  finished  slab  ahall be smooth and   level  (tee 
taction  VIII   -   Mechanical   for  drainage  requirements) 
to  permit the   transportation of  heavy   loads on air 
cushion  bearings. 

10,   Electrical currents   which  could   be   induced   in the 
Test Area slab by  electro-sei.netic affects  shall  be 
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prevented.   (Se«  Artici« 6.7   in  this Saction). 

••*       Tait  Danae«« 

Th«r« ar« certain  dangers  associated with  th« testing 

performed  in   the  Test Yard.     It   is  extremely   important 

that access   to  the   arsa  be  carefully  controlled.   All 

points   of entry must be  monitored  by  the  Control   Room. 

There   is  also   the   risk of  projectiles  being  thrown  to 

adjacent  areas,  damaging  roof  membranes,  cutting   elec- 

trical  supply   lines  and  piercing  thin metal   cladding. 

However,  experience  has  shown  that   the risk   of  serious 

damage   is remote  and  the   cost   of  repairing  minor  damage 

••  it  occurs   is much  less   than   the  cost  of  providing 

fully enclosed  blast  resistant   test  cells. 

*••       OUTDOOR  TEST   AKEA 

10.1     »riBClpal Function» 

1. Test  Area. 

2. Access  from High  Voltage  Laboratory. 

It.i     Dasiin Criteria 

The structural  elements  in this   area  «hall  «Met   th« 

following requirements! 

1.     The  Test   Area   ahall have a   live   load capacity of 

7S00 kg  por squar« metre.       Th«  passageway  leading 
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I iwm tita Nigh Voltâg«  Uaaratary •hell ha»« a 

• latilar capacity. 

I 
I«  Aneheraga pointa and a neasuring bo« shall ha pro- 

vided la the slab in the Tasting Area. 
I 

I.  The flniahad slab than b« snooth and lavai (nee 
I taotion VIII - Mechanical for dralaaga requirements) 

ta parait tha tranaportatlonof heavy loads on 
! air aaattlon bearings. 
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C«««r« f«#  tM  t«tti»f «f «««1 •«>••« ««ft«tfê«tttr«4   »y t»« 
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«f   %•«••  SU««   •«•!!   f««4   •»•  ft«4i««  r«««r-»«41»«   V«tt«§t 
f««t Ar«« tt»r««i> •  ««t «f  ihr«« »UfU »h«»« tr«»«f«r«*rt 
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§«t «f tfcr«« tt«§t« »fco« •»•*<  «tr««tt tr«»«f*r«+r«.  fi« 
•«••? tt«« tlHitt #««4  t««  IH IV/tl IV ••••UU««. 
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rtM tt« KV itrlil  il«« M« ti MI «4  la t.l til« 11 fa«* 
tv«  it  RfA.,  taraa  paaaa  traaaffaraara,  ft RV aaa- 
aa>4ary.    Taa fir at  traaafaraar aaail  aaaaly taa 
••raal   liaa Caa «aitata 4tataraaaaaa) aatla taa 
ataar than aaaaly *»• *••* U»« InniíilMi 
aaltafa Ilataraaaaaa).     ali aJacaaaaat  ••liti»«», 
^••Nri aa4 aaaaaaartaa ara «li««« •• travi»* 
V«.   ttl.    fl iaaal   aaatral raaa aliali  aa ••Ut  la 
taa taaatatlaa. 

t.t.t   üü t? IT Ht 
ft* »ala ti Rt 0at4aar saaatattaa aliali M •# taa 
traat aararaaf aatal  aaalaaaa tvaa.     **• aaraal  Ita« 
•f  taaatatlaa  aaall  aaaaly taa  aat  af  taraa »«téaar 
!••• Ufi ttafla aaaaa ragni «tari,  taa taa lit Ita, 
alafia  aaaaa rafal atara»  taa 1,1 ffVA  tliraa raaaa 
taw»tartara,  ft«  V/tt« V.  •aaaa4aryt  aai aaa 
a#a it« taraa aaaaa  traaataraar,  Me/Ma t.  aaa- 
aa)4ary.    Taa ta taraa traaafara>ara aaall faaé a 
aaalcl« »alca atll   fa a*  taa llfattaf,  aaaar aatlata 
me raaaataalaa«  ttaattaf,  «Ir  aaa41ttaataf aai 
aaatilatlaa.     Ta»  firn  taa aaall  alaa faa4 taa 
••»aa4ary taatta§  aalata  aaa taa  taralaa faaatatar. 
f>taalalaa aaall  aa a*4a  ta taa4 taa  tatara 
tftlvaratty Ca a tra   at   tí • ¥.     Taa taat   llaa aaall 
faa4    taa taa  fit«  WA aâart  airaalt  aaaaa It y 
ratât lai aaaa I aa a,   taa 1 N?A taraa aaaaa ratât taf 
•aaa taa aa* tâa  Ma RVA atagla paaaa  rat ait ai 
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mé üM üifi« e»rMtt-tlMtt c«rt«tt t«tt *•"•• 
(It UtA  ttt*rt   tlrtift  tft»««lty). 

ft  tit MM •>•'•<•<  »M« ^Ml  twlttk  tMII  M 
ftM*lM*   MtMM   tM   *••*•!   litt   •»*   til   !••!   llM 
!• •?#•* t« t«Mly IM MrMl Hu« fr«« IM  IMI 

IIM It #••• •# trMtffMM» •* M»IIUr? t«*lt« 
tut féllMt.     It tMII tlM M  MM IH« *•   '••* 
tM ttt  tf  tlN« MtM«r  !,•• if A tlft§l« *M)M 
p*f»Ut*rt fM* Ik« t«tt UM ittffltf M»«ll«l 
•taflt »Mt«  «»«MUM tf  tMM  r«i«l«t«r«.     All 
liNMiMtt, tMifcr««» wlt«Mt, MttMrt Ml 
•MtiMrtM •#• tM«* M tr«»lft« M.   iti. 
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IM   ttt  tf/tt   ••   IWMllIlt,   IM   ••  ft   •! 
llMt  <MfMl   11M  M*  tttt   llM>   tMII   ItM   IM  fttU 
ft it tot «Mr MMtalltt !•«•*•«  tt  IMlttt«* M «M>»Ifcf 
tt.   ttt.     ft tM <wt MM, rlfl« t.t.C.  ••»««!*•  M 

fcUt tMf»»ttMt  tfM  tIM» t«M«iiti »•••«••4   It tMi«rttt, 
tMII  M MM.     ttttrtH MftMMt   tMli  M prmitêmê  #•# 
«M MlIIM •*  ••*!•§.    MlvMlMé tttftt PMM tMII  M 
iMttlUt   It   IMM   HMllll,   *•*•*   «•   •»•»!•#   M.    •••• 
t»Mrfr*M4  tl It  IM«U<»4, MUIéM iHln  «f •<•!••«• 
Mf*tltf   tMII   M   iMltUté   It   IM   iMl   MM   fM   M>M*I 

t«tt   llttt. 
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ilttrlMUM (Htrti 99 tM Mil M«t4lN ••»IMI 
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•hall  »• »i«vt««i  f«r »«w»r «tttrUtiU««  •• 

toil««««« M 4r««lR|t.     »ittrUvitl«» ««atr«  f«r 

tfe«   ««t  «f  tkr««  «nt4««r   1,13   UVA  tingi«  eh««« 

NfiUtiri,  distribution  c«fttr#  f«r  ««Miliary 

t««tl«g  trihifenitr  •««  «Ucemitet   twitch  e«»lel« 

f«f   th«   I   NVA  tr«»»for»er»   f««4i«g   th«   tv«  9100  K?A 

r«t«tU|  iKhlMi   »Hal)   »•  «f   H«  w««tlt«ri»re«f 

Mt*l   «»clo»»4 t«M<     âll  Mhr 4ittrU«tleu 

«•»tr«a  a*«n  »•  «f t««  »t««4ar«   l»«««r ««t«! 

«••1«»«4   typt. 

»•   t      t«#t    f»lt««««   ti,trl|nit| 

?»•   t«at   v«ltag«»t«»li9g fcy  •••  «f  «a«  ««« 

•If   fcfâ »lnglt fli«»« rtiyiitin,  tfct  1  »f*  tir«« 

•»•»•   r«t«t!ft| HtMii   «ni   tu*  m Vf«  «Infi« 

**«•#   r«t«tl*f HtMii   »h«!*   »« »r«tgM   t» »ta 

»rl»~*v  t«««t»f ««lut«   l«€«t«4 ••   i*4it«t*4 •* 

•>•»<»g» •«. ?ti MI i«. iti.    n# ltM *»H#i#i 

mufiimé  »y   «h*   ««t  «f   tltr««  e«t«>#r  1,1*  Vf« 

•Iftgl«   »»*»•   rf|Ui«nrs   ttt«   1   »VA   für»«   »**•« 

»•tfttiftg   »««Kl»«   «*4   <*•   )   jet   »VA   iMrtttkh 

•«••«(«y  r«t«U*c «*#*!«••  «|,«l i  »«  »r««c»t   «• 

M   N(4*>r   t«H«tt  «HUt.  «lu   f„«   tft»   Millttrv 

«••Il»g   iMMturwr,   t*«   |,ft   »Va   «tilgt«   ili«»« 

t««t   tf«»ftt«r»*r   «M  t»«   *rt»*ry  Tattiitg   rt»|»t*. 

I«  »é«HU.A,   t»«   *«•  >Jt>©  i«g  «ii^rt   tir««ft   •••«•ity 

P*tMt*|  M«*!»»*   »un   ti#*   f|l#  T#f,   f-M§  i#t   j 
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•1*11 face taa al** «aUaa» aaUwtta« tMt traniforaar. 

Oatéoor «aataararaaf «M   lataar «t«a4ar4  but iaatt 
•»4 aaaaaaarlat »hall  »a  «••*  »MM  capacititi 
larger  titan  too «apt.,  at   IM raita  ar« aaaiai. 
La« I»»a4aaaa IIMìIM 9r «aaaar »ara»  vaatUata* 
Mia iaata  aliali aa at «4. 

Alaalav« «aal« traya a»4 aaaaaaarlaa «»all  a« 
aravi4«4   la  ta« aaaasaat  far all  taa tflatrlaatla« 
aaa«r  cafclaa  aa4  ta« aaatral  aafclaa.     larri«r§ 
aèalì   aaparat« taaéactart  af ilffaraat  ayata« 
raltagat.     Cta« yaata Ma.   %). 

t.*. • imi 111 
t.«.1.1 

ititi falraataa*  tar*a4«4 ataal  aaaéatta 
•IMII »a ae«4   taaUa ta« a*ll4t»s taary- 
aitar*  i*  ya%r»*  aaacrat*  »laM(  ««Ila, 
giriti»»,   la ta«  taaarat« flaar  t«»»ifti 
aai  la araat r«a«trta# ••piatta*  t>raatt 

•«•t*«»****«?,  va«>arf»ra#f «»«1 »at»t't»*«*t»f 
teat«Ilativa.     AU ata«»  a*a-tltr«*««4 
aa»4vit»  »»all  a« »#l».*t*«4  tta«t.    far 
tfca taaaattlaa  ta a«t#r*  a»4  »ttt«r 
«tiratta* ff«lf«aait   ItaaJi  tlfit   MM- 

tila #a»4*ttt  *mê aaaaaaatlaa  aiaII aa 
•aa4.    Ilft« r.V.e.  tf*ly«t»yt  aitarle«) 
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««Malta  »Mil fea aaa4 It ««a-taaaalai 
«•»•tara  •••••.   TMi«  ••»••  ara  r««« 
••«. t-itt, t-ioi, r-ooi, Mil, r-n%, 
r-lll, 0«t4aor  Tait  Tarit »a.   1  «ai ••.*. 

• ••*•••    e—»âlMlta   fay  M»^rt»r  Palai 

«•Matta   ta Nif» Talt*§t *««t Araaa l«.l 
NéN.li   ta Riga t«lt«|« O»ti«or Taat 
araaa a»4   ta Syataattr Taat  Mall  «aai 
far «aaatal aaaaartag caalaa aaall a« af 
aa»»ar<     Claavfeara,   taay aliati  »a rlgii 
galvania*4    ataal.     Eatra«« aara  aa««14 
N  talaa  la »rear ta »r«*a at g«lvaata 
a«rmlr« act«««« ta«  co»aar taaialta 
••4  tila   a>a*i»Mra»»*t «aaa».     ta »a» aaaat 

fa« galvaaliti  rtgli  at»al  aa«i«ltt 
»•aalag  tfcraag* taa Out4aar  Taat  Tari« 
fta.l  asá •#.!  abati  à«  ta aaata*t alta 
ta« ara-1«««Mag armatura   la taat  aaaa. 
Ali aa»4*ttt a«a4 frr »aaattg ta*at«l 
••aaartftt aaataa aMU  a«ra ail   taatr 
•«•»lt«§ ««liai ai a »lalaw» •*   tkraa 
••Uta •• aata ali«  ta aa««ra a  «rrfaat 
grraaitag taattaattf. 

»••••   ÉUMà-àÊàS?ïMM- 

•Irr»  «ai »«aiaa  aa«il  M a»  r««aIrai af  ta« 
»•«4 a  «aar«« tar tat It».     Alt  • if a «4 atfMr ••ttAga 

» ««»Ira aaatt  »a aitatiti aa4 ir««a4«4 at  arta 

•*tr*»lt taa. 

I 
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• •«.f 

fit »«It    "•••••al"  (avalle utility a#«ar aaaree) 

•vtlat  raceataclea  aliali  fea ar«vl4e4  taratigli out 

tb« »«Hung  to giva  tli*   »aaalallity •* cannectlag 

•laatrical  an4  aechanlcal   ea,uipaent.       ltd  volt 

*••*>•• 1-Eaargaacy"   (auallc   utility  aovar   »onre« 

•r «targate« gaaeratar »©war aaurc«)  aatlat 

roaeataclea  alian   alte »a   aaaallad  at  41ffereat 

¿••at lana  aa   Ia4teata4  ••  4raviag No.   til. 

taaaat   la Ca»trai   *••• *a>.   ».  aatlat  raeaataela« 

•IM 11  ka  aravl4*4   i»  larga  gnaatltlaa  la  ali 

Cantra)   Raaa>a|  a •lalawai  af  twalve  "•armai" 

•«fiat   raeeatacWa   M4   a   aiata)*« af   twalva   laealal 

tit »alt     iaalataé  «ai  rag*lata4 outaat   an tlat 

r*aaa«aalet   anali  »a   iaatallai aa a «triag  traag*. 

i —  alata Va.   li). 

•«fiat   ricattaci*»   alta   »70 »alti  **«r«al*   «n4 

ttt aal ta   laalatai  afta  regalata! tutaat   (««pallai 

*f ttt  V.   rag*»««*»»)  aliali  alaa »a  arevtied   la 

•••aarlag «•»•*   iaatellei   la tfca Riga taltaga  Taat 

Aree»  «a.   1  iM It.   I  aai   la Higa Valtaga  0«tia«r 

taat  Ai aa. 

P*««r   aatlata   far   t»e  ea>«.«aeti#« af   »ti  v«lt» 

• laatr u   ea,«taa»M   aliali   a»  *r#«i4*4  aaar  «ari 

»••••a»   ta iM^i   I» ««aatieat.  Mar»,   taat   araaa« 

#•«4»»*   ta ta»  »trial»»   «*t  aaatlUry  traaaf#rWN| 

••a a  alia  at  Higa  Val tag*   f^M«*»-  Caatral   **>•• 

••4  la  «11  ataat  t*««tl«a  aa  U4tc«ta4 aa iiaaiag 

•a.   tlf. 
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a.*.•     Special  Power  Outlatt 

Special power outleta  and  sources  shall ba  pro- 
bidad  for motors, doors,   crânas,   elevatore, 
pumps,  air conditioning  systems,   vtntilatlng 
ayateme,  heating système,  etc... 

2.*.t    Concrete Bases 

Reinforced  concrete baees  shall  ba built to  sup- 
port  all metal enclosed  cublclea,  tranaformerà 
end outdoor  electrical  equipment. 

2. ft    Direct  Current  Power  Supply ' 

Direct   current power supply  shall be  provided for  the 
operation  of  circuit  breakere   and  control  système.     This 
D.C.   power  shall  be   supplied  by   92  ventilated  accumu- 
lators,   high  performance and   low resistance  type.     The 
nominal  voltage  of   each cell   ahall  be  between  1,2   volta 
and  1,9  volts.     The   float  voltage  shall  be  between   1,»+ 
volta   and  1,5  volta.     All  the   accumulators  ahall  be 
mounted   on racks   separated   from  the  charger.     The 
charger  ahall  be  of  the  conatant  voltage  automatic   type. 
The output  voltage   of the  charger  ahall  be  regulated 
for  load  and   input   voltage  variai ione.     Two-rate  charger 

shall  be  provided. 

2.6     320  Volts   Regulated   Voltage 

220 volts   isolated   and regulated  output  voltage   ahall  be 
provided  at  different  locations  as   indicated on  drawing 
No.   212.     This  regulated voltage  ahall  be  supplied  by 
regulators having an output  nominal voltage of 220 volta, 
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adjustable fro« 210 volta to 230 volta. Tha output 

voltage ihall be constant In a rang« of 100 millivolts 

R.M.8. for any input voltage OP any lagging power factor 

of 1,0 to 0.  Tha time raquired for voltaga recovery of 

80% of maximum davlation shall be 30 millieeconds. 

Thaaa regulatora ahall ba fad by isolation transformar. 

2.7 Emergency Generator 

A diesel driven atandby electric generator aet shall ba 

uaed to provide adequate emergency lighting in rooms, 

corridors and other locationa and other loada aa shown 

on drawing No. 212. 

Upon power failure, pilot, devicea ahall atart the emer- 

gency generating aet after a time delay of 3 seconds. 

When the generator reachea-up 90% of ita nominal voltage, 

an automatic transfer switch shall transfer all "normal- 

emergency" loada on the "emergency" power aide.  After 

a time delay of 20 minutes when normal power is back, 

tha automatic transfer switch shall transfer all "normal- 

emergency" loads back on the "normal" power side.  The 

electric generating set ahall continue to operate for 

10 minutes minimum, to permit engine cool-off.  A teat 

puah button ahall be provided to permit weekly testing 

of 20 minutes duration with loads.  Besides feeding 

"normal-emergency" loads, the emergency generator ahall 

alao feed "emergency" loada. 

2.1 Teatine Pointe 
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*•••*    rrlwarv Tasting Folntt. Control  Cubicloa and 
Control Desks 

Theae  primary  tatting pointa  ahall conaiet  of 
•otal  enclosed  cubici«« with  front hingad door« 
and   raar bolted  panala.   (Saa  photo No.   •).     All 
tho  toating pointa ara connactad  in parallel   to 
tho  regulator  and auxiliary «achinas with  spacial 
"T"  connections.     The  coppar bua  bara   ahall  ba 
non-insulated with  silver  platad connections. 
Tho  grounding bus bar  shall  ba  of sufficient   ca- 
pacity to  austain tha  short  circuit currant.     It 
ahall  ba  continuoua   in  all   section«. 

Each  section shall consist  of a  disconnect   awitch 
(with  a front  obaarvatlon  window)  and  a connection 
cable   aection   (with  two punctual  contacts on   each 
pola)   where  the   copper  hook  will  be  inserted. A fibre 
rod    shall be provided to hold the hook end a wood bar    to 
prevent  the disengagement  of  the   hook   if tha 
cables  are  pulled  out.   (See   photo Ko.   9). 

Three  access  doors  ahall  ba  provided:     one  for 
tho   acceas  to  the  disconnect   switch,  one  for   the 
connection cable  section and one   small  rocking 
door  which will  be  superposed  on   the  preceding 
door   for  cable   entry. 

An  emergency puah button  ahall  be  provided  to  open 
the   aacondary breakers  of  the  regulator  and 
auxiliary »achine«  feeding  theae  primary teatlng 
pointa. 
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Control cubici«»  shall bt provided, adjacent to 
til« primary testing pointa,  for   the control and 
neaauring  equipment,   pilot  lampa end relays, 
instruments,  etc.,   for the  remoti control metering 
and  relaying of regulators  and   auxiliary machines. 
(Sao   photo  Ho.   •).     These  control cubicles  are 
connected  to the  control desks.     Detalla  of these 
indoor primary  testing points  and control  cubiclea 
are  shown on drawing Ko.  211.     The outdoor primary 
testing points  »hell  be of the  weatherproof type. 

Control Desks  shall be provided  at locations shown 
on drawing  No.   203.     These  control desks   shall  be 
used   for  the remote   control  of   the rotating 
•achines,   the  regulators,  the   impulse   generator, 
the   coupling  transformer,  etc.,  as well  as for 
instrumentation  relative  to  teats.     Details of 
the   control  desks  are   shown  on   drawing  No.   100*. 

2.1.2     Secondary  Testing Points 

Details  of  these   indoor secondary testing points 
are   «hown on drawing  Ko.   211.     The outdoor testing 
points  shall  be  of  the weatherproof type.     They 
shall  be  used   for the  connection of  impulse  gener- 
ator   and  other  «quipment  needed   for  tests.     They 
shall  consist  of  safety switches of different 
voltage  and  capacity,  mounted   on a painted steel 
plate  bolted  on  wall.     These   »witches   shall be 
provided  with   special  lugs   for   the connection of 
«quipment  cables.     (See photo  Mo.  10.). 
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2.t    Uttrlockini Svita»« 

2.9.1    Substations 

Electrical,  mechanical and key  interlocks   shall be 
installed In main  substation  220 KV/ 22 KV and in 
outdoor secondary substation   22 KV  in order to 
provide safe  working conditions and prevent damage 
to  equipment. 

*•••*    Fri»ary Tasting  Points and  Platrlbution Centres 

2.9.2.1 Mschanical  Interlock 

j A mechanical interlock between  the dis- 
connect   switch  and  the cable  connection 
•action  shall be   inatalltd  in order to 
prevent  the opening of this  section door, 
«hen   the  disconnect   switch  is  in  closed 
position. 

2.9.2.2 Key   Interlocks 

s.     A  key  interlock   shall be  provided for 
the  interlocking between  the   regula- 
tor and auxiliary machinée   feeding 
the  primary   testing pointe   and the 
primary testing  points,as  well as the 
interlocking   of  primary  testing points 
between then.     It   shall  be   impossible 
to  use s same   aource of power   (regula- 
tor or auxiliary  machines   from more 
than one testing  point at a  time and 
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it »bill assur« tli« uttr of ttt« total 
control of tho souree of power. 

b.     X« distribution conti»« (cubici« Y) 
th«r« shall be « key  interlock 
b«tw«sn br««k«r and  load brook   «witch, 
in erdor to giv« tho possibility of 
foodlng tho  Pritttry  Teatini Point« 
fro« «ith«r th« 150  KVA r«fulotor "»" 
or on« of th« throo  1,33 MVA outdoor 

rogulator **£**. 

8,    In distribution contro  (cubici« K) 
thor« oholl b« • koy interlock between 

] disconnect  switches,  in order  to bring 
th« power of  the 1  MVA Rotating 
«•chin«  "F"  to Primary Testing  Points 
insid«  building or to outdoor  distribution 

! contr«  (cubicle F). 
j 

d. In distribution contro  (cubicle D 
1 thor«  shall b« four  k«y  interlocking 

aysteas. 

1.  Key interlock« aystem between »ach 

secondary breaker of 1,33 MVA 

outdoor regulator and the discon- 

nect switch or switches on the 

load side of these breakers in 

order to prevent opening or 

closing of these disconnect 
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awitehaa ««dar load. 

1. Kay interlocks between the two 

diaeonnaet awitehaa on the load 

•id« of tho eaae aeeondary 

breaker of 1,33 MVA outdoor rag- 

«latera la ordar that tha only 

possible arrangement bat tingla 

phase parallel oparation of tha 

thro« regulators or thraa phaee 

oparation. 

I. Kay interlocks between diaeonnaet 

awitehaa in ordar that tha 

Auxiliary Taating Tranafornar "0* 

or tho distribution contra "V* 

for tha SK" apeclal transformar 

»a fad by either ona of tha thraa 

following power sources: 1,33 UVA 

outdoor r*gulatora, 1 UVA rotating 

•achine, 2 100 MVA rotating 

•achina. Thaae thraa diaeonnaet 

awitehaa ahall ba eloaad only ona 

at a tina. 

».  Kay interlock« between the diaeon- 

naet awitehaa in ordar that tha 

1,33 NVA outdoor ragulatora ahall 

faad tha indoor Prlnary Testing 

Pointa alona or tha Auxiliary 

Taating Tranafornar "G" and tha 

distribution centra "V" alono. 
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s.l    Indoor Llantina 

1.1.1    Cenerai Llantina 

».1.1.1    it«Utilned Uni of Illumination 

Illumination levels given en drawing 
No.   212 are based en Mny years of expe- 
rience of ttio "Illuminating Engineering 
Society" and en  our own experience in 
the new Research  Institut«  of Quebec 
lydre. 

Tne valúas given art not  te be construed 
aa  initial "1UK" provided by  a now Instal- 
lation t  they are reeonnended as ainlnum 
Inn at  anytin«.     This neana  that the 
installation nuet be so daaigned that 
dirt  and depreciation in light output will 
not  at anytine  give an illuminetion level 
lower than the one indicated  on drawing 
Ne.912. 

1.1.1.2    Type  of Source 

Incandescent and Quarts lasipa are rceom- 
•ended  in roosts  requiring dinning 
Intensity of light or in rooms requiring 
instantaneous   illumination.     Quarts ia 
recommended over  incandescent  in rooms 
where longer life is needed because of 
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tilt large number of heurt «f •»tratloa. 

riuoreacent laepe are recommended in 
reo»i «her« high level of illumination, 
longer  life of lampe aro raquirtd and 
lo« lavai coiling  io ancountorad.     Nigh 
»ovar output  fluoreecent  lampe  ahall bo 
«•ad la rooma vharo  cranaa or  apaeial 
construction ara ancountorad. 
Ratal halido high  intanalty dlaehorga 
laapa  aro roceaaandod in araaa vharo high 
lavai of  illumination ara raquirad  and 
vhara  tha,mounting  haight of  tha Maturo 
and lavai of  illumination would imposa a 
auch largar rumbar  of othar typas   of 
aourca.     Thcaa laapa  ara  also rtcommanded 
in rooms requiring  a good color randition 
for color photography and color talocast 
haeauaa  of thair apparant color tempera- 
tara of *  S00°K.   (See photos Ros.   S, • 
and 7). 

»•*•*••    Ulualnation and Controls 

••   Cenerai 

Three  typaa  of illumination aro raquiradt 

!•    Fined  intensity  in rooas having ao 
epochal requiromanta. 

t*    Variable  intanalty by atap ia tost 
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araas «here,tha type of light source 
dees net paraît  the econoaical «a« 
af diaaer« but  variable lavait of 
Ulualnation ara aeededtfor taatiag 
parpas«•. 

I.    Variable intensity by diaaore  In tttt 
araaa and In control rooae «to rada«« 
gradually th« light  Intensity for 
photographie naada and for  tha obser- 
vation of dlaeharg« phenonena, 

». Variable  Infnsity by it«a 

Thia variabl« intanaity of light  ayataa 
ahall provide thr«e   fixed levels of  illu- 
•ination by lighting-up groups of leaps, 
aaah group of laapa  being uniforaly 
diatributad over «ach teat araa aa  indl- 
aat«d on  drawing No.   212. 

a. Variable   Intensity  by  Dlwa«rs 

la addition of gradually reducing th« 
light  intanaity  it   ahall be poaaibla to 
svitch-on or evitch-off  inatantaneoualy 
tha light at the level selected on th« 
diaaer.     It ahall «leo b« poaaibl«  to 
evitch-on  inatantaneoualy th« light  at 
fall intanaity at  anytia« whichever 
l«v«l shall be  selected on th« diaaer. 
Theee diaaing systeaa are required in 
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raoas indicated en «raving Ve. 212, it 

•ball be pointed out tfcat in Rest area a 

conventional dlaalng eyetea it rccoa- 

•eaded. 

i.    IHtrUfMfti 
i. tpeeial Interlocking Between the 

controla of lighting systeas ahall 

be provided for the Nigh Voltage 

Teat Araae, Control and Observation 

Rooas and Attle of this srea. This 

interlocking systea shall be as 

fallows 1 

-rroa Control Rooa No. ft, it shall be 

poaalbl« to control the intensity of 

light in High Voltsge Teat Area No.l 

or in High Voltage Test Areas Ho. 1 

and Mo. 2. It ahall also be possibls 

fa control the intensity of light in 

the Control noon No. 6 siaultaneously 

with ths Observation Noon above or 

contrai the intensity of light in the 

Control Rooas No. 6 and No. 7 as well 

as Observation Rooas above. 

-rroa Control ROOM No. 7, it ahall 

only be possible to control the in- 

tensity of light in High Voltage Test 

Area No. 2. It ahall be possibls to 
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control the intensity of light only 

in Control ROOM NO. 7 sinultaneoualy 

with tho Observation Roo» above.  It 

•ball be pointed out that Control 

Roo« No. 6 has priority ovar Control 

Roon No. 7. 

•Control ROOMS NO. 6, No. 7, No. 9 

and No. 10 shall hava the possibility 

to switch-off tha lights in tho Attic. 

It shall ba impossible, whan tha 

lighta of tha Attic hava baan switched- 

off fro» Control Rooms to switch them 

on locally. Control Room No. 6 shall 

hove priority over Control Room No. 7. 

Special interlocking between the 

controla of the lighting systems shall 

ba provided for the Control Rooms and 

Observation Rooms of Test Yarda No.l 

and No. 2.  From the Control Room it 

•hall ba possible to control the 

intensity of light of the Control 

Room itself and of the Observation 

Rooms aside and above. 

). In addition to controlling its own 

intensity of light, the Control ROOM 

No. 2 shall have the possibility to 

control the intenaity of light of 



I 
I 
I 
I 
I 
I 
! 

I 
i 

170 

1 
I 
I 
I 
Î 

tit« client Observation ROOM of cither 

Tost Coll Ko. 1 or Tost Coll No. 2. 

•* tacciai Control 

In dark room», a special system shall b« 

provided in order that it shall be impos- 

sible to switch-on the general lighting 

during film processing. 

••l.l.H Class of Luminaires and Accessories 

Except in special location like Battery 

Room and Climatic Test Room, standard 

class of enclosure for luminaires shall 

be used.  In Battery Room vaporproof 

enclosure for luminaires shall be used. 

In Climatic Test Room where temperatures 

variations are between + 65°C to -25°C 

and relative humidity up to saturation, 

special anti-corrosion waterproof lumi- 

naires (cast brass enclosure) shall be 

used. 

S.l.1.5 Special Mountings 

Special Mounting of luminaires shall be 

provided in High Voltage Test Area, 

Corona Room and in Pollution Room as 

shown on drawing No. 211.  This special 

mounting is done to prevent movement of 

air between the Test Area and the Attic 
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and te facilititi evacuation of heated 

•ir «round luainaire. Tha hot air in 

Attic ia eliminated by tha ventilating 

ayata«. 

1.1.2 Eaaraencv Lighting 

Emergency lighting ahall b« provided «a ahown on 

drawing Ho. 212. All tha emergency lighta ahall 

bo fad by "nor»al-e«ergency" panala, except for 

tha energency lighta of tha Control Roo«a of High 

Voltage Taat Area, the Obaarvation Xoowa and tha 

Nigh Currant-Direct Currant Laboratory which ara 

fad by we»ergency" panala. Tha lavai of illumi- 

nation shall ba auffieiant to par«it aafa evacua- 

tion of tha pra«Ì8aa. 

1.1.3 Exit Lighta 

Exit lighta fad by Mnor»al-a«arganeyM panala ahall 

ba provided «a indicated on drawing No. 212. They 

•hall be located auch aa to indicate the direction 

of all exterior accaaa to facilitate eaergeney 

evacuation of the building. 

8.2 Outdoor Lighting 

S.2.1 Street Lighting 

Natal polea and luwinalrea ahall ba installed 

where necessary along roads and parking areas. 

High intenaity discharge lamps like »ercury, 
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»•tal hallde or high preesure  oodiua vapor ahall 

be used.    when  roada  ara  locatad in araaa  where 

light fro« luainairea can   interfere with  tha  fiald 

of vleion of tha Control  Roo»,   thty ahall  ba 

manually controlled by switches  locatad  in Control 

Roo«. 

*•'•*    âraa Lithtine 

5.2.2.1 Outdoor 220 KV/22  KV  Substation,   Main 

22 KV Subatation  and  distribution  araaa, 

and outdoor 'area  around auxiliary  transform^ 

ar, ahall ba  lighted   aa described  abova 

with  tha exception  that tha twitching 

ahall  ba dont by  a  photoelectric  call. 

1.2.2.2 Lighting in Outdoor  Nigh Voltaga   Taat  Araa 

and Taat Yarda No.   1   and No.   2 ahall  ba 

dona by uaing wall projectors with high 

intanaity  discharge  lampi and controlled 

by raapective Control  Jtoons. 

%-       AUXILIARY  8YSTEMS 

*.l    Telephone 

A complete systen for telephone  facilities shall  ba 

provided in rooaa  indicated on drawing No.   212.     A «ain 

taminal roo» ahall ba provided aa ahown on drawing 
No.   202. 
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Except in Pollution Roo« and ita Control Roo», 

I intercommunication shall bo provided between ••oh Toot 
Area and it» Control ROOM. Thi« shall bo aeeoapllshod 

J with an interphone »yat«a «caistod by loudspeaker paging. 
Interior communication «hall alao be provided between 

j thi *•©••   indicated on drawing No.   212 with this  interphone 
systea.    An equipaent rooa shall be provided as  ahown on 
drawing No. 202. 

*••    Clocks 

A synchronised clock  systen with a aaster control clock 
•hall be provided.    This systen shall pernlt adjuatacnt 
of all clock* at the  aane tin«  fron a  central control. 
Thia  syetea could be operated Manually.    Sise of clocks 
shall be   in accordance with the roon diaenaion».     Clock» 
ehall be  installed in roons indicated on drawing No.   212. 

*.*    Chrononotera 

Clapaad tine chrononetara ahall be provided in all 
Control Roons to facilitate tining of tests. 

*•»•    Watchnan Tour 

A wate.hnan  tour ahall  be provided  in roons indicated on 
drawing No.   212.    Thia ayaten »hall  consist of station 
boxea  containing regiatering keys,  faatened on walls  of 

j the different roons.     A portable watehclock shall houao 
a paper tape which will serve to register each key 

1 

I 
I 
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station »nabar «ad tía« of registrati««. 

*••    lülEÜI 

The »«in function» of the security syst«» art to giro « 
continuous   Indication of antry inalda  test aroae, to give 
an alara,  to atop tha taata  in prograaa if thora  ia any 
danger of pereonnel injury  and to control tha signalisa- 
tion  in taat areas.    Locking doors, photoalactrlc calla, 
anain link  faneaa snd signalisation leaps ahall ba pro- 
vided for  that purpose. 

PurIng taata,all tntranca doors to tha taat aroa ahall 
ba alactrically lockad.    Tha antry lnaida tact areas 
shall ba controlled by two aeanet     if there  is a door, 
this door  shall be provided  with an electrical contact 
which shall  eloae when the  door  la unlocked.     If  there 
is no door   a photoslectrio  cell  ahall be provided to 
actuate tha   ayaten vnen the  bean  ia interrupted by the 
passage of   aonebody.    Thsse   signals could bo registered 
and kept  in  a aenoryi     if  ao,  they ahall be verified by 
the operator before any teat i   it  ahall be  iaposslble to 
aaka any taat befors the aeaory has been cleared.    Khan 
the test  is   in progress and   a door is  opened, or a beaa 
interrupted,   the test  ahall   laaediately be ahut down. 
Chain link   feneea shall be  provided for the High Voltage 
Test Arses   and the Traneforaer Teat Area.   (See photo 
No.  11). 

The eignalisation in tha different araaa ahall ba  tha 
following i 
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I -    Tao red Uipi «hall indicate that it it forbidden to 

«atar the area. 

I - Ta« yellow lamps shall indicato that it is o«r«itt«d 
to «nt«r th« srss but that it is dangerous. 

£ - Tha green lamps shall indicata that it is permitted 
to «atar th« araa without any danger. 
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Th«a« signalisation lamps shall b« installed on ths «alii 
or above th« doora and on th« chain link f«ne«a. 

Rad and graan laaps shall bo provided at th« «ntranea of 
F th« following rooms and arcast 

- High Voltage Teat Areas 

- Corona Room 

* Transformer Tost Araaa 
{ 

- Reaetor, Resistance, Condemnor Rooms 

] * R«actor, Transformer» Rectifier Rooms 

- Tost Cells Ro. 1 and Ro. 2 

!. • "if* Current and Direct Current Laboratory 

!> - Climatic Tost Room 

• - Synth«tic Test Hall 

T - High Voltage Outdoor T«at Aro« 

- Outdoor Teat Yards Ro. 1 and Ro.2 

I              - Roof of Block "E" 

. - Pollution Room 

1 
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These red and  green lamps shall alae ba provided insids 
' tha High Currant and Direct Currant Laboratory»  inalda 
tha High Voltaga Taat Araaa  (on tha chain  link  faneaa) 
and inaida Pollution fcooau 

fallow lamps  shall ba probidad at tha  antranea of 
It« act or -  Resistance  -  Condensar Rooms,  Reactor - 
Transformer -  Rectifier Room, Corona Rooms and  inside 
Test Cells No.   1  and No.   2, High Voltage Test  Areas, 
Transformer Taat Araaa,  High Voltage Outdoor Teat Areas, 
Outdoor Test Yards No.   1  and No.   2,  in  High Current and 
Direct Current  Laboratory and in Pollution Room. 

All theae  lights shall ba controlled from their respec- 
tive control rooms. 

•).?  Tire Alarm 

An  electrically supervised, non-coded  fire ela^m system 
shall ba   inatalled  as   indicated on drawing No.   212. 
Alarm initiating devicea   shsll be grouped  in  sones. 
Actuation  of any alarm Initiating devicea shall csuae 
all audible devices  to  sound  continously  in  their re- 
spective  evacuation  sone  only.    The  sone of fire shall 
be  indicated by an  electrically supervised lamp  annunciator 
which shall be  located   in  Block "G".     The  alarm  system 
shall be   supplied by  "normal-emergency" power  and a 
trouble bell  ahall be  incorporated with  the panel to 
indicate  any  faults   in  the wiring to the  initiating or 
audible  aignal  devicea.     Sise of bella  and horns  shall be 
appropriate for the surface covered and the ambient noise 
level. 
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I-       ClAMtg.  HOKOHAILS  AMD CHAI»  »LOCK» 

1.1    HfiSHii 
Tli« following typo of control  »hall bo provided for  the 
óranos, »onorali« an« chain block«  shown en drawing Ho.205 
and doscribod  in Chaptor V, artiola 2.1.1 - "Vortical 

Movoaonts". 

ft.1.1    iodio Roaoto Control  for 

Two 10 ton    oranoo  in Nigh Voltai« Toot Aroaa 

(A-10H  and A-10S). 

ft.1.2    Cabin QpTttid for 

lftO ton    cranei (ono prosont and ono futuro) 
in tho Transforaor Tost Aroa (C-101) and  in 
Mounting Hall (C-103). 

1.1.1    fondant  Push Button Station«  for 

•      2 ton    orano  in Corona  Room (C-10*). 

10 ton    cran« In Shipping and Xaeoiving Aroa 
(D-108). 

ft ton    erano in Assoably Hooas (r-106,  F-107, 

F-lOi  and r-109). 

'  -      2 ton    jib crane«  in Tost Colli Mo.   1 and Ho.2 

<r-ll*  and F-115). 

ft ton«  cran« in Main Machino Hall  (E-101). 

ft.l.«    Hall Mount«d Push Button Stations 

At oach ondi 

2 ton aonorail in Pollution ftooa (C-102). 
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a ton «onorali in Synthetic Toot Noll (1-101) 

I ton monorail in Nigh Yoltago Teet Areas 

(A-10* and A-105). 

•ooldet 

1 ton chain blocks in Nigh Voltage Tost Araao 
(A-10W an« A-105). 

1.2    Ml? EfWf Ç°fît•i> 

When there  it a radio remote control eyatem,  tho  system 
•hall bo protaetad againat any malfunction du« to a 
defectiveness in tha equipment or in the circuit  and 
intarfaring noise or electromagnetic wave«.     Aa  tha 
•yete« featuree  solid  etate electronic* it muet  be 
eapable  of withstanding temperature encountered   in High 
Voltage  Test Area  (60°C). 

All the  radio renote  control system ahall be dealgned to 
eliminate the possibility of exact duplication by any 
other tranemitting or random radiation.    Tha  system shall 
be proteoted to prevent operation by unauthorised 
peraonnel.    The system ehall operate    the cranea   in a 
range of 60 metres.     All auxiliary functlone  ehall be 
controlled by the transmitter.     If the radio remote 
control   ehall fail  to operate  it  shell be possible to 
operate  the crane manually with a puah button station. 
The radio remote control  system  ehall be highly  protected 
againat  any transient  over-voltage or electromagnetic 
wavea that may occur  in a high voltage teat  area. 
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1.9    Cabin Qptrâttd Control! 

When there la «cab,  oil control equipment  inoli bo lo* 
eotod so ti to parait tho operator to havo on unob- 
structed view of tho  work «roo below tha erano. 

»•*    »andaat  P««h Button  Stations 

Where control  ia fro» tho floor by aeans of a pondant 
push button station,   ahioldad  flexible cablea  shall be 
ttood.    The puah button station  shall be mounted on a 
separate    »onorali by aeans of ball-bearing runnera. 

I.I    Wall Mounted Puah Button  Statlona 

Whore two wall aounted  etations at each end of a «onorali 
aro  provided an interlocking ayate« ehall be provided 
between tha two atationa  ao that the user has  the totsl 
control of the nonorail. 

• ••    macollanooue 

All controls shall be of the dead-nan typo. Controllerà 
shall be of the aagaetic type designed to provide saooth 
aeooleration. 

Each bridga and trolley  ehall be provided with an elec- 
trohydraulic brake   (bridge) controlled by a pedal when 
there  ia a cab or with a  aolenoid operated brake beconlng 
autoaatlcally applied when power ia cut-off.     Each hoiat 
drive ahall have two  aeparate aeons of braking:   one of 
tha braking ayateaa   shall consist   of a aolenoid operated 
brake acting on the  hoist pinion shaft, beeoaing 
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automatically applied when power is cut-off.     The other 
aystaa operating directly through the hoiat aotor shaft 
shall provide controlled speeds of lowaring at aach notch 
af the controllar.    Tha braking shall ba  proportional to 
tha load on tho hook. 

•-       SHIELDING 

••1    shleldlnt of HUh Voltato Tost Arcos. Corona  Room and 
Control Rooms Ho.   6.  Ho.   7.  Eo.  I.  Ko.   9  and  Wo.   10 

Faraday cages shall ba   provided in these  areae  to obtsin 
an electromagnetic wave  sttenustion of 60 db ainiaua for 
frequencies of 0.1 to  10 MHs.    In the Nigh Voltsge Test 
Areas snd in Corons Room,  the setolile  structure of walls 
and ceiling shell  fora pert of thie shielding.    The 
aopper grid described   in article 7.6 of  thia chapter used 
as ground return  in the  concrete floor  shall  fora the 
other pert of the  Feraday cage.    The   varioue     ssctlons 
of walls and ceiling  shell be electrically welded to the 
aupporting  structure  at  every aetre in  the High Voltage 
Teat  Aree and et  every  25 ca.   in Corona  Room  in order to 
stake  a good electrical  continuity between all  parts of 
walls  snd ceiling snd  between each well  and  ceiling.    The 
aopper grid shall be  welded with exothermic    connections 
to  the  metallic  welle   at  the  sane  respective   distance 
•entioned  previously,   and  as  shown  on drawing  No.   209. 
Ths  exothermic welding   is  a  molecular weld.     Thie  process 
is  a  reduction of  copper  oxide by  aluminum  into  e  semi- 
permanent  graphite mold,  producing molten,  super-heated 
copper which gives  the   welding heat. 
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Uader luainaires, a glsvanised ataal grid «hall be 

electrically welded to the »etallic ceiling at indicated 

on drawing Ho. 211. 

X« Control Rooae, tha îaraday Caga ahall be conatitutad 

by the copper grid eabedded in tha eonerata floor, by a 

eopper grid faatenad to tha aaaonry walla and by ataal 

plot«! on tha calling. Tha eoppar grid faetened to tha 

•aaonry walla ahall have tha •••• eharacterlatica aa tha 

ooppar grid eabedded in tha eonerata floor. 

Tba ataal structura supporting tha windows ahall fora 

part of tha Taraday Caga. Tha floor copper grid ahall b« 

"heliarc" weldad at every contact points to the wall 

ooppar grid and at every 25 ea. to the wall metallic 

etructure. "Heliarc" inert gaa-ahielded arc welding la 

a process in which the arc la struck between a aingle 

tungsten electrode and the work piece. The inert gas, 

ueually argon» flows around tha electrode and tha weld 

area, shielding the aetal and preventing oxydation.  The 

wall copper grid and wall metallic atructure of tha 

Control Rooae ahall be "heliarc" welded to the copper 

grid fastened to the walla and the aetallic structure 

of the Control Rooae at every 25 ca.  Parallel wlraa 

inside window glass shall be provided to complete tha 

Faraday Cage.  Since the aajority of flashovers will be 

vertical, the disturbing »agnatic field will generally 

be horixontal.  So vertically arranged parallel wirea 

ahall be provided inside window glasses.  These parallel 

wires shall be separated at a diatance of 15 «a and ahall 

have a diaaeter of 0,3 aa. They ahall be ahort circuited 
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by a proper copper frane which •hell surround tho glass. 

Tha ooppor frames shall bo attachsd and alaetrieally 

eoaasetod with "heliarc" welding to the wall attallic 

structura of the Control Roo« at «vary 25 ca. 

All saall doora giving accasi to Faraday cagai shall ba 

of «stallie aaterial and ba bondad with a boltsd flsxibls 

link in ordar to unlntarrupt tha continuity of tha 

Faraday caga.  Larga doora in High Voltaga Tast Araa 

shall ba provided with staal brushes staking contact with 

tha ataal door tracka. Tha Corona Room door shall ba 

provided with copper bruahaa making contact on a copper 

bua bar embedded in the floor concrete topping.  The 

copper bua bar of Corona Rooa door shall be ttheliarcN 

welded to the copper grid at every 2$ ca. 

The door tracka in High Voltage Test Area ahall be con- 

nected to the copper grid at every aetre with exothermic 

welding aa ahown on drawing No. 209.  The purpose of the 

installation is to uninterrupt the continuity of the 

Faraday cage.  All the electrical equipment inside theee 

Faraday cages shall be poaitively connected to the 

shielding; in fact, all door frana, ahall be welded to 

the metallic wall at every aetre, all electrical boxas 

and receptacle ateel platea, lighting fixture boxes, etc. 

shsll be walded to the metallic walls of these faraday 
cages. 

••* Shielding of Control Rooms Ho. 1 and Mo. 2 

The shielding of these rooms shall consist of structural 
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RF (Radio  Frequency)  panel«  assembled in  auch a tray at to 

for« a aalf supported  enclosure which will be  erected 

inside  the  atructural  concrete walla,  floors  and ceil- 

ings  of roo»» provided  for  Control Rooms  No.   1  and No.   2. 

These  structural RF panels  shall be laminated by a layer 

of galvanised steel,  on each side of special  20 mm 

exterior grade plywood.    Th« joint between  structural RF 

panels  shall form a positive,  flat contact,   producing a 

tight RF seal at  every mating surface.     It  ahall have 

the lowest  possible joint  impedance for high  electromag- 

netic  and electrostatic  attenuation.    All  windows ahall 

be provided with a wire mesh inside to complete the 

shielded enclosure. 

Performance of these  shielded Control Rooms   shall be as 

follows: 

- Magnetic  field attenuation of «4 db at  60  Ha,  15 db at 

1  KHz,   60 db  at IH   KHz  and  100 db  at   200   KHs  for 

Control  Room No.  1. 

- Magnetic field attenuation of H db at S Ha, 15 db at 

60 Hz, 45 db at 1 KHz, 60 db at 1U KHs and 100 db at 

200 KHz  for Control  Room No.   2. 

- Electric  field  attenuation of 110 db between D.C.  and 

SO  HHz. 

- Plane waves attenuation  of 100 db at frequencies 

between   50 KHz and  10 GHz. 
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The shielded enclosure shall be constructed without «ny 

grounding point and with a minimum ground reeietance of 

1 000 ohms. Aftar tha eonetruction, it shall ba 

eonnaotad to ground at a uniqua point on tha wall 

grounding bus bar systa« loeatad in tha Equipment Roo» 

•alow. 

»ava guida typa air vanta, which provida RF attanuation 

äqual to tha anclosura ahall ba providad for vantilating 

•né air conditioning aysteaa. 

Ivary pipa or conduit panatrating tha ancloaura shall 

«•a wava guide panttrationa to stake the enclosure 

functional. Thaae wava guide penetrations ahall be non- 

aanductive couplings preventing multiple grounds without 

affecting the rated attenuation. 

Every wire (including neutral and ground wirea) entering 

the RF ahielded enclosure shall be provided with a RF 

filter to prevent conducted signals from entering the 

enclosure.  Wava guide penetrations shall also be provided 

with these filters. These filters shall be designed to 

provide 100 db attenuation from 14 KHs to 10 GHs.  No 

filters ahall ba provided for telephone, interphone, 

measurements and control cables. 

7-   gftWHPIHQ 

7.1    Main Peripheral  Grounding Cabla 

7.1.1    All grounding network shall ba connected to tha 
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j »ain peripheral grounding cable, this H00 aa? 
bar«» stranded,  tinned, copper cablo  ahall b« 
diroct burial at  2 utrti,   below ground lovol and 
installed as follows i     first, 200 «a of organic 
soil, than tht cabla and after, organic soil 
without any rocks .filling th« rost of th« tranch. 

7.1.2    all  aplicas below grade ahall be exotheralc proceas 
welding connection. 

7.1.1    All  inside accessible connections of the cable 
link between aain peripheral grounding cable and 
inaide nain grounding bus  bar shall be «ade with 
soldarles«  lugs,  bolted to  the aain grounding bua 
bar. 

7.1.11    All  outside cubicles,  tranafornera,  ateel struc- 
tures for aerial lines,  etc., shall  be connected 
to the nain peripheral grounding cable  as shown on 
drawings. 

7.1.S    Copper weld grounding rods  shall be installed along 
the main peripheral grounding cable aa  shown on 
drawings.    The rods shall ba weldsd with an sxo- 
theraic connection. 

t 
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7.1.0    Grounding cable   installed  in duct bank,  and alao 
grounding cable uaed for th« grounding of outdoor 
alaotric equipment shall b« bare,  stranded, tinned, 
copper cables. 
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7.2    Grounding Bua  lâr 

7.2.1 All but bars uaed for grounding purpoeea «hall ba 
fiat  typt, half hard tenper,  eoppar, Mountad on 
wall»  floor calling or roof,  aa ahown on drawing. 
Sleevaa  ahall ba provided for oonorata baaa 

oroaaing.    Bua bara  ahall ba tinned whan uaad outdoor. 

7.2.2 On wall or calling, grounding bua bara  ahall ba 
inatallad with apoeial brackata aa datailad on 
drawing. 

7.2.S    Grounding bua bara, fluah »ounted in floora  ahall 
ba inatallad aa datailad on drawing.    Thaaa 
grounding bua bara ahall ba wall lavalad with tha 
eonorata floor. 

7.2.1    In roona D-003,  E-103,  C-201  and F-002,  tha con» 
naction batwaan grounding bua  bara coning fron 
floor or calling  and tha nain grounding bua  bar 
ahall  ba mada with boltad connactiona  in auch a 
way aato parait taat on thaaa  parta of tha grounding 
natwork. 

7.2.S    Each taction of flat bua bar  ahall ba aplicad with 
tha inart gaa-ahialdad are voiding proeeaa 
(Hallare typa). 

7.1    grounding Pedeatal 

Grounding Pedaatala ahall ba providad for tha grounding 
of tha taat equlpnent and ahall ba built aa datailad on 

I 
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drawing. On« (1) metre length of bar« copper cable 

anali be laft whan pouring th« eoncrata to parait tha 

eonnaetion to tha nain grounding cabla. 

7#* Oroundint of Cabla Traya 

Grounding of cabla traya ahall ba aade with a SO aa2 

inaulatad coppar vira connactad at aach 15 aetres to tha 

auspension roda. Thia vira ahall ba continuoua on all 

ita langth and tha extreaities shall ba welded to tha 

copper grid or to th« ceppar grounding bus bar. 

7.1 Special Groundint of Cranaa and Hotorixed Door« 

Special grounding of cranaa and door main runway 

conductora shall b« provided in the High Voltage Test 

Area and in Corons Room as shown on drawing Ko. 211. Tha 

•ain runway conductors shall be grounded to tha copper 

grid at both ends, during tests. Control of the con- 

tactors shown on the scheme, shall be done from Control 

Rooms No. 6 and No. 7 in the High Voltage Test Area and 

locally in the Corona Room. 

7,i Copper Grid 

A copper grid ahall be provided aa indicated on drawing 

No. 206.  This copper grid shall be used as ground return. 

This copper grid shall also serve as a part of Faraday 

cage as seen in previous article.  Details of this copper 

grid are shown on drawing No. 209.  This copper grid shall 

have the following characteristics :  99,98% of copper, 

0,02% phosphorus, 2 mm wide x 2 mm thick, openings of 

7ft ma x 38 mm, a weight of 20 kilograaa per 9 sq. m. and 
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a conductivity of •*%.    Tha aheeta  shall have a minimum 
of 7,5 a x 2,5 a and a  atrip (non axpandad) of  25 »a, 
ahall ba loft  at on« and of the axpandad  coppar grid  to 
facilitata  welding.     All weldinga  to  tha  grid  ahall bt 
made with  inart  gas-shielded  arc welding  (Hallare  welding) 
Thia coppar grid  «hall  ba  layed on  tha  atructural 
concrete and  covarad by tha  concrata  floor topping.   This 
eoppar grid  ahall ba connactad to  tha  peripheral  conduc- 
tor at  intarvala and  in  tha manner  ahown  on drawinja   No. 
206  and No.   209. 

'•'     Qroundlnc of  Railroad.   Cranes and notorized Door Tracks 

Tha  grounding  of  each railroad and  motorizad door   tracks 
in  concrete   floor  shall   be  as  shown  on  drawing  Ko.   209. 
In  blocks   «B",,,DM,"EM and "F"    grounding  of  crane, 
•onorali    and   jib  crane     tracks  shall  be   provided.     Each 
track  shall  be  connected  to  the  grounding conductor  as 
ahown  on drawing  No.   208  with an exothermic welding. 
In  blocks   "A"       and  "CH  no  grounding  of   cranes  and 
•onorails  track  ahall ba provided  as  the  grounding  la 
dona  by the   structural  members.     (See  photo No.   12). 

'••     Grounding of  Measuring  Cables  Conduits 

Conduits used   for  measuring  cables   ahall  be grounded  as 
follows: 

7.8.1     In High  Voltage  Teat  Areas  No.l  and  No.   2  thay 
•hall  be  grounded to the copper grid by welding   tha 
grid   on  each  conduit  at  six  different  pointa. 
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7.1.2 In High Voltai« Outdoor Toit Aros, th«y ahall ho 

grounded at oao «nd to th« coppor grid and at tho 

oth«r «nd to th« coppor ground wir«. Grounding 

•hall h« don« hy ai« points of voiding. 

7.1.S In Synthetic T«at Hall,grounding «hall b« don« by 

voiding th« conduit to a grounding bus bar in th« 

Synthetic T«at Hall and to a grounding bua bar 

vh«n entering th« patch panel No. PP-H in Control 

Roo« No. 1. 

7• • .*» In Outdoor Toat Yards No. 1 and No. 2, ono «nd of 

conduits on th« roof of block ME* «hall b« grounded 

to th« grounding bus bar on that san« roof whilo 

th« other ends in Control Roo» No. 1 shall be 

grounded to a grounding bus bar located n«ar th« 

patch panel Ko. PP-t. 

7,1 grounding of Steel Structural Column« 

All steel structural columns located in blocks "A* 

and "C" ahall be grounded.  A 20 x 5 «in copper bus bar 

shall b« used and connected to copper grid (4 point 

connection«minimum) or nearest grounding bus bar. Th« 

connections to the columns shall be of «xothermlc welding 

type and to grid, it «hall be of "Heliarc" typ«. 

7.10 Grounding of Primary Testing Pointa 

Th« primary testing points loc«t«d in blocks "A* and mCm 

ahall be grounded with a 20 K 5 am bua bar welded at 

*0 contact points to the copper grid and at ono contact 
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point in the cubici*. 

T. 11 grounding of Patch Panait 

Fetch panoli Mo.   PF-1, No.   PP-2 and No. PP-3  shall bo 
groundod  with «  20 x S KM ceppar but bar weldad at HO 
contact  point*  to  the coppor grid  and ona contact point 
in tha  eubicla.     Grounding bushing«  ahall ba  provided 
for aach conduit  antarlng tha panal and all  that« 
grounding    buthingt ahall ba  intarconnactad  and groundod 
to tha  copper grid  in tha  floor.     Patch panal  No.  PP-* 
•hall ba  groundad with a 95 «a3  intulated coppar wir«, 
installed   in conduit,  to th*  tame  unique grounding point 
at tha  ehielding  of th« Control  Room  it groundad.     All 
tha  conduit« «ntaring th«  patch panal  thall ba provided 
with grounding buahingt which thall ba  interconnected 
and  grounded to  the grounding but bar  of the  patch panel. 
All the  measuring cable    conduite   thall be grounded  ahead 
of tha  apecial  wave guide  ponetrationa outside  the 
thleldad   enclosure. 

?.ia Grounding of Metallic laset 

All Metallic basât of reactort and circuit braakere 
located  in room E-103, E-201 and  F-002 thall  ba grounded 
to tha  copper bua  bart   installed   in  ceiling  or floor.   Tha 
axaet   location of  thete copper but bart  installed  in 
floor  ahall be  determined   by      the   location  of  the  electrical 

equipment. 
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7.1> grounding Cables 

Ground inj cablet i««d latid« the building «hall be bar«. 

•trended, copper cabla and all aplica« ahall b« dona 

with exothernic connection«. Cabla««hall b« attacked to 

the wall or coiling at every 1*5 a. 

7.1» Qroundlng of Electrical Eculnwent 

7.1».l All the non-current carrying aetal parta of the 

electrical equipment, auch a« conduits, boxe«, 

enclosures, hardware in «annoia, etc.. ahall be 

grounded in an effective and permanent »anner. 

7.X».2 All ateel etructure« for aerial lines, outdoor and 

indoor cubicle«, fences ahall be grounded as shown 

on drawings. 

7.1».I Meutral pointa of tranaformers and regulatora 

ahall be grounded. 

7.1» Grounding: of Equipment Supplied and Installed by Mechan- 

ical Contractors 

7.1S.1 All metallic equipment through the building as 

floor drains, and floor outlets, access covers, 

supply, exhaust, or return diffusen or grilles, 

etc., shall be grounded.  The ground connection 

shall be with a 20 x 30 mm soft bare copper bar 

welded to the copper grid or a 35 mm copper, 

cable, connected %o  the main grounding system of 

the building.  (See photo No. 13). 
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7.IS.2 All metallic conduit«, pipes, ventilation ducts, 

•te.., shall be grounded. Th« grounding connec- 

tion to th« pipes shall be at a maximum of S m. 

fro« an outlet that can b« reached by people. 

Elsewere conduits or pipes shall be grounded at 

«very 20 tu 

7.1t »nodal Croundini Outlet» and Boxes for Chain Link Fence 

In rioor Slab 

The copper grid embedded in concrete floor shall be 

accessible by mean« of permanent connections. The»« 

connections as detailed on drawing Ko. 210 shall also 

serve as boxes for chain link fence.  Their location i» 

shown on drawing No. 20H.  Normally, these boxe» «hall 

be closed with a threaded plastic cap because of the air 

suspension transportation system and liquids that »ay 

•nter.  Detail» and location of boxes for chain link 

fence shall be as shown on drawing» No. 204 and No. 210. 

Tor the same reason mentioned previously, these boxes 

shall be normally closed with a cov«r. Th« dimensions 

of these boxes »hall be according to the fence  post 

diameter.  The exterior surface of these boxe» in 

contact with concrete shall b« corrugated in order to 

provide a good grip.  (See photo No. 11). 

7.17 Miscellaneous 

All incoming supply »ystems such as water, gas, drains, 

etc., or other metallic pipes shall be isolated from the 

earthing system of the Experimentation Centre by a non- 



I 
I 
i 

193 

1 
I 
I 

eoaduotlve length of conduit. 

I.  mCH PANELS. HEASUMKO CABLES AND BOXE! 

i.i fj^yh Pagaia 

Patch panels for msaauring cabios anali be provided in 

Control ROOMS HO. 1, No. ft. Ko. 7 and Mo. ft. These 

panala as shown on drawing No. 209 shall bo nada of cold 

rollad steal and of an antiraly wsldad conatructlon 

except for the receptacle plates. Brushed aluninun and 

anodlsed finish shall be provided for these platea. 

(tee photo No. IS). 

• •2 Coaxial CaM.es end Connectors 

All »assuring cablss shall be provided with fanale 

terminations at both extrenitiea, complete with «ountlng 

plate. 

Coaxial cablea shall be provided es indicated on drawing 

No. 209 between the patch panels and the apecisl floor 

boxee for «assuring cables, junction boxes in suspended 

ceiling for potentiel divider and weatherproof junction 

boxea for potential transformers and current transformen. 

The different types of coaxial cables (type No. 1, No. 2 

and No. 3) shall be provided in accordance with the 

requirements of the équipaient to be connected. 

The ooaxial cables between the Measurement boxes No. la. 

No. lb, No. lc, No. Id snd No. 1 shall ba of equal length. 
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t.l loxaa for Maaaurananta 

Detail« of apacial boxaa and junction bouta for tha 

potential divider ara ehown on drawing Ko. 209. 

Dataila of apecial boxea for measuring eablaa and utility 

outlata of measurement boxaa for tha potantial and 

currant tranafornara» and of tha combinad pedeatal «aa- 

aureaent boxaa and grounding outlat ara shown. 

t.   rALIE fLOORS AHD CEILINQS 

ralaa floora of tha "data" type for iteaeure»ent and 

control eablaa and falaa calling for lighting fixturaa 

(and filler* in Control Roome Ho. 1 and Mo. 2) ahall ba 

raquirad in Control Roo»» No. 1» No. 2, No. 3 and No. 1. 

Falaa cailinga ahall also ba raquirad in Control ftooaa 

No. e. No. 7, No. I, No. * and No. 10. 

I 
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Vili - HECHAHICAL 

1-  QEWEEALITIES 

l»i Introduction 

This mechanical performance specification and tht 

annexed drawings aro to bo uaad by tho Architectural 

Contractor as a general guide for the design of the 

Mechanical system and sub-systems within the Electrical 

Experimentation Centre for the testing of équipaient from 

the Spanish Electrical Industry. 

Standard Services and systems, such as sanitary services, 

roof drainage and the detailed calculations for sizing 

piping, ducting, etc.. are not covered in this report. 

Special attention should be given to the fact that this 

Chapter treats only the recommended systems and 

sub-systems related to the building concept itself, for 

example : 

Low and High Pressure air systems 

- Vater Treatment system 

Plumbing system for the building 

Heating systems for the building 

Ventilation and air conditioning systems for the 

building. 
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Any mechanical considerations relative to «quipment 

needed for the operation of the Laboratory art described 

in equipment reports. 

1.2 Mechanical Drawings 

The Mechanical drawings that are supplied indicata 

suggested locations of equipment, services and diagrams 

of these systems.  These diagrams show only the essen- 

tial components in order to permit better understanding 

of the operation of the systems. 

The location, quantity and capacity of equipment shown 

shall be determined when $he final architectural and 

other drawings shall be carried out. 

1.9 Codes 

All mechanical systems shall be designed to comply with 

all codes, by-laws or regulations which have jurisdiction 

in the project area.  This covers requirements for fire 

protection, plumbing systems, oil handling piping, storage 

tanks, ventilation practices, etc. 

I.1» Grounding 

Mechanical equipment installed in the shielded areas shall 

be connected to the grounding system of the Laboratories 

as mentioned in article I 7.15 of Section VII - Electrical. 

Thosearea8 are: 

a) H.V. Section«  Floor, walls and ceiling of H.V. Test 

Areas Nos 1 and 2, Corona Room and Control Rooms 
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• )     H.P.   Section:     Floor,  wall«  and  calling of control 
I room«  N08.I and   2. 
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1.5 Thermal Inaulation 

1.5.1 Cold Surfaces 

All pipe, duct or equipment surfaces which ara 

eoldar than tha ambiant daw point temperature 

shall be insulated with suitable thermal insulating 

material of adequate .thicknesa to maintain a 

surface temperature higher than the normal ambient 

daw point temperature.  This insulation will 

prevent any condensation of water vapor. Onthe 

warmer aide insulation shall be covered with a 

vapor barrier to prevent water vapor from reaching 

colder surface and condensing. 

I.e.2 Hot Surfaces 

In areas where mechanical cooling or ventilation 

is provided to remove heat gains and to maintain 

a temperature within prescribed limits, all hot 

ducts, pipes or other items of equipment shall be 

insulated to reduce the size of the cooling or 

• vantilating systems. 

In other areas, all pipes, ducts or other items 

of equipment having a temperature more than 30°C 

above the ambient temperature shall be insulated 

to minimize heat losses. 
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l.i    Molt«  and Vibration« 

All equipment which generates vibrations  shall be 
installed with suitable  inertia bases,  vibration. 
isolators,   flexible  connectors,   etc.,  to prevent  any 
propagation  of the  vibrations.     All  equipment   shall  be 
selected   to maintain  noise  levels   below maximum valves. 
Silencers  and  acoustical   insulating material   shall  be 
used,  where  required,   to  reduce noise  transmission   to 

permissible levels. 

Sound  levels  are rated  in  terms  of sound power level 
(PNL)   in  decibels   (reference   IO"12 watt)  and   in  terms   of 
sound  pressure  level   (SPL)   in  decibels   (reference   0.0002 
microbar).     A noise  level   (NC  level)   specified  for  a 
room  means  the   sound pressure  level  in  this   room  shall 
not  exceed  the  values   given   for  each   frequency  band  of 

the NC   level  curve. 

Refer  to  latest  edition  of   the A.S.H.R.A.E.   (American 
Society   of Heating,   Refrigerating  and  Air  Conditioning 
Engineers)   Guide   and  Data  Book  for  the NC  level  curves. 

Maximum  values of noise   levels  shall be  as   follows: 

Room Noise  Level 

Conference  Room 

Offices 
Library 
Control   Room 
Client Observation Room 

NC- •30 

NC- -35 

NC-35 

NC-HO 

NC- -40 
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Dark Roo« MC-%0 

Corridor HC-HO 

High Voltage Teat Arcas HC-HO 

Rest  Room HC-H5 

Corona  Room NC-50 

Transformar Test Araa NC-50 

Mounting  Room MC-50 

Assembly   Rooms NC-50 

High Currant  and Diract 

Currant  Laboratory HC-50 

1.7    Roof Mounted Equipment 

All equipment installed on  the roof shall be  located 

within  prescribed distances   from  high voltage  electrical 

lines.     This  equipment   shall  be  suitably designed  and 

installed  to resist wind forces. 

1»9     Motor  Driven  Equipment 

When  selecting motor driven equipment,  such  as  ventila- 

tors  and  pumps, where  speed  of  rotation might   affect 

its   characteristics,   it   is   advisable,  for more   flexibili- 

ty,  to  use  V-belt  rather  than  direct drive. 

1*9     Meteorological Data 

1.9.1     Climatic  Conditions 

The  following meteorological data are averages 

computed for the yeara  1931  to 1990 inel.   in  Madrid. 
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CllMtiC Condtion Puri sir ¥«ir 

a) Cloar 107,7 

ft) Cloudy 17t,7 

c) Ovorcaat 77,* 

Rain (included In eond. 

ble) • 2,5 

Rain intani« (ineludtd 

in eond. e) »îtt 

tao* (ineludtd in 

eond. e) ».• 

Fog (included in eond. 

b) • 7,1 

Orini« (inelud«d in 

eond. b) *•• 

Noar-Froet (ineludtd 

in eond. c) ia.*> 

Stora (included in 

eond. e) 10,1 

Nail (included in 

eond. c) i.t 

TOTALt 113,0 

l»t.2 Outdoor T«ap«r«tur« and Huwidltv 

Ta« following outdoor teapereture (Dry Bulb) and 
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relative humidity are monthly averages computed 

for the years 1931 to 1*61 iael.  In Madrid. 

Month Temper.<°C) »al.  Humidity  (!) 

January 0,2 í*»* 

February *»0 72,1 

March t,i •*.« 

April 12,8 •*•• 

Nay 17,0 »M 
June 20,» •»•,• 

July **,* »Iti 

August 21,7 W,l 

September 20,0 *»•• 

October 1510 •?•* 

Mova»bar •»• 7§,1 

Decomber S»* '•»• 

l.t.l     Temperature  and  Humidity Control 

To overcome  variable outdoor  teat  resulta, du«   to 

unfavorable weather conditione,  indoor facilitiea 

with  adequate temperature and humidity  control  ara 

recommended  for  moat  taat  araaa and rooma. 

I-     TKANSrOEMER   OIL  HAMDLIHG  SYSTEM 

2.1  Definition 

The tranaformer oil handling  and treatment eyetam is 

required to   fill with  aultable  treated oil and to drain 
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I 
I 
I equipaent to ba tested which will ba transportad to and 

fro« tha  Laboratorios without oil.    Thia systea ia   divided 
T Into til«  following aub-systaasi 

- Oil Storag«  Tanka 
J                               - ruana 

- Distribution Maadara 
7                                 - Piping Networks 
I -    Oil Treatment Unit 

'•' Oil  ttorat« Tanka 

Tha atoraga tanka shall ba  ueed  to recover oil 
drained  fro» equipaent at  various locations   in  tha 
Laboratories.    They ara claaaiflad aa  follower 

- One  tank for storage of usable oil   (75 000  litraa) 
- One tank for storage of  used  oil       (SO 000  litres) 
•    One tank for storage of unusable oil 

(   &  000  litraa) 

Í.Í.2    Location  and Installation 

Tha atoraga tanka ahall ba   located as  closa  as 
possible  to both service  road and railway. 
Underground installation  of tha  tanka  overcomes   tha 
need to  neat the oil  when  tha outside  taaparatura 

¡ ia below  5°C. 

1 
I 
I 
T 

Each tank  ahall have   a »anhole  for eaptying, 
inspecting and cleaning purposes  and shall ba 
•quipped with level  indicatore conveniently   located 
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inalala tha building near tha headert and the puap 

controla* 

Each tank  ahall be aountad on a reinforced con- 
erota baaa and aaeurad  in placa by ataal atrapa 
anehorad to tha concrete fondationa. 

A paint coating and eathodic protection  ahall ba 

provided  for all itoraga tankt. 

J.2.1    Ueablo Oil Tank 

Uaable oil  ie oil frao of contaminante   and of 
adequate  quality for  filling tha  equipaant.  üaabla 
oil   ahall ba atorad in a tank having a  niniaun 
capacity   of 75  000  litraa.     Tha  tank  ahall have  a 
filling pip« with an  air tight cap,    a  vant  pip« 
with a ailicagal daaiccant   rant  cap to  pravant 
water vapor antaring  tha  tank,  a  aupply  pipa  and 
a  raturn  pipa.     Tha  aupply  pipa  ahall  havt a 
foot valva in tha tank  and  a chack valve  inaida 
tha  building to keep  tha pipe filled with oil  to 
inaura proper operation of  the pumpa. 

2.a.*    Ueed  Oil   Tank 

Uaad oil   it oil which   ia  raturnod to tha uaadoil 
tank  for  treatment  before   further uae.     Tha  uaed 
oil  ahall be atored  in a tank having »  aininum 
capacity  of 50  000  litrea.     Tha  tank  ahall have 
a  filling pipe with  an  air  tight   cap,   a vant  pipe 



20% 

with a silica-gel desiccaat  want eap to prevent 
water vapor catering th« tank, a supply pip«  «ad 
i rotura pip«.     Th« supply pip« shall have a foot 
valv« In th« tank and a ehoek valv« insida tho 
Building to k««p  th« pip«  fill«d with oil to 
iasur« prop«r operation of  th« puaps. 

**».»    ««usable Oil T«nk 

Uauaabl« oil is  oil which has b«coa« ao  eonta- 
•Inatod that it  can no longar respond to  tr«at»«nt 
and cannot  b« reused.     Th« uauaabl« oil  shall b« 
aeeuauleted in a  tank having a capacity  of 5  000 
lltroa.    Th« tank  shall have  a v«nt pip«  with  a 
standard weatherproof cap and a r«turn pip«.   Thi« 
oil  shall  b« removed and discarded  in an  appropriât« 
nanner, for thia  purpoa« a auitabl« fitting must 
b« provided. 

2.1    tuwoa 

2.1.1     Fumoso 

An oil puaping system la required mainly for that« 
operations! 

- filling the equipment 

- transferirá oil fro« one etorage tank to another. 

- draining th« equipment or tanks. 

2*1.2 feed PUPP« 

Oil  is supplied  to th«  equipment or to th« oil 
treatment  unit by a feed pump having a capacity 

I 
! 
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of 2,1   litraa/iac. against tha haad raquirad to 
puap tha oil to tha  farthaat point and to tha top 
of th«   aqulpaant  (10 matraa).    With a  «aro  flow, 
th« prosaura  ahall not aaca«d tha maxiaua lnlat 
proaaura of tha oil  traataant unit which will 
allow  propar operation of tha unit,  approxiaataly 
IIS kP«   (3,2  kg/cm2).    A  aacond  pump  with  tha 
•••a  eharactariatlcs »ay ba raquirad  to lneraaaa 
tao capacity whan tha oil traataant  unit  is not 
in  ua«   and alao to  aarva  aa a apara puap. 

2.1.1    Nobila   Pump 

Equipment ia  drainad by ua« of a mobil« puap. 
Thi«  puap may ba similar to tha  faad puap  and amy 
ba  uaad  alao  aa a apara  if only ona  faad puap ia 
lnatallad. 

t.»    Dlatributlon  Haadara 

2.*.1    Purnoao 

Tha auction,  diachari« and raturn haadara with 
ahut-off valvas allow aaay aalaction  of pipaa to 
ba  intarconnactad to fora th« raquirad piping 
natvork.    All  tanka,  faad pumpa, and   diatribution 
natworka  ara  parmanantly  connactad. 

2.a.2    Suction  Headar 

Tha following pipea  and  accaaaoriaa  ahall ha 
connactad to  tha auction h«adar and  ahall hava 

ahut-off valvaas 
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.    • suction pip« fro« th« »tabi« oil tank 

.    • suction pip« fro» tli« u««d oil ta»k 

- a suction pip« to f««d puap Mo.  1 
- a suction pip« to  f««d puap Mo.  Î 
- • *««iek connoct" coupling for r««ovabl« hot« 

to «How connection of onoth«r pump  to th« 

tanks. 
- • therao.tter <0P - IS0°C rsng«)        f 

. • «««pound fous« (0 - 7§ CM and 0-10 k.B/«a 

rang«). 

a.n.s PtrgV"* H««d*r 

Tli« followins pip«« ••• ••••••orlo« «h«ll b« 

eonn«ct«d to th« di«ch«rs« h«sd«r ««d »ball h«v« 

•but-off valva«» 

- a return pip« to th« u««bl« oil tank. 

- a r«turn pip« to th« u««d oil tank. 

r - a di«ch«rg« pip« fro» f««d puap Mo. 1 

' - a diacharg« pip« fro» *••* PU»P *°' 7 

-a "quick connect" coupling for reaovabi« bow 

to allow connection of another puap or th« 

outlet of th« oil tr«at««nt unit to supply 

i plp«a to local otttlata or to return pip«« to 

atoras« tank«. 

] .a «upply pip« to local outlet« 
.a th«r«o«et«r (0°  - 1$0°C rans«) 

| .    « pressure  s«uS«   <0-10 kg/e«2 rang«). 

1 
Ì 
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X« addition, e» the diaeharga pip« of ««eh feed 

puap, before the header, a quick connect coupling 

with a ehut-off valva ia required to allow connec- 

tioo of the inlet of the oil treatment unit to 

the diaeharga of faad pumpa. 

••••• Katwrn Maadar 

Tha following pipaa and aeeaaaoriaa ahall be 

eonnaetad to tha raturn headere and haw« ahut-off 

valvaat 

• a raturn pipa fro« tha loeal inlata 

• a raturn pipa to tha unuaabl« oil tank 

- a return pipa to tha used oil tank 

- a "quick connaet" coupling for removable hoae 

inatallad to allow »anual pouring of oil into 

tha tanka or to connect tha diaeharga fron a 

pump. 

• a pressure ganga (0-10 kg/en ranga). 

1.1 riHfti PfWM 
2.5.1 »urnoao 

Tha piping natworka oonalat of thraa pip« natworka 

aa follows i 

' - piping fron tha tanks to tha headere 

- piping fron tha haadera to th« pumpa 

- piping fron tha headers to tha loeal aupply 

out lata and .return Inlets. 

1 
I 
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>•'•'  Itinntilm 
All piping netvorka shall comply with ill  local 
«odea  and regulations related to thia typo of oil 
installation. 

t.l.l    Local  tupplv Outlets and  Xsturn Inlots 

For tho purposs of flexibility, local supply outlata 
and raturn  inltts shall bo provided to permit tho 
«at of hoaaa of appropriata  langtha to fill and 
drain  tha equipment.    Thoaa  lnlats  and outlata 
ahall have  shut-off valva»,  "quick connect** 
couplings,  pressure gaugaa and  a thermometer on 
tha aupply line.    A by-pass with a ahut-off valva 
ia required  to drain residual oil in order to eliminate 
contamination whan filling other equipment with 
ussble  oil.     A snail vent  pipa with a valve  ia 
also raquirod to renove  air   fron the piping. 

2.».*    Ufnipi* Hoaes 

riexible hoaes with "quick connect" couplings  are 
required to connect piecaa of équipaient to tha 
•oblia  pump,  ths oil treatment  unit, a aupply 
outlet  or a  return inlet. 

' These  hoses   shall be of  aufficient  length  to roach 
any piace  of equipment   in tha  larga hall  fro« tha 
•eareat  outlet or inlet  when  uaing the oil 
treatment  unit or the mobile  puap  and two  <2) 
langtha of hose.    Clsewhare,  aa  in the outdoor 
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1 
I tsst areas, on« or »or« langtha of hos« nay bo 

usad to covar longer diatancea.    Thaaa hoaaa ara 
[ apaolfiad  in tha "Second Equipment Raport" 

»action HV28. 

[ Each hoaa ahall ba nountad on a «oblia hoaa raal 

for aaaa of handling and atoraga (Saa photos 

| Moa. 16 and 17). 

| 2.1 Mobil« Oil Troafent Unit 
i 

2.6.1 Purooaa 

T 
Ì 

Î 

Tha »oblia oil treat»ent unit is apaeifiad in 

datali in tha "Sacond Equipaent Report", Saction 

NV2I. 

Thia unit will ranova watar vapor, dirt particlee, 

air, gaaae, ate, fro» tha oil. 

2.Ì.2 Connactlona 

Thia unit will ba oonnaotad in aariaa with tha 

faad pu»p to eupply "treated" oil to tha équipaient 

or to tha uaabla oil tank.  Tha unit will ba 

connaetad with hoaaa to tha headara when transfer- 

ring oil into tha uaabla oil tank and to tha local 

supply outleta whan filling the equipment. 

Thia unit will treat oil at a »axi»ua rata of 2,6 

litrae/aae. Tha inlat praeeure ahall not exceed 
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• prescribed nanism«, approxlaately 111 k»a 

(1,2 kg/o«2) In ordor to »How the proper opera- 

tion of tho inlot punp mud heater. 

2.7 |pawlnaa 

A complete diagran of tho oil aysten, eneept for piping 

to tho local outlot», la shown on drawing No. 301. 

Dottili of tho loeal outlota and inlota aro ehown on 

drawings Moa.106, 107 and 101. luggoatod locations of 

tho oil pumps, hoadora and loeal outlota and inlota aro 

also ahown on drawinga Mos. 101t 102, SOI. 

I-  LOW PRESSURE AIR SYSTEM  US kft (7.0 M/oVi 

1.1 ptffnltloi 

This system will bo uaod for such gonoral purpoaos aa 

anali conprossod air toola and «loaning by blowing.  A 

»ajor purposo will bo to supply air to nodular piatforns 

•quipped with air cushions whioh aro recommended for 

noving equipment up to 300 metric tons within tho building 

and lator to outside toat aroaa. 

Tha low prossur air ayate* oonalata of tho following 

sub-systems i 

• eoavproaaors  and accessories 
• piping and local air outlota 
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***   fimniigri tU •gftiwlti 
'»'•i Lumi 

This  sub-system  includes  the air compressors   and 
their controls,  on« sir receiver and on« aftercooler 
to g«n«r«t«  *nd to «toro  compressed  «ir. 

••*•*    miff  EtlstltifPfff 
Til« maximum «ir quantity  required  for  th« air 

3 
etishlon platform«  ia  approximately  0,215 m /««e. 
«t  atmospheric pressure,   compressed to 185 kP« 
0,0 kg/cm2). 

••*••    ff»r«f °f Ç^rfç^frlatlcf 

Til«  compressors   shall  compress th«  «ir  in two 
stag«« tilth «n  air cool«d   intsrcool«r between  th« 
stag««.    Th« motora may  b«   connected  directly  to 
th«  compressors  or with  V-b«lt drives.     The 
compressors   shall be  piston  type,  oil  lubricated» 

t.f.*    Compressor Capacities 

One  compressor will handle   the maximum requirements 
for pneumatic  toola,     One   or two additional 
compressor«  are  required  to  assist   the  smaller 
compressor  to meet the  maximum air  requirement 
of 0,215 m /sec.   (st  atmospheric pressure). 

*****    «»loading 

All  the compressors shall  be «quipped with ««to- 
ast ic unloaders  in order tot 
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• )    Unload thi cospiratori whan atarting to pra- 
vant ovarloading tha alactrie motora. 

b)    Unload tha coaipraaaora whan 685 kPa  (7,0 kg/ 
2 

on  ) la  attalnad  in tha racaivar and reload 
I tha eompreiaor whan tha praaaura haa  raducad 

1' 
to «20 kPa (6,3   Kg/on2). 

1.2.6 Racaivar 

Tha coaipraaaora ahall diacharga Into an air 
racaivar.    Tha air racaivar ahall hava tha   ra- 
quirad capacity to  abaorb pulaationt and pravant 
tha cycling of tha  amall compraaaor whan thara ia 
a anali intarmittant  danand. 

1.2.7 Aftarcoolar 

Tha conpraaaad air  ahall paaa  through an mftar- 
eoolar bafora antaring tha racaivar.    Tha   function 
fo tha aftarcoolar  ia to cool  tha air and  raduea 
tha noiatura  contant  in tha  air.    It nay b« watar 
ooolad or air coolad. 

I.I    Ploina and Air Outlata 

1.1.1 Purooaa 

• Thia system conalata of tha conplata piping net- 

work aarving all tha low air praaaura outleti 

and tha connectiona batwaan tha conpraaaora and 

tha racaivar. 

1.1.2 Pipjn* 
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Th« eoapresaora ehall discharge  Inte a eoaaoa 
Min nip«.    Connection» to this aain «hall bo 
•ad« at the top to prevent condeneatlon fro« 
floving into tha idla coaprttaora.    Tha nain  ahall 
be  alopod down toward tha receiver.    Supply 
piping ahall ba equipped with "drip !•!•" wherever 

there la a riaar. 

I.S.t    fr««*1 Air Qutlat» 

Two alaaa of local outlata ara required! 

anali outlata to eupply pneuaatic tools. 

largo outlata to eupply air to platferae 
aquippad with air euahlona. 

gaall outlata  ahall ba  atandard typa  air hoao 
connector» with an  intagral air valva  inatallad 
with a aanual  shut-off valva, proaaura gauga, 
flltar and an ollar.     They ahall be  inatalled  in 
•11 workahopa, aaaaably  rooms,  erection arena, 
•te.« where eoapreeeed air la required to operate 

toola. 

Large outleta ahall be of "quick connect" coupling 
type with a aeparate »hut-off valve and preaaure 
gauge. When needed a reducer can be adapted to 
the»« outleta with a "quick connect" coupling to 
•apply pneuaatlc toolo. Tha ainiaua preaaure at 
•ach outlet when the aaaiaua air capacity la fed 
to a platfora ahall  be  SIS kPa  (S.25 kg/ea2) 
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(tea photos Xas.  1,  2 and It). 

Tho hoaos ihall ba  long enough  to cover tha entire 
•raa where tha platforms will  ba  used except  for 
outdoor  ui< vhtra  it »ay ba »ora  practical  to 
eonnaot  »or« than  on« hot«  in   aariat to  obtain tha 
propar  langth.     Hoaas  shall ba   equipped  with  "quick 
eonnaot**  coupling and shall ba  »ousted on »ovabl« 
hosa  raals for eaaa  of handling  and storage   (See 
photoe  Noa.  16  and  17). 

LI   prt»*m» 
Suggested locations of conpreesors  and   local air outlets 
ara  shown on drawings Noa.   301, 102,   301. 

•>       MICH  PRESSURE   AI* SYSTEMS     2».5  HPa   (250 kt/c»2) and 
t.»   HP«  (55  ki/c»2) 

».1     Definition 

Tha »ajor purpoae of theaa   systems will  bs to actuate 
pneumatically  operated electrical apparatus such  aa 
circuit breaker«. 

*.2     ¡Peecription  of  the Syete» 

Tha  principal  eyetea consists of three   O) compressors, 
3 

each  supplying  approximately 0,023 »   /aec. of air  at 
2 ataoapheric  praasure  compressed to  2*» ,5   MPa  (250  kg/cm  ). 

Provision  for  an additional  compressor  shall be   foreseen. 
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The eoapresaed air «rill be fad to local outlets   In two 
2 

'••parato piping networke, on« at 2*,S MP a  (250 kg/cm  ), 
2 

and tho  other at   5,H KPa  (55 kg/ca   ).     Tho roducod 
pressure will bo  ontainod through  a  contrai proaauro 
roducing station.     Four   (H)  spherical prossuro  voaaola 
will bo  usod  to  accumulato tho  air   at  24,5  KPa   (250 kg/ 

2 3 ea  ).     Thoao rocoivors will have  a volume  of 0,8  a    oach 
and will bo   installed  in paira, ono   on top of tho othor. 
Tour  (H) cylindrical proaiuro  vessala will bo  uaod to 

2 
accuaulato  tho air at  5,k KPa  (55 kg/ca  ).    Thoao receivers 

3 
will havo a  voluao  of 1,2 a    oach. 

It  is  iaportant that tho high  presaure  24,5 KPa   (250 kg/ 
2 

oa  )  vassoio   shall bo  located  in a  rooa whtro  tho aabisnt 
temperature   is  lower than the   supply  piping,   so  that  any 
aoisture  present   in  the   air will  tond  to  condense   in  the 
recievers  rather than  in  the  piping.     These receivers  shall 
bo  located   in  tho  basement  in   a location   as cool  as 
possible,   away  from  adjacent   sources   of heat.      If 
receivers  feeding  air to outdoor equipment are   located 
in this  room,   the   temperature   of this  room shall  be  equal 
to or  lover   than  the  outside  temperature,   even   in winter. 
This  room  shall  be   cooled with  outaide  air when   the 
outside  temperature   is   lower than   the  room temperature, 
and  shall  be  kept   cool  when  the outdoor  temperature   is 
higher.     This  room  shall  be  appropriately  insulated. 

D.S     Piping 

The piping used for this system shall be either stainless 

ateel or copper tubing with welded or compression type 
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*•* Local Outlet» 

| Outlets for both systems (250 kg/cm2 and 55 kg/c»2) will 

bo needed wherever pneumatically operated electrical 

f apparatua «rill be uaad or taatad. 

fittlnga. Tha sises of tha piping will vary fro« 1/9" 

to 1" (outside dlaaeter). 

•».5 Drawing» 

8uggaeted location« of compressor» and receivers and 

air outlets ara shown on drawing» No». 301, 502, 909. 

î •-  WATER TREATMEKT SYSTEM FOR RAIN TESTS 

9.1 Daftnition 

Matar having a resistivity, controllaci« within a »pac- 

ified ranga, is required to achiava tasta under simulated 

J rain condition».  Thaaa testa will b« performed in tha 

High Voltage Test Areas.  Rain tests nay be also conducted 
1 in the Outdoor Test Area. 

This system is divided into the following sub-aystemst 

- delonizer and charcoal filter 

storage tanks 

pump 

- piping,controls and outleta. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

217 

I 
I 
I 
I 
I 
I 
I 

••a    Ptlonlf »  and  Fi|^tr 

5.2.1 Purpose 

This sub-ayst«* p.r.iti th« traataeat of water to 
obtain a coaposition ilailar to that of rala. 

1.2.2 Ottintitv «Qd Quality ?f tfa^r 

Th« required quantity of water  is baaed on  oat 
taat par day using 11,5 litras  por eecond  during 
• 0   ainutes  (approximately *0  000  litre«).     The 
«•tor raaiativity shall be  controllable  in   tha 
ranga of 50 to  250 oha setra, with a naxiaua 
daviation of ± 101. 

Í.2.3    Kaln Water SUDDIV 

Tha  raaiativity  of tha ran water  supply availabl« 
for  rain  taats  nay v*ry.     Two valuaa hava  boan 
givon, 150 and   186 oha »êtres,  thaaa ara  in  the 
aiddla of tha  desired range.     In  order to  obtain 
tho   full rang«,   the  larger portion of the  water 
(ovar 80%) nust  be  daionized  (doaineralised)  to 
increase  its resistivity, and salt must  be  added 
to   the other portion   to decrees«   ita resistivity. 
Th«   final resistivity will be obtained by  controlled 
aixing of the  two components. 

8.2.*     D«lonizer 

Tha   deioniser shall be of the two bed typ«  with 
«eparate cation and anion exchangers  connected in 
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series  «ad with automatic rtg«aeration.    There  it 
»© need  fop a costly aixed bad uait which would 
require  «any Manual operations  for raganaration. 
Tha afficiancy of a two bad unit   (over 1  SOO  oha 
•atraa)   ia wall ovar tha required  250 oha aetres. 

Tha sis«  of tha daionisar and tha quality of tha 
ehaaicala  to ba uaad  for reganaration of tha  anion 
and cation exchangera  ahall ba datarninad after a 
coaplate   analysis  of tha water.     If the water 
analysis   shows that  aalt auat ba  added to decrease 
Ite resistivity,  the reaiativity  of the deionised 
watsr ahould be «attained at  a maximum value  of 
«00 ohm metres  to minimise the  amount of aalt   to 
ba added.     If analysis  of the  raw water shows  a 
resistivity lower  than  50 ohm metres,  there will 
be no need     for salt addition,  and  the reaistivity 
of tha deionised water would have  to be higher than 
250 ohm metres but  with no maximum limit. 

Tha ¿«ioniser shall have  the  capacity to operate 
on a cycle  which can deliver »»0  000  litrea  of 
deionised water and be regenerated within a 
maximum period of 23 hours. 

S.2.5     Charcoal  Filter 

A charcoal filter ia required to remove chemicals 
and impurities such as chlorine from the water in 
order to  permit efficient operation of tha deioniser. 
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Water to which sslt has been addad shall not pass 

through tha qhercoal filtar. This would absorb 

•alt and increase tha reeistivity whereas a de- 

eraasa is deeired. 

Tha raw watar pressura ahall ba sufficient to 

overcome loaaes through tha filter and deioniser 

and to fill the etoraga tank to the top. Pressura 

required will be approximately 34S kPa (8,5 kg/ca ). 

5.3 Storage Tanks 

8.3.1 Purpose 

Tha purpoaa of thaaa tanks  is to store tha  treatad 
water and  to  deliver  it  at tha  outlets  as  required. 

5.3.2 Peionized Water Storage  Tanks Capacity and 
Construction 

Tha water delivered by tha deionizer  ahall be 
stored   in one or two atorage tanks having a total 
capacity of »*0 000  litres.    Tanks shall ba 
resistant to  very corrosive deionized watar. 
Fiberglass tanks ara  suitable  for this application. 
They resiat  corrosion»  will not  contaminate the 
water and are  not  too expensive.     Steal tanks 
lined internally with glass or plastic are  accept- 
able but  nay  cause  some  problems  if  any metal 
should  come  into contact  with the corrosive water. 

Tanks  shall ba atmospheric preaaure  type with level 

Î 
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. controllers to  actuate the  operation of the 
deioniser whieh  shall start  whan tht level drops 
to  35 000 litro« and stop whan th« tank   is  full. 
Tanks shall have tha  following accessories: 

( a top aounted »annoia 
a drain valve 

j -    an overflow 
a water level indioator 

- a high level  safety and  alar* switch 
i 

- a low level  safety and alar«  switch. 

| 8.9.8    Tank Dimensions  and Location 

If two vertical  tanks  are  used,   the dimensions r 
! of each tank would be  approximately H  «etera high 

and 2,5 »etera   in diameter,   according  to the 
j country  standards.     Lower tanks   could  be used to 

fit  available  space but they  will probably be nor« 
) expensive. 
i 

8.*    Delonized Water Pump 
I 1 S.H.l    Purpose 

• This pump will serve to transfer and to supply 

deionized water to the outlets at the required 

pressure. 
I" 

4 
I 
I 

8.¥.2    Pump Capacity 

The pump  shall  be of adequate capacity   (11,5 litres 
per aecond).   The outlet pressure  shall   be  approxi- 

'   stately equal to the pressure of the raw water in 
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ordar to allow eati«f«ctory operation of tht 

•ixlng valva. If naceeaary a praaaura reducing 

valva shall be inatallad in tha aupply Una to tht 

otitlats to pravant exceaaiva preaaur« at tha outlet 

with «aro flow.  Tha artificial rain apparatua vili 

ha va ita own pumpa and praaaura ragulatore and vili 

naad only a minimum praaaura of approximately 98 kPa 

(1,0 kg/cn2) - <Saa photo Ko. 20).  Tha artificial 

rain apparatua ia apaelfiad in tha Equipment ftaport 

HV17. 

8.*.*  Fumo Construction 

Tha pump ahall ba nada of «elected »«tarlai auch 

aa A stainless ataal ahaft and inpallar in a caat 

iron body to miniai*« corroaion and contamination. 

I.S Controia.  Piping and Outlata 

1.5.1 Purpos« 

Thi» «action compriaaa taat water quality control 

and tha piping network. 

$.8.2  Mixing Valva 

A mixing valve actuatad by • conductivity controller 

ahall be uaad to mix the deioniaed water and aalt 

watar in the required ratioa to obtain the daaired 

conductivity (or resiativity). The valve «hall be 

made of auitable materiale to minimiza contamination 

of the water.  A recorder could easily be uaad to 

•upervise the operation of tha ayatem and keap a 
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ratord of tu« variations of the roaiativity of tha 

watar during tht tost. 

When tho raoiativity of tht raw water it lower 

than that of tht water to be uttd for t taat( it 

would bo poaaible to prevent operation of tho brina 

puap by an appropriata twitch and obtain tht 

detirtd roaiativity by «ixiag deionized watar with 

raw watar. 

»•••, »inina. and fittinaa 

Piping and fittinga, including valvee, thall bo 

•ade of non »etallie «ateríale tuch at polyvinyl 

chlorid« and thall bt daeigned for tht appropriata 

prattura rangt. 

••••* Outlttt 

Tor purpott  of flexibility, outlttt art raqulrtd 
in tha   High  Votlag« Tttt Artaa  and  for tha Outdoor 
Tatt Arta.     Each outltt  thall  have  a thut-off valva» 
a"quick   connect"coupling, a praaaurt gauge  and   a 
thermometer.     Each  fltxibl« hoat  uttd for 
conntcting an outlet  to th« rain making apparatua 
ahall  be mounted on  a »ovabl«  hot« reel for aaaa 
of handling  and ttoraga   (See photoa Not.  It and 

It). 
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1.1. ¿rjwjnj 

A eoaplet« dlagran of th« «star treatment syst«n for rain 
tatti ia  shown on drawing Ko.  lOf. 

Ivggastsd location»  of sqtiipasnt and watar outlata for 
rain taata ara shown on drawinga Moi.   301 and 302* 

§-       FLUH1IMC  SYSTEM fO* THE  iUItPMO 

• .1    ftf,nt^on 

Tilla •action contista  of th« following osadat 

- floor drainaga 

- «atar outlets and tarries nodules 

• fira protection 

Notai Tha ragular plunbing systans such aa roof drainags, 

aanltary sewers, domestic watar systewa, sanitary 

flxturss, ite, ara not includsd in this raport. 

••* floor Drainais 

1.2.1 Furposs 

Tha  floor drainaga  aystsa is required   for floor 
olaanlng and  in sona araaa  for ranoval  of watsr 
during rain taats.     Tha watsr to ha ra»ovad nay bs 
nixed with transformer oil from   tha hoses  or tha 
equlpasnt.    Tha system shall ba daaignad to remove 
oil  fron tha wast« watar. 
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'*2»*   rutfoMi Arn Prtln 
In  area where platforms equipped  with «ir cushions 
will b« used, drains  «hall be inatallad flush with 
tha  floor.     In ordar to permit us«  of tha platforms, 
thay shall  ba temporarily  covered  with s pisca of 
thin shaat  matal. 

Uss of a drain with a solid covar  is not recommended. 

'•'»»  mît**«** nn**f hm p^tin 
la  arsa whsra alactríeal  outlata will ba  Inatallad 
in tha floor, draina   shall  ba  inatallad in such 
way that tha floor will  drain rapidly to prêvant 
any water  from reaching the electrical wires   and 
eonduita. 

Thsss outlets shall be   installed  in drain boxea 
connected to the drainage   system.     These electrical 
boxes shall be connected  to drain  piping with an 
air gap in  order to avoid  flooding  the electrical 
conduits  in case of a  drainage pipe should block. 
Xn this case,  it  is batter to have  water in  the 
basement where  it trill  be   absorbed  by the  soil. 

• Suggested  locations  and  details of drains  ara 
shown on  drawings NOB.   302  and  90S. 

•.2.»    Teat Cells  Area Drain 

In areas where explosions  are apt  to oeeur,   aueh 
aa  in the  indoor test  cella, draina shall ba 
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installed near * wall instead of lit tha cantar of 

tha room. 

• .2.5    Mater and Oil  Outlet»  Araa Drain 

It  la recommended,  for  practical purpoaes,   that  a 
floor drain ba  installed  in tha vicinity of  each 
water or oil outlet, mounted in a aervice module 
©r not,  and wherever it  would be  uaeful fop 

cleaning purposes. 

t.2.1     94J. Interceptor 

Through the   floor drainage  system some oil  could 
raaoh the  collection  system,  it  ia  therefore 
neccccary  to  provide  an  oil interceptor.   °*3   will 
uaually  come  from spillage  when connecting  and 
disconnecting hoses  from outlets   and   inleta   or 
from equipment.     The quantity of oil   in these  cases 

will be relatively small. 

The oil removed  from the  drainage  aystem by  the 
oil interceptor shall  be  stored  in  a  tank having 
• minimum capacity of  5  000  litres.     The tank   shall 
be equipped with  a conveniently  located level 
aeter,  a manhole  and a  suitable  fitting for 
«raining  (For  details,   see  drawing No.   309). 

Oil shall never be poured  intentionally into  the 
irainage syetem.     A special inlet  is  provided on 
the return header of the  transformer oil handling 

eystea for this purpose. 
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. A transformer under teat could accidentally break 

and « large anount of oil (up to 65 000 litraa) 

oould gat into tha drainaga eyetea.  Thia becoaee 

• disaster without any treatment. 

For thia abova reason, it is adviaabla not to 

eonnaot tha floor drainaga ayate* to tha public 

••ware but to diacharga it into an open ditch to 

aarve aa atora sever or baiin where the water can 

evaporate.  Should oil accidentally reach tha 

ditch, it can be removed and taken away. 

• .2.7 Pollution Roo» (C-102) 

Du« of the preaence of a high concentration of 
aalt in tha water drainaga  after a teat,  it  ia 
not  advisable  to connect  the floor drainage eyatei 
of the pollution roo» to  the public  aewer.     It 
•ay be discharged into  an exterior open ditch  or 
baain (See  Laboratory Implementation of thia 
Building Report). 

• ••     Water Services 

6.3.1    Purpose 

Thia sub-syte« containa  the piping network, 
outlets and other services required  for water 
aupply for convenient uaage. 

•.8.2    Water Outlet»   • 

Water outlets with hose  connection ahall be 

Î 
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provided wherever they would be useful for 

cleaning and convenience such •• la rooms or artas 

«nor« floor draina ara installed. Thaao outlata 

shall ba 3/H" in diamatar.  Largar outlets would 

ba naadad to supply water to water-cooled equipment 

undar taat. Thaaa outlets shall ba added only if 

thay ara required later, ainea no testing of water- 

cooled equipment ia foreseen 

••»•*  PTE P0°»» 
Dark rooaa need apacial sinke which shall ba 

raaistant to acida uaed for proceaaing filns and 

prints, dilution tanks to dilute the acid prior 

to contact with the sanitary drain and a hot and 

cold watar nixing valve with an appropriate 

temperature controller. 

0.9.1 Service Modules 

In areaa where different utilities ara needed, 

it would be convenient to group then in aarvice 

nodules which would offer the following advantages: 

- ease of locating and identifying the aervices 

reading of pressure and temperature by uae of 

pressure gauges and thermometers. 

eaaa of repaira. 

I 
1 
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Til« following utilities can be grouped in tht 

service modules (••• drawing No. 302 )i 

- compressed air at (7,0 kg/cm ) 685 kPa 

- compressed air at (250 kg/cm2) 2*,5 HPa 

- compressed air at (55 kg/cm2)  5,H HPa 

- oil supply 

- oil raturn 

- rain water 

- fire hose 

- fire extinghisher. 

In addition,  convenient  services can be added to 
the service Modules  such as  sink, drinking 
fountain, paper tower dispenser end  a paper 
disposal  (See  photos Nos.   19  and 21  and drawing» 
Moa.   307 and  308  for suggested arrangements of 

various nodules). 

«.*    ffre Protection 

i.ü.l    Purpose 

This sub-system contains the  standpipe network, 
automatic CO2 system and portable Chemical units. 

*.*.2    Regulations 

Fire protection systems  shall  conform to 
requirements  of local codes, by-laws and insurance 

companies. 
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• .».3    Protection Requirement» 
An acceptable  system,  if no specific  requirements 

er« prescribed by  the authorities having juris- 

diction,  is a standpipe  system with   fire hose 

cabinets and  protable fire extinguiahers  suitable 

for inflammable liquids   and for electrical 

equipment. 

In the  indoor test  cella,  automatic   system using 

carbon  dioxide or dry chemical  shall be installed. 

Aa supplementary protection,  a   few movable  unita 

uaing  carbon  dioxide or  dry chemical  are recommended, 

say 2  per teat cell room. 

t.B    Drawings 

Details  and diagrama of these  system«   are  shown on drawing 

Moa.   302,   303,   307,   308  and  309. 

7-       HEATING  SYSTEM  FOR THE BUILDIMQ 

7.1    Definition 
This system  is needed to provide the   temperature  control 

necessary for  satiafactory electrical  equipment testing 

and to maintain comfortable conditiona  for  th« working 

staff. 

This system  is  described  under  two headingas 

- Design  criteria  and heating equipment. 

- Areaa  to be heated and  equipment  location. 

Detailed deaign of this  system shall  be in  eonjunetion 
with the Architect  and Structural designers. 
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7.2     Pesian Criteri«   and  Heating  EflttiPWifft 

7.2.1   rwp?»« 
The following design criteri«  and equipment 
••lection will provide th« mo«t effective   environ- 
ment  from th«  «tend  point   of  test efficiency, 

p«reonn«l confort and capital  cost. 

7.2.2      Paaian  Crifria 

Except   as otherwise  voted th«   following design 
erit«ria will be u««d for h«ating system d«sign: 

- Design minimum outdoor Dry  Bulb temperature:-7  C 

- Design indoor Dry Bulb  temperatures (winter) 
,o, f shall be maintained  in within + 1  C of   the 

Mentioned  value«  for   the  different areas. 

J -    D««ign indoor humidity  (winter) «hall b« 
maintained in within i   5%  of the mentioned 
values for the  different  areas. 

- Design wind velocity:2* k«/hr. 

- Transmittance of wail  and  roof 0,0«*5 cal./(hr.- 

cm2   -°C> 

The »pacified transmittance  value for wall  and 
roof takes  into consideration  the cost of   the 
wall or th«  roof and the   cost  of Electricity. 

7.2.S      piectric Heating Coilt 

The hasting coils  shall  be epa« typ« wltn  bar« 
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helical heating elements la direct contact with 
th«  air« 

Th«   coil« shall be circuited to heat uniformly 
across the face area  even  at part load.     The 
capacity  shall be nodulated either by  staging or 
«ill  full modulation.     The  maximum differential 
between  stages shall  be  3°C.    A higher  differential 
would causa frequent   cycling and  overheating. 

T.2.*      Electric  unit Heaters 

Th«  electric unit heaters  ahsll  give a  maximum 
temperature rise of 25°C to the air paasing 
through  the heater so  as  to minimize air stratifi- 
cation.   The maximum capacity of each unit shall 
be   United to 10 kw. 

• .t.*      Thermostat location 

Th«  thermostats may be located on the  unit heatera 
or  on the wall about  1,6 m above  the  floor. 

7.2.«      Humidifiart 

Steam humidifiers are  recommended because they 
have better efficiency and  need  less maintenance 
than water type.    Small electrical boilers  are 
suitable   to produce  steam using water having low 
hardness   to prevent blocking the  humidifiers with 
seals and carrying scale dust into the  rooms. 
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7.1    Ar«fff  Î9 »•  «••!** , »"4 Egyipment Location 

7. S. 1       Purpose 

This   •action describes   tht local»  to bo   heated and 
their haating conditions. 

r 

1 
\ 
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7.I.2       Basement  (A-001.   A-002.  A-003) 

Thai  minimum tamp «ratura under tha first   floor 
slab  shall  ba 2<+°C to maintain a suitable levai 
to Minimize air Movement causad by   a cold floor 
in  the Test Area«   (A-10U, A-105). 

These basements   shall   be heated to   compensate for 
heat   losses and  maintain the required  temperature, 
Electric Unit heaters   controlled by   individual 
thermostats shall be  suspended fro»  the   ground 
floor slab. 

7.9.1       Control Rooms NosT   ?t   6, 7  {A-101,   #-¿02, A-t03} 

Bark  Room (A-106) 

Corridors (A-107.   A-20S) 

»font Observation Room» {h-tfU ft-ffl?) 

Conference  Room  {A-203) 
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Tli« heating system of th«it areas i«  incorporated 
into th« «ir conditioning iy«t«» (••• 8.3.2) 

7.3.H       Hlah  Voltea« T««t   Ar««« Not.   1  and   2  (A-10t.A-105) 

Th« t«*par«tur«  «nd humidity  in theee T««t Ar«»« 
•hall b« maintained ««  follow«: 

- At  floor  l«v«l 20°C «inimu» 
- At «tiling l«v«l H0°C »aximum 
- Temperature differential 

fro» floor level to a 
height of Si. 5°C »emimu» 

- Relative humidity 3 5* minimi» 

To »inimiae  temperature variation«   du« to haight 
in these very high areaa  (higher then 25  ») the 
following ayateme   «h«ll haat   th« High Voltag« 

T««t  Arta: 

Hatting system for tht Service   Corridor 

between walla. 

Heating of the Test Ar««. 

Heating Requirements» 

Heating System for tht Service   Corridori 

between wall«: 

For better acoustics, heating»   atrueturt «nd 
•cots«  to services,  the w«lls   «round tht High 
Voltage Teat   Areaa  ahall be double well type. 
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Til«  spacing between the outaidc wall and the 
interior  acoustical and alectrical shielding 
partition   «hall be 1,0 metra.    Thai« spacca 
shall b«  divided into  four  «quai  lavala  of 
eorridora.     To próvida uniform temperatures 
in tha Teat Areaa, tha  haat   losaaa through tha 
wail  will   ba compensated by   heating systans 
la tha corridors between walls at  aach  lavai. 
Theaa  ayatatnt will consist  of alactric  unit 
haatars   inatallad 3 netraa   abqva  tha floor at 
aach  lavai.    Tha unita  ahall ba    x aced  to pró- 
vida  uniform haating throughout.     Each  unit 
heatsr ahall ba controlled  by a thermoetat sat 
at li°C. 

Haat ins of Teat Arts 

Tha  haating ayatem of this   Area la  iaeorporatad 
into  tha   ventilating ayate«   (See  l.3.3.c). 

T.l.i      Mechanical  Roo»  (A-20H) 

The mechanical   room shall be heated to maintain a 
temperature of   20 C to minimise  heat transfer fro« 
the  adjacent  rooms by a thermostatically controlled 
electric  unit   heater. 

T.I.»      Wtehryom     {A-20,6? 

Zn this room,   thermoetatically controlled baaeboard 
heating elementa |hall ba installed to maintain 
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7.1.7       tyiltiutlc  Tot  Hall   (B-101) 

The  temperature   in the   Synthetic  Test Hall shall 
bs Maintained at   20°C  minimum.    Electric unit 
hsaters shall ba   installed along  the wall 
perimeter at a height  of 3 metree   above  tha floor 
and  shall be controlled by wall thermostats.     The 
large door will  be opened only occasionally» 
preferably  after  working hours.     If it   should b« 
epsned during a  cold day and the  roo» temperature 
should drop, the   heating system ehould be able  to 
raise the temperature  back to normal level within 
12 hours maximum  after the door has been opened. 

f.i.i   infinit <c-on> 
To maintain the   required floor temperatura in  the 
rooms above ,  the   temperature   in this basement  shall 
not drop below li°C.     Tha necessary heat shall be 
provided by thermostatically controlled  unit 
heaters. 

T.I.I .     Transformer Test   Area   (C-101) 

The design  temperature  at floor level shall be 
I0°C.    The maximum temperature permitted at roof 
level shsll be H3°C. 

Electric unit heaters  shall be installed 
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approKiaataly 3 a «bove tha floor, «long tha 
pariaatar of tha taat aro«.    Additional alaetrio 
unit haatara shall ba inatallad whara  infiltration 
of outaidt air aay  occur  and to provida additional 
haat  to raatora tha taaparatura aftar tha  door has 

| baan opanad.     Haatara ahall ba controllad  by 
wail  tharnoatata. 

1 

I T.i.10    Entronca AdJacant  to Tranaforaar Taat Araa 

Tba roo» taaparatura ahall ba aaintainad at 20°C 
I 
I at floor lavai. 

] Tba ealculatad haating load ahall includa: 

Tranamiasion loaaaa through tha wall,  roof and 
door.     Infiltration around tha psrimatar of tha 
door.     Cold transformara  or othar equipnant 

| brought in fro» outaida   for taating  and to ba 
rahaatad to room taaparatura within  12 hours 

] aaxiamm. 

1 

i 
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Air ahall ba supplied naar tha floor lavai and 
raturnad froa tha coiling lavai. 

Tha haating unit  shall  compris« an alaotric 
boating eoil and a  fan. 

A wall  tharaeatat  ahall  modulata tha  capacity of 
tba eoil to aaintain tha rooa taaparatura. 

Mavaally tha fan ahall ba oparatad continuously 
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during winter time and be off during the summer 
ti««. 

T.t.n    »oJLWlo» (C-102) 

In the pollution roo», the hosting syst«« shall 
be of tht radiant panai typa with heating 
alements lnetalled in tha exterior wallt, in 
order to avoid having these elaaents being in 
eontaet with tha vary corrosiva  atnoephsre in thia 
roo«.    This    ayste« shall »aintain a «lninu« 
temperature of 20°C at floor  lavai. 

T.1.12     Hooting Room   {C-f03) 

Tha temperatura  in this araa ahall ba Maintained 
at 20°C at floor level. 

Elaotrio unit  haatara shall ba   installed approxi- 
mately 3 n above the  floor along the perimeter. 
Eaoh heater ahall be controlled  by a wall ther- 
mostat. 

T.I.II    Corcha Room {C-;<H») 

Tha heating ayatem of this Araa  is incorporated 
into the ventilating system  (aea  8.3.10). 

t.•.1»    Control Rooms  Nos.  9. 10  (C-105,  C-106) 

Tha heating system of these  araaa  is  incorporated 
into the air conditioning system  (see 1.3.11). 
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» 7.t.II    EweriiDQy Ganarator Roo« (B.ooii 

Dlitributlon Cantra   (D-ooil 

I **• ta«paratura of thaoa art«* ahall bo »aintainad 
•t ll°c by thanaoatatlcally controllo* unit haattra 

I 7.1.1t    liMitnt Corridor (D-oo»> 

*»• tanparatura of till« bataaont «hall bo »ain- 
tainad at • alniaua of 1I°C by ••an«  of tharao- 
•tatically controlled unit boatara. 

7.1.17    Infrphona Eoulpaont  Roo» (D.oofJ 

Tolaphona Eaulpaant  Roo» (p-ooe) 

Th« hooting ayataa of thaoa araaa  la  incorporata* 
in tha air conditioning ayttaa (too  1.1.II). 

7.»."    Oil Trtaftnt Roo«  (D-lOlì 

Tha tanparatura of thla  roo» ahall  bo aalataiaad 
•t opproxiaatoly 20°C by thar»oatatlcally aen- 
trollad unit haatora. 

7.S.lt    auxiliary Machlnaa   (D-102) 

c°**iio*  (D-103)   -   Stora  (D-106)  -   thlpplnj and 
Kocalvlng Araa   (D-108)-   Rapalr  Shop   (D-101)  - 
Pipa  Shop  (D-203)   -   Corridor  (D-20») 

] 

I 
I 
! 

Tha tanparatura of  thaaa rooaa ahall  b« «aintainad 
at  20°C by tharnoatatically controllad unit haataro. 
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9.1.1t   un Am U-191) 

•aitimi [j-Wì 
la theae rooaa, theraoatatteally eontrolled 

baasboard heating eleatentt ahell 1»« Installed ea 

tao anterior valli te aalntaln 2«*°C. 

f.a.u   Hut Utili » »lait»! *î»9ï iB-jg|> 

•tti^rh Ifcw <P-?9t) 
HmiitfiA yyr^ffcffi (g-?9f) 
Tti« teaaerature of theae rooii «hall be aelntelaad 
at tO°C alalaua by thereostatlcally eontrolled 
«alt haatara. 

tilt   imitlfn lli«»tm JHifRait iÈ'tni 
The temperatura la tal« area ehall ha aalntainad 
et  I0°C  alnlau*. 

Ilaetrlo aalt haatara   controllad by wall therao- 
atats aaall be installaci aloag tha ester1er valla. 

V.l.tS    aottrv Wachin« AMMìUT» UuUmani  (E-0P1) 

Corridor  (E-002)  -  Contribution Cantra <l-QQ3) 

IThe temperature shall be aalntainad at li°C by 
tkeraoatatlcelly controllad aalt  haatara. 

I 
I 
I 
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7.1.IH    latarahona Eauipaaat Roo«  (E-O0S) 

Talaahona Equipment Room  (E-006) 

Til« heating ayataa af thaaa  areas la Incorporated 
lato  the air conditioning  ayataa <8aa  1.3.23). 

7121    Mala  Machina Hall   (E-101) 

1 Reactors.  Resistances and Condensers  (E-103»E-201) 

Tha taaparatura   in thaaa  araaa  ahall be Maintained 
at  20°C ainiaum.    Elactric  unit haatara controlled 
ay thermostats ahall be inatallad along tha 
aatarior walla. 

f.t.M    Caatrol Rooa Mo.   S   (1-102Ì 

Tha haating ayataa of thla  araa ia incorporated 
iato tha air eonditioning ayataa (See 1.1.21). 

IBMLML. 

T.3.17    Eauiaaent Rooaa   (f-OOl.  r-001) 

la thaaa rooaa  tha  teaperatare ahall ha Maintained 
at  li°C ainiaum. 

Theraostatically contrallad aait haatara  ahall 
próvida haat. 

7.S.2I    Caatrol Rooaa Moa.   1. 2.  I.  »  (r-101.  r-U2. 
j r-113.   r-12S) 

Client Observation Rooaa  (r-102. r-lOt.  r-UI. 
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r.ii7. r-202. r-20») 
Dark  Room,   (F-IO*.  F-108.   T-llI) 
office (r-119. F-no. r-m* r-ua) 
Obaarvatlon  Roo« (F-201) 
Conftrance  Roo«  (F-205) 
Corridor   (r-20C) 

The heating ayate» of theee areaa  it  i»oorporated 
into the  air conditioning  «yete« (See   t.t.21). 

T.l.tt   *aaa«hnr »POM (r-iot. r-107. r-ioa» r-ion 

Til« Mating ayetan it  incorporated  into the 
ventilation  eyetea (!••  1.3.21). 

Til« temperature of this *•«•• inali be  maintained 
•t 20°C by theraoataticalljr controlled «ait 
»••tara. 

I.I.Il    limb Currant amé Dirait  Current Laboratory (f-Ull 

Til« baa ting «Mttn ia  incorporated  into the 
ventilation  ayate« (laa  t.1.11). 

T.I.If     fat Calla  Hoe.   1.  2  If-ll». f-llt) 

Ttiao« calla  »hall b« Maintained at  20°C by 
thernoatatically controlled unit baatart.    If aa 
•«»ioeion  ehoald occur tba  daaaged bastara eaa ba 
pnfieeed. 
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7.1.II    Cli»«tlc  Roo» Eaulimant  ír-12») 
Cll««tlc  Tagt Roo» (M?!) 
Amto-Chtmbr. Llllüi 

ror datallod description of oquipaont and tyata« 
In  thaaa  arm,   ••• Equipment  Ilasort HF  II. 

TI.M  ttrrUfn U-lP. r-tt«> 
Til«  taaaarature of tho corridors  «hill ba 
•al«t«ln«d at  20°C by tberajoatatically controlled 
««It  «««tort or baseboard hosting alenante. 

f.l.M    Lockere   (r-121)   -  nast   âraa   (r-12i) 

I«  tfease areas,  thernostatlcally  controlled base- 
board boating elaaente  ihall bo  laetalled a« ««ta- 
rlar walla to »«Intal«  2«*°C. 

T.I,M    Maobaalaal Eaulaaant  Rooa (T-20«») 

Til«  N«obanlcal Equipant Roo« «hall ba heated  to 
•alatain a te«««ratur« of 20°C by  a tharsostatlcally 
«•«trellad unit  heater, to «lnialao baat transfer 
fro« adjacent rooae. 

?••.•*     laa«—nt   (C-001Ì 

Tbl«  baaaaont aball ba htatod by  tbarneatatleally 
aoatrolled unit baatoro ta Minta!« a »Ini««» 
tomarature of II C. 
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T.s.si   offi««« ifl-ioi. a-aai> 

Til« haatlng ayataai «f taaa« araaa  I« Incorporated 
into ta« sir  conditioning lyatea (taa l.l.tl). 

Tyaloal diagraaa M4 details are eaewa •• «rawlaga lea. 
Ml, ioa,  101 «»4 SOI. 

•-      IMtlLATIQM 4MB all COMP IT lui Hfl iT    EMi FOI THK  lUILBIMfl 

• .1 

Tili« ayetea la  ncoeeeary to provide ta« teaiporatwr» tué 
ewaldlty control aeceiaary for a »atlefactory electrical 
•fulpaeat  ttitlng «ad to Mintala coafortaale condition» 
for tho working  ataff. 

Ill It ayate» It doocrlbod under two needing»! 

•    »ealga criteria  and e#.wlpaent. 

-    âroaa requiring    air conditioning or ventilation. 

Tti« detailed deaign of tala ayetea »nail a« «arrlo4 eat 
la  aoajunction ulta  the Architect and Structural  detlgaert 

••*    •••*•» Crlfrla and   Eculaaaat 

1 1.1.1      faraoaa 

Tae following 4aaiga criteria and  a^ultaont 
1 «election will provide taa Mat affectiv»  aavi- 

renncnt fro* tha at and point of taat efficiency. 
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portOMoi •••ftrt «né ««pitti •••t. 

•••••    HiUi firiitrii 
fnooat •• otherwiaa not«* tho following dooign 
orlterla will ha uaed for ventilating ««4 «ir 
conditioning  evotea dotigni 

-    Naif« «inloua outdoor too««roturo t       -T*C. 

• Haiga aaaiaaa outdoor tomo «roturo« i  lt#C dry 
•wife. 
tl*C «ot 
»Ol«. 

• hooifa inéo«r iry lui» t«a»or«tur««  (viator 
or HiMr)  ahoii »• aolatalned in within f 1°C 
of too aoatioaod valu««  for tho differont arooo. 

• Malga indoor haaidlty (Vint«r or tuooor) 
•noii ha «ioietoin«d in within •. 1% of tho 
nonti «a o 4 valuó« for tit« dlfforont aroaa. 

• Half* wind velocity i   t« ka/hr. 

• Tronanlttonco of walla «nd rooft 
•,•«1 oal/(hr.   * «n2  -  °C). 

Tho aaooifiod tranaolttanoo valu« for walla and 
poof tokoo into oonoldorotlon tha «oot of tha 
«oil or roof ond tho coot of olootrieity, 

l.t.l     fjaj, 

roa« oholl ho centrifugal or onial tyao for 
ayeteaa having ductwork r«alotaneo. 
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»»•teller f«n« shall be used when there  is no 
resistance. 

••*•*      Orlile«  and  piffMftrf 

•rille«  and diffusers  shall be  selected  to 
provide  en  uniform distribution of tho  «ir 
without  drafts  and noise,   «specially  in  tho sir 
conditioned «rese.     Direction and volume  control 
•noil be  provided. 

*****       Taoraostef  ^^t^B 

Thermostats  »hall ho  located preferably on  the 
»all st  about   1,1 • above  the  floor. 

I«  the Control Rooms,  High  Voltage Teet Apeas, 
Corona Roo«,  etc., where  delicate testing 
instrument!  are  used,  the   air supply  ehall  be 
adequately  filtered  by  standard   filters,   having 
a   dirt  holding  efficiency   of  approximately   371 
for dirt  sise  of 0  to  5 microns.     Higher effi- 
ciency  filters may be required  depending on  the 
environmental   conditions   at  the   site. 

••*•'*      Air   Intakes 

All outside  air intakes through  the walle,   shall 
bo   equipped  with weatherproof  louvres.     The 
louvres   shall   be  sisea  for  a Maximum velocity of 
2,5  m/sec.     At  higher velocities  rain or snow can 
b«  drawn  in by the air. 
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ia*f «ir Intake» anali M ««.ttlnped «lth »••«• •* 

»anthouae» having louvraa. 

t.t.t  âlr Emhauatt 

Vail annalista shall ba equipped with weatherproof 

leavree alaed for a aaniam* velocity of 1 •/••c. 

to alnlmiae noia« and prasaura drop. Roof 

aaaauats ehall ba equipped with hood» or panthouaea 

having louvre». 

t.t.t    i,r4ttr«•f 
Ail air intakee and ennauata anali bo equipped 

with blrdscraana *n tha building aid« of louvre» 

to prevent blrda fro« entering tha duct». 

t.t àmmma rooulrln« Air Conditioning or Vantllatloa 

••••1  £i£ft2£l 

Laoala where air conditioning and/or ventilation 

ara raquired ara doacrlbad in thit oub-aaction 

and environmental requlrementa ara outlinad. 

KW "*" 
t.t.l  Control Roo»» Moa. I. f. 7 (A.Iti. A-102. »-1Q3) 

Çliant Observation Roowa (A-201. á-202) 

Conference Room (A-203) 

Park Room (A-106) 

gorrldors (A-107f A-205) 

la the»« room», in winter aa «all a» in answer, 
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taataerature •»* humidity aliali be maintained as 
fallavat 

-  Relative Humidity in 
Winter temperature I»°C. 

Suaaer temperature m*c. 

YflUttU?R! 

â positive pressure  shell be aainteined In these 
rooae to prevent Infiltration of air and dust, 
eacept   in the  dark roo« where  a negative preesure 
aliali be aaintainad.    This will  prevent «scapa 
of   odori which  will thus  be «Khauitad rather 
than  recirculated-. 

I Tor adaqutte  ventilation thara   shall «ot ba  lass 
than  •  air changea  par hour, with a ainimua of 

j 0,001(6 a /sac.  par m    of  floor araa of fraah air. 

leT  Ç?MlfronlM Systemsj 

Tha  air eonditioninf systems shall ba dasignad 
to  satt  tha abova  mentioned critaria.     Individual 
oontrole shall  be  provided  in each room to  cos- 
pensete  for variations in heat   gains  or losaas. 

•.!.•      |tMh   Voltate   Test   Areas  Mos   1  and 2   fA-10».   A-105) 

ma   temperature  and humidity  in  theaa  Test  Areas 
shall be Maintained as followa: 

-     At   floor lavai Î0°C minimum 
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I 
I 
1 -    A« o«iling Is val %0*C «a*i»u* 
' -    Toaperature  differential 
I fro« floor level to * 

»sight  of •  »otros S°C »SKIMU* 

-     Huaidity 18% minimum 

' Tho  Toot   Arato  ohtll  bo kopt undor positivo 
, pro asure   to provont  infiltration  of oir and dust 
1 fro» tho  outside snd  adjoining sress. 

] To »ini»ise toaiporaturo variations duo  to hoight 
tao  following systems  shall host  and/or vtntilsto 
tao  Nigh  Voltago Ttst  Aroat 

t)     Vontilatlon  systo» for  tha Sorvioo Corridor 
botwoen walls. 

s)     Attic  vantilstion  systosi 
«>     Tost  Aras ventilation  and humidifying systo« 
d)     taoko  evacuation   systosi. 

faatilation  Moulroaonts 

•>   Yt?>t||.o^|on syttfB for fhf itrv|if tm^tr 
if*wtfa **ll*ï 
Ventilation  systems, at  oaeh   level,  will 
supply  fresh   air and exhaust   tha war» 
air when  the   inside  temperature exceeds 
tO°C snd is  higher  than  the outaide  tem- 
perature.    This will he  accomplished  by 
using appropriate  outdoor  snd   indoor 
thermostats  controlling operation of 
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•««•list fans «nd frttti air  Intakes.    Th« 
quantity of tir •kill b« «quel to • 
•lalnu« of H air changas p«r hour. 

*>    Attic Ventilation SytttW 

Til« suspended  c«iling in th« T«st  Ar«« 
«ill for* th«   floor of an  attic that will 
••r»it tcctii  to light«  «nd  to fixed 
»•inte that will be u««d to  eusp«nd «quip- 
Mit  in th« ar«a below.    This attic «hall 
b«  ventilated by two or «or« theraostat- 
Ually controlled ««baust   fani and two  or 
•or«  fr««h air  intak«  fana   to r«*ov« th« 
b«at g«n«r«t«d  by th«  lighting «yste»  and 
«th«r sources   «uch aa  heat   transferred 
fro« th« hall  to the  attic   through th« 
«ailing and th« effect of  th« sun on th« 
roof.    This syat«« «hall  operate when  the 
attic t«»p«ratur« «xc««ds   2H C.     The 
•¿••ntity of air required  shall be 
••loulatad for a differential of S C 
Mxlaust to liaUt th«  temperature  In th« 
attic to 10°C  wh«n th« outaid« temperature 

1«   36°C. 

c)    f»»t Area Heating, V«ntll«tion and Hu»ld> 

ifylng System: 

I« order to compensate  for  the heat and 
humidity losses du«  to th«   lerge door. 
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the  ventilation  syete« shell be designed 
to hoat and humidify ths areas in addi- 
tion  to supplying fresh tir and maintain- 
ing • positiv« pressure. 

Tho  largo  door «rill bo oponod only occa- 
sionally,  preferably  after working hour*. 
It it  should bo  oponod during a cold day 
and   tM room temperature should drop,  th« 
hooting and tho  hunidifylng systosi shall 
nava  enough capacity  to overcome  tho losaaa 
and  to rais« tho  tonporaturo  and hunidity 
levai back  to normal  in 12 hours  aftor  th« 
dooro havo b««n  oponod. 

sufficient  outoido air shall be adaittod 
aontinuouoly to  maintain a positivo 
prasaure  in th«  aroa  relativo to  tho 
out s id« and adjacent  areas 

fko   heating coll  shall havo  sufficient 
«apaclty to ralao tho   inside  temperature 
from H°C to 20°C  in a maximum period of 
It hours with tho  Intake dampers  closed. 
Thi«   low temperature   condition may occur 
aftor the  largo  door  haa been opened  in 
sold  «feather.     A  aeparate system with 
supply grilles  preferably located on 
tho   «falls  near tho  floor may be  uaed to 
supply tho additional  heat and humidity 
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I ts osmpensmts for ths  large losses du« to 

»penlng of th« door.     Thia ayate« will 
I recirculate «ir without any freeh  air make 

tip «ad will heat  and humidity only whan 
I th« nomai  ayatam ia  not abla to  Maintain 

th« temperature and humidity. 

I Air supply capacity muet b« auffielent 
t« provide  a minimum of on«  (1)  mir chang« 

I in four (1)  hour«.     This air ahall ba 
supplied at low level  to h«at th«  eoldeat 
tir and th« raturn air grillai  ahall ba 
placad at  high lávela   to r«mov«  th« 
warm«at air. 

The aupply  air temperntur«,  during th« 
winter, • hall not exceed  *0°C to minimice 
air atratification.     A higher temperature 
w«uld cimi a too larga difference 
between th«  temperatura« at  floor  and 
aailing lévela.     A gravity exhaust 
ventilator  inatalled on the roof will be 
usee to exhauat  air when freah  mir ia 
supplied. 

«)     ||?hf EvacuffHoB  Syftfm 

The main purpose  of thia «yatea  ia to 
1 exhaust tthe  smoke  and  hot air and relieve 

the preaaure which would be cauaed by a 
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fir« end t« v««Ulat« the ir««, •rarity 

tjr»e ventilators shell be op«r«t«é nenuelly 

••4/or autoneticslly by fir« detecting 

d«vicss and install«« 011 th« roof. 

Tfc« ni« Ismo arss of these vsntiletors 

•kail be equal to orno (1) ajuaro «otra 

f«r each 110 aguara nôtres of floor araa. 

1.1.»     HtlUiila fini U-?9M 
ft)« Rochan leal Roo« «hall bo ventilata« »y a 

thers>ostaticslly eontrollod exhaust fan and fra e h 

«Ir intatto to re«ove the hoot gaina vhaa th« 

t««f>ereture ia abova t*°C. 

Tba quantity of air «hall bo •«ffleiont to prevent 

til« tanparatura fro« exceeding %0°C. 

I« this ara« air shall ba enhauatad at « nininun 

r«to of 10 air changos par hour to reswve odora 

««4 to prevent thaaa odora fro« soaping into 

adjacent areas through transfar grilla«.  Th« «ir 

«ill COMO fron adjacont locala. 

M** "I" 

I.I..  to«th«tU T«st Hall (B-101) 

Th«rstostatieally eontrollod froah air intakes and 

anhaust fans shall «»orata whan tha t««»«rature 
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rleee above 2*°C.    Tli« «ir quantity ahall be 
•efficient  to provide a «inl«ua rat« ef on« (1) 
•Ir Chang« par hour. 

Èhm y 
• •••V      Tranaforaar Taat âra« S»il> »lanu» ly.aoij 

Tfcla  rooa la a supply chamber far the  ventilation 
ayate« of the Transformer  Taat Araa.     Tha  floor 
•f this roo» ahall have a  eultable  flnlih ana* ahall 
be drained  to prevent  any carry-over of dust and 
»atar  in tha Tranaformer     Taat Araa.     Tha  calling 
of thla roo« shall be  adequately  iaeulated to 
prevent condensation on  tha  above floor. 

*****      Tranaforwar Ttat Araa (C-101) 

In tha Tranaformar Taat  Ara«   (C-101)  taat« will  be 
performed on equipment  that  nay generate  a larga 
amount of heat,   approximately 2 000  kw. 

In ordar to Maintain a  satiafactory  temperatura 
in  thla room,  a aaparat«   ventilation  ayate« ahall 
ha daaignad to operate  whan  tests  ara  performed. 

To  obtain  a  reasonable   rata   of ventilation,  tha 
ta*perature  differential  between  the  outside air 
and   the manimum  permissible   inside  tewperature  of 
HS°C  «ust  be  as   large  as   poaaible.     If   11°C  ia 
taken aa the minimum temperature differential! 
110 » /sec.  of air must  ha  circulated.     This would 
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parait testing th« largest  traaaformere «noe th« 
outdoor temperature de«« net eneeed  32°C.    Ter 
«••lier transformera   tti« outdoor  temperatura may 
be hlghor  because of  th« lower neat output. 

The ventilating «ir  «hell be discharged at the 
perimeter  of th« t«at   aro« aa uniformly aa 
««•albi«.     Tb« manimua  velocity  at  th«  supply 
grill««  «hall b« 7,5  »/««e.     if  floor grilla« ar« 
usad  instead of «fall  grill«*» th«y  should withstand 
th«  «aa«   loading a«  th«  floor and  b«  depressed 
•lightly  to parait the   installation of ataal 
platea which would b«   fluah with th«  floor. 
Th«a«  plata« ar« n«c«a«ary to parait  th« trans- 
portation  of tha transformar« on   air cushion 
platforms.     Th«  grilles  «hall b«   «quipped with 
aanuai balancing dampers. 

Tha  enhaust air hoed«   ahall ba lecatad  at roof 
level  and  ahall be equipped with  stetorlsed deeper» 
and  appropriât« birdscreene. 

Outdoor air intaktß  ahall be located  away fron 
aouree«  of contimination and «hall  be  equipped 
with  Motorized  dampers   and  weatherproof louvre« 
or hoods  with bird*cre«n«. 

Outdoor  air and room  air ahall be  mined 
automatically to obtain a  supply  of air at a 
minimum temperature of  IS C. 



til 

There anali ba at leaet % •«••ly '•*• eontrolled 
by roo« thermostats In  such  a way  that tat siala«« 
•«ubar of  fans  aliali oparata liaultaneously 
depending on tha  teaperaturaa and  leading. 

The anhauet, air  intake and recirculation daapere 
•nail ba divided   into tha tana nu*b«r of ••ction« 
•a thara ara fana.    Thereby  aieh  *•» ahall oparata 
with  its aactlona of denpere only  to obtain battar 
aantrol. 

laah  fan anali ba equipped with a  »«tarlate or 
gravity damper to pravant "by-pas« ing" through  tha 
fana not  in operation. 

rana  ahall  ba selected  to have th« «w>st reasonable 
newer requirements consistant vitto  eeoeeaical 
alaiag. 

Tha  friction and  dynamic lonMi of tha air flew 
ahall ba aa  »mail as possible.    Propeller fane 
would  probably ba  the  best  aaltet ion. 

Due  to tha   large   surface area of tha required 
outdoor intake and exhaust  damper»»   they ihould 
be equipped with  neoprene on the  blade edgae and 
a aaaling mechanise at   the blade  «ndi,  to reduca 
aa Much aa   pordble the   infiltration of air to 
and  fron the building. 

«nether possibility would ba ta b«ve eliding er 
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A  UN liait  thernoetat  in the   supply duet   anali 
1 prevent tna  supply  air fro« dropping »alow  H°C. 

•ornally, tli«  fan anali  operato continuously. 

I 
I 
I 

A roo« theraoatat  anali  ««¿«lata tna outdoor air 

ami tho ratura air daapere aa «all aa tna  haatlnf 
••il ta aalntain tao room tooaersture. 

• •••Il    Cutrol Rooaa Won,  «. 10  CC-lOi. c-iotl 

I« thaaa rooms, la viator aa wall aa in iwnfr, 
toaper ature and hunidlty anali »a aalatelnod aa 
fallava t 

- ftalativa  hualdity ••% 
- Viator to«r#raturo tf#C. 
- lusnear temperature t**C. 

»•atllatlont 

A positiv« pro sturo  aliali »a oalntelaed to  prevent 
infiltration  of air anal  dual. 

For adoquato   ventilation   thar«   shall not  bo   laaa 
than t air changea  par hour,  having a alaimun of 

1 s 
• »00166 a /eoe.  par a    of  floor area of tro oh air. 

Conditioning Systeme; 

| The air conditioning systems  ahall ho designed  to 
Met  the above nantlonod   critarla.     Individual 

I controla shall be  provided in  each reo» to  con- 
ooaaate  for  varlationa  in heat  gaina or loaaea. 
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«ft« 

i.i.ii mrmu °tnfiitr MM ll-tni 
I«  tbl«  roo* tit« t«*B«r«t*r« •noil »ot «KOO«4 

*09C «ad  th« ventilating ay«t«a «b«U bo d«alga«d 
to  r««ev« th« hoot  cr«ate4 by th«  generator. 

I.I.II  mitri im [Mnì 
In  till« roo« • ventilation ayate« d««lga«d  to 
•nh«u«t  air «t a «ininun rot« of  10 changea  »or 
bovr would be required   If b«tt«rl«a containing 

••14 aro  u««d.     Tbl«   «yate« shall bo «ad« of 
«•tarlala resistent   to ««eh «cid. 

1.1.1*    la««««nt  Corridor (P-00») 

Tb«  ventilation  ayate« oball riatw tb« b««t 
g«««rat«d by tbo eo«tpre«eort. 

Calculât« tb«  «lr quantity required taoing • 
•inlnun tenporatur«  differential  of l°C between 
tbo   Uconlni and exhauat  air temperature«.     Tb« 
•••tint  of beat  to b«   r*«ovod p«r bour will  4«p«nd 
«port tbo  power requirement« of tb« co«vpr««aor« 
•nd  tb«  p«rc«ntag«  of tin« th«  eo«pr«a«or«   ©p«rat« 

at   p«ak  air danand. 

Tb«  ayet«n will inclue!« «xbauit   fa««  and air 
intak«a.    A roo« thor«o«t«t «ball  control  th« 

•«•ton •• follow« i 



tit 

I 
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I 

.    Tfct lntak« êftt •«*•«•*. da«»«*" «bill «p«n 
vb«« tliN it a rit«  1« t«»|»«r«tiir«. 

.    TU« tb«r««it«t «ball  «tart  tli  faa«  U wrlii 
«atil  tli« ventilati©» r«t« «fual« tk« Mat 
•vtput  of tit ce»»r«««or« »h«« tb«r«  la  fwtitr 

pit«  in  t«»ft«ratur«. 

-    tb« «««.vane« aball  »• ravoraa« «baa tbara  i« 

• i««r«««« in t«»p«ratar«. 

i.t.ii   hi*"1*»»* «•«»«—•< *»°» »-MII 
îià«fkaa*  toulp-nt *»o» (P-Pftil 

T«ap«ratur« and buaidltyt 

I« tbaaa  rooat,  f«r  ptirpoaoi  of affielaat optra- 
tin »f tba «lactronlc  afttlpaont,  ta«p«ratar« and 
baaldlty   «h«ll b« «alntalnad  ••  follow«  in •••» 

r««»i 

- Mlatir«  b«*ldlty ••% 
.    fiatar   t«»p«r«tur« It C. 
- ItiMr  t«ap«r«tur« I* €• 

Air Conditioning Sy«t««u 

Til« «ir  conditioning  ay«t«n «ball ba daal§»ad to 
Mat tu«   «bov« a«ntlon«d crit«ri« and to provide 
« positiv«  prttiur*   to  pr«v«nt  infiltration of 
daat.     All   u-i«  «lr   auppiWd  to  tbaa«  roo«  «boll 

ba «4««u«t«iy flit«r«4. 
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It  it impartant  that high praeeure  coapreaeed air 
•tarage  receivere  be located  in • roo« where tho 
am» lent  temperature la lower  thin tha «upply piping, 
•0 that  any molatura preaent   la th«  air will tend 
t« condeaae  in  tha  receivere  rathar than  in tha 
piping which  ia anpoaad  to outdoor  temperature. 
The eondenaed  molatura  in tha  receivera  can ha 
aaaily renewed  by blowing-down  tha  receivere 
periodically,  while condensed salatura  in tha 
piping ayaten will and up  In tha equipment baing 
••rved.     Tha  cendanaata  tank  nhall  ba leentad 
•utalde of tha  receiver root and tha pip« batwaan 
tha  air receivers   and th«  tank  anali ba heated 
with an alaetrieal  element to  prevent  freeaing. 

Til« co«pr«aaad air racaivor ahall ba placad in 
til« baaonant in a location aa cool aa pooalblt 
••4 lnaulatad fron adjacent aourcaa of haat. Th« 
wallt, calling and floor of thla roon ahall b« 
adequately ineulated because tha temperetere In 
this roon will be naintainad balow or äqual to 
til« outdoor temperatura,   especially  In wintar. 

.    A  fan  ahall  aupply outaide air into the  comprcseed 
•ir receiver  roo« with an anhauet   to tha outaide.     A 
roon thernoatat   and an  outside  air  aenaor ahall 
ventilata the  roo» when   the roon air temperature 
la higher than  tha outaide air temperatura. 
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•.•.IT tu Trattini Etti U-m) 
A« anhauet fan combined wltli t freak air Intake 

•»all ventilate the rea* »hen ta« temperature la 

afeare 2«i0C. The air quantity 

air change« P«* hour alalaua. 

afeara 2«*0C. The air quantity ahall »a faar (•») 

Tlia teaperature of thia raoa ahall a at eaeeed 

uf#C. The nachin«« ia tail rao« «ill gaaarata 

larga anounta of haat aa* adequate ventilating 

eapaclty will a« required. The aethod u«ed for 

ramovel of haat vili depend upon tho typo of 

•achia« which gaaarata it.  In «©a« c««««, heat 

will bo removed by ventilation of the room and 

la other« by ventilating eyeten« directly 

eoaaeeted to tho ««chine.  Soma aachin«« »ay 

rafair« water eaoling.  Tho ventilation epaten« 

aaa be designed only whan the characteristic« 

•f taa nachinas are know. The average heat 

ganarated la this roon will be approxlnately 500 kw, 

• .•.If Corridor (D-101) - Stara fP-lOa) • Ihlppina amd 

Raa«ivlnc Area (D-108) - »«»air »hap (P-lPt) - 

Una mop (D-201) - Corridor (P-2Q1) 

Enkaust fan« ooablnod with fre«h air intake« 

aliali ventilate the room« wh«n tk« tonperaturc 

la abavo 2*°C. There «hall be four (a) air 

oteaage« p«r hour nlnlnun. 
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i.t.tt   mi Im IMtlï • numi .i-HT) 
la thooo arooo «ir oholl bo oaaauotod et o titlni 
rato of 10 tir changos por hour to  riMvi odora 
•ai to pro vont  tito»« odoro fro« sooping into 
adjocont oróos  through tronsfor grillos.    Ta* olr 
vili coa« froa odjocont   locólo. 

• .•.ft     taoiot   »otol  one   iUldla«   Shoo   (D-101)   .  Moodfrk 
ib..»  iP-201)  .   Monadici   aorkahon   (DOPI) 

laaauot  fono coabiaad with  frooh oir intakoa 
•holl vontiloto  tho   rooao  whoa tho  toaporotaro 
it  abovo  2o°C.     Tho   olr tuontity oholl ho  fear 
(h) oir ehoogoo  por hour  alnlaua.     Eahauat   oyotoao 
•holl bt  provided whore  requirod  fer welding, 
paint hoods, otc.     Mako-up oir unito oholl 
próvido frooh oir to roploeo air oxhouitod.     Eaoh 
«nit  oholl novo  a «apply  fan and a hooting  call. 

I.l.tt    auaillarir liachlnoa  Moi»onlno  (p-201) 

Tho toaporoturo  ohall not   oneood «K>°C.    la  thio 
aroo tho oqulpaont  will  gonoroto hoot and 
vantilotlon oholl bo provided hoving o aiaiaua 
rato of ono  (1)  oir   chongo por hour. 

Eahouflt  font ond  frooh oir intokoa  oholl ba   aood 

«aan tho toaporoturo  lo  obovo  2o°C. 



Iti 

«•« 

••••»»  latorohono IoaUaont hoo« (I-OOl) 

Tiitthtit fci^ifttn; Etti   H'ttil 
Tooaoroturo oad huaidltyi 

la thooo roo««, for purpooooof offlolont oto ro- 

tto« of tho electronic oowipaoat, toaaerotwro ««4 

hoaldlty shell he aelatelned ee follows i« «toh 

M lot Ivo hiialdity 

Viator temperature 

•«•«or to«»oroturo 

••I 

air Conditioning Syeteat 

Too air conditioning eyetea shall he deelgaod to 

Mot too «fcovo oentionod criteria ood to próvido 

t poeiti\o prosturo to prevent infiltration of 

dost, all tho olr supplied to toot« roeae shell 

»o odouotoly filtorod. 

• .•» •aio echino Moll (E-101) 

Tito temperature of this rooo tholl not eaceed 

hO*C.  Tho Bachine in tttio roo« will generate 

o lorgo amount of hoot thoroforo o separate 

cooling syetea will ho repaired. Tho hoot that 

will ho lihorotod directly into tho rooo hy tho 

aoin aoehlno oad tho auxiliary o^ulpaont will ho 

approalaately 1 000 lew oad tho hoot removed hy 



It* 

taa ••«hi»« oooliag ayatoa «ili »a aaoroalaatoly 

t ita fcw. lana Motil««« aay ro«>lr« «••lini water, 

TM vontilatiag ayataaa e«» »a 4«tlga«4 only »h«« 

tli« enaractarlatiea of tao aachiao« ara known. 

Provision «hould no a«4« for another ««chin« with 

•Miliary aajilpaaat which will »a «44«4 In th« 

futur«. 

i.i.ti  fiutiti itti Iti i U-i») 
In «kin reoa, in wiater M ««Il •« is awjanar, 
ta« oar «tur« an4 hn«141ty anali »a aalatala«d M 

follow«I 

- ftalativa  hunidity !•% 
•    fiatar teanvrature lf*C. 
- iMMr t«»n«r«taro M*C. 

â noaitiva araaaara «h«ll »• »alatalaod in thin 

rooa to prowont infiltration of air «o4 4w«t. 

Por adeo,u«t« ventilation tnoro ohnll not no loan 

tnaa • air ehangoe por hour, with a aiaiaua of 

•«•Olaf n,/«oc aar a of floor aroa of frana 

air. 

Air Conditioning tirata« t 

The air «on4itionlng ayatoa «hall »a 4««lgn«4 ta 

•aat tao atavo nontlonod orltari«. »ooa eoatrol 
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variâtleae  In heet galee er leti««. 
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••»•»•    *•»«*•»•-   fcaalataaaea  aad CiKiiiiM  Cl-lQl- 

fcAiil 
The teaperatere «h«ll aet iuti4  *0*C MIIIM. 

U theee  ereee,  the o«ulpeeat «ili  generate li«et 
end ventilation  sitali he previde*  having a 
•laiMM« capacity  of «na  (1) air eheage pa*1 *•«•*• 

lahaaet  fana ead freeh air latakeo ahall he ueed 
vhea the teaperatere aiiaaaia 2»°C. 

Nr*« 

t.t.tt   toui^^t ico>. (r.ooi. r-ooi) 
Weatera.  Trmforairi.   noctíflora   (f-002) 

la theee  roon tha teaperattire ahall not eaeeed 
*0*C.     Ventilation ahall bo provided te roeove 
heat gaina  and have a aiaieua capacity of «a«  (1) 
air chango  por hour. 

tahaeet  fans  and  froah  air latakaa  ahall ha  tiaad 
vhea tha  teaparattiro  la above  2*»°C. 

I.t.tt    Contrai   Kooaa  Mea.   1.   1,  1.  »   (T-lOl.   r-lll. 

I r-àif tal f'M 
Client   Obaorvation  Roeaa   (f-102>   r-101.   T'oli. 

| f-HT.   f-202.   r-?08) 
Pork  koona   ty-fO»-   r-101.  MU) 

I 
I 
I 



I 
I 
! 

I «Mi»«« (r-iif. r-iao» r-m. f-iaa) 
|hne*»atloa   Roo«   (r-201) 

| Comforonco Roo« (T-äO»)  - Corridor  (r-201) 

Im thoae roooa,  in wintor aa well  ee  la luiMr, 
I temperature and humidity ahall be maintained •• 
1 follew•t 

I 
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- HoUtivo humidity 10% 
•    Vilttr temperature It C. 
- liiMr tempereture a« C. 

foot Hat loa» 

â poaltlve prceeurc »hall be maintained In thoao 

MOM to prévont infiltration of oir and «not, 

eaeept in tho dork rooae where o negative 

»rotture ahall bo maintained. Tttio will provont 

totano of odoro which will thus ho enhatiatod 

rothor than rocirculotod. 

ror adequate ventilation there ahall not ho leoo 

thou • air changes per hour having a mi» I omo 

froth air rate  of 0,0066 a'/aao. per • of floor 

•rot. 

•if ff»«l«lo»U« Svtttm> 

Tfca air conditioning tyetem ahall ho doolgned to 
»oot the above mentioned criteria.     Individual 

• controlo ahall bo  provided in oaoh room to eem- 
I peneate for  variât Una  la hoat galno or loeeee. 

I 

I 
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• •••H Aaa««hlT Roo»« (f-iai. M», f-iêa. r.iaai 

la thaaa aasaaaly rooms ta« ta«paratura »hall »a 

aaiataiaad at 20°C. 

A «««trai haatlag and vantilatini unit «hall «a 

auapandad fren tha roof aad «hall aupply air at 

a aialama rata of four (•») chanfaa par heur la 

aaeh room. This aalt ahall ba ooapoaad of a 

atalas »ox, flitara, « faa, aad individual 

aaatlmg aolla far aaah roo«. 

A «laad air tharaeatat ahall «adulata tha freak, 

aahauat aad recirculation air daapara to 

•alntaln a «lnl«ua t««p«ratura of 1I°C. 

A aaaual aalaetor »witch ahall parait aa laeroaaa 

la ta« alni««« voltino of outdoor air ad«ittad. 

Ta« «alt fan ahall «««rata continuously unlasa 

•aaually atoppad. 

•.•.M tttrtit (f-U9) 
A« aafcauat  fan coablnad «Ita a fra a h air  Intatta 

ahall ventilata tha  roo« «hon tha  ta«paratur«  la 
aaova  2ü°C.    Tha  air quaatity ahall ha    ona  (1) 

g air ehang« par hour «lai«««. 

•.•.H  nuli çvtrrtTif ta* Plrm çwr*»ï Wwmnr ff-üM 
• la tata  roo« tha  ta«p«ratura  ahall ha «alntalnad 

a« tO°C aad ahall  aot  aaoaad «0*C. 

r 
! 
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Til« calculate* tir quantity «hall be  bated  en the 
equipment  heat   fain,  lightin| gain and the  Mani- 
Bitta inside  temperature permissible at  tha maximuM 
¿•sign outdoor  temperature.    Th« haat  gain   from 
th« equipment   will b« approximately äquivalent  to 
10  kw,  continuoua operation «van if «or« heat  la 
generated but   not continuously.     The  minimum 
outaide  air  in 
• f  floor area. 

j 2 
outaide  air  intake  ahall   be 0,0066 a  /aae.   per M 

A  heating and   ventilating  unit  located at  coiling 
level ahall  direct  the aupply air toward the   floor 
level and withdraw the return air at  ceiling   levai. 
Thia unit   ahall be  composed of  a nixing box, 
filters,   electric heating   coil   and a   fan.     Tha 
unit will  be   installed outaide  of thi« pean. 

A  room thermostat  ahall modulate the  outdoor, 
recirculation   and exhauat   damper» as  well  ae  tha 

heating coil. 

A  low limit  thermostat,   act at  13°C,   ahall  he 
installed  in   tha supply duct to prevent admission 
of  oolder air   into  the room. 

Normally  the   fan shall operate  oontinously. 

A Manual selector switch shall permit an increase 
in the minimum volume of outdoor «ir admitted, aa 
¿«sired.     Air   admiasion  would normally be 
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oontroll«d by  the roo« theraostat. 

i.t.sa   T»«t oui KO». i» a (r-im. r-iin 

Appropriati wall or  roof  panels  shall  bs provided 

to opti)  under  the pressure  produced by an 

explosion in  the oollt to  relieve th«  pressure 

and vent  the  saoke. 

i.t.tt jfQcMrt tf-n*i - Eft ftrtt V-iiU - ynumi 

la thee«  areaa  air  »hall  be exhausted  at a 

alniaua rate  of 10  air changea  per hour to  rénove 

odóri and to  prevent  thea«  odors fron  seeping 

into adjacent   areas   through transfer  grillas. 

The air will   cone  from adjacent  locals. 

| I.S.IÜ    Hechcnfcal Equipment  Roo»   (r-20U) 

Th« roo»  ahall  be ventilated by   a tharnostatically 

controlled exhaust   fan and  fresh air   intake  to 

ramove hast  gains when the  temperatura  is  above 

l«*°C.    Tha quantity  of air shall be  sufficient to 

prevent   the  temperature  fron exceeding HO  C. 

PLOCK HG" 

••»••*    Of ficai   (C-101.0-201) 

In these  offices,  In winter aa wall aa  in  auaner, 

temperature  and humidity   ahall  be Maintained as 

follOWSS 

I 



a?o 

- Itiêtlv« «uaidityi |0% 
•    Viator tanporatur« ll*C. 
- luiMr temperature l»*C. 

Tamtllatlopt 

A »esitive pressure shall be maintained to 
prevent  infiltration of «ir and duat. 

r«r  adequate ventilation,  tit« r«t« aitali not b« 
1««« than  «IK  (6) «ir changea par hour having « 
alnlnu* fraah «ir flou of 0,001«6 m3/««c.  p«r n2 of 
floor ara«. 

air  Conditioning Svtam 

Th«   air conditioning  «yates:  shall be designed to 
M«t  tha «novo  nention«d criteri«.    Individual 
«entróla  «hall be provided   in «ach roen to 
compensate  for  variation»   in haat gain«  or loaaaa. 

*•*    ÈXÊ3UMI 

Typical diagram«  and dotali« of ventilating and air 
«onditicnlng systems «r« «hewn on drawing« No«.   101,   102, 
lOt and 80S. 

'-       lfiigW ACOUSTICAL  MCOHMEMDâTIOMS   TO» THE  HIGH  YQLTAQt 
TlffT   AREA.S 

•a   iffipitioi 

In th« High Voltago T««t Ar«aa th« aeoustloal problems 



ITI 

•1*  tWO-foldl 

-    tli«   internai naia« probi«« va«* high voltai«  tatti 
aro  im progrtt«. 

•    th«  tran«*iaiion of high intensity noia«  to adjaeant 
•roa«and outdoor«. 

Tao roeoaaondatioft«  giv«n  h«r«  ar« of a gonoral naturo 
aad th«  Architectural Contractor «ay «iodify  th« dotali« 
or aatoriala,  but th« basic concept «HMt b«  «aint«ln«d 
if th«   do•!rod r««ult« ar«  to bo achlovod. 

•••    latTtial Acou«tical Tr«at««nt 

t.2.1       fufP9«t 

Th« purpoB«  li to  gir«  g«n«ral r««o**«ndation« 
fer th« construction of loverai «rea« to obtain 
a latisfactory working  «nvironaent   for th« 
»«rionnel,   «nd to   provide th«   required testing 
eenditloni. 

t.l.t       fc«*arb«r«tlon Tino 

Th«  reverberation   tin«  ef tho  hall   nuit  b« limitad 
to th« following  value«t 

•    Low frequenciest 2,2t   aoeond« 
- had iuta frequencies 1,10   aoeond« 
- Nigh fr«qu«ncio«i 1,00   oooonda 
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t.t.i um y«uf çmtmtiw 
absorption panelt shall bo  installed at « aiainun 
dittine«  of 1 » fron the outer wallt to obtain on 
air space.    These panels will foro on   inner wall 
which ohall bo continuous  fren th« floor to  the 
celling and all-around th« hall. 

The  Inner wall  thall be constructed of perforated 
•boot »«tal shaped to add  rigidity and  to produce 
uneven  ourfacoa.    A 10 c«t teai-rlgld  layer  of 
fiberglass or other  eiailar insulation  shall be 
Installed at   ths beck of  the lnnsr wall.     Plastic 
eheeting must  be Installed  between th«  sheet netal 
and  th« Insulation or behind the  insulation  to 
prevent  air noveasnt  fron the hall through  the 
inner wall. 

t.t.*    Ce Ulna 

a suspended ceiling with a ninlnun clearence of 

l,i n shall bo instslled.  The ceiling will be a 

perforated steel deck with a 10 en layar of fiber- 

glass covered with a gratod cstwalk.  Thia calling 

nuat bs sufficiently rigid to walk on for 

maintenance. 

••• Hist Construction 

To prsvont tho transmission of high intensity noise 

to adjacent areas to block "C" and outdoors. 
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*•'**      Wall adjacent to   the   Block 

To obtain  a Minimum of   SO dbA in iloek  "C", who« 
high  voltape  tests   are   in prograta   in  tho High 
Voltage  Teat  Areas,   the   outer wall   common  to both 
area«  must   be double   masonry  construction.    On« 
«fall   shall   bt Made  of   25  em  aelid   concret« block 
and   th«  other shall  bo   25   cm  hollow  concrete 
block.     Th«  vails   shall   be   separated by   i I »  air 
• pace  and  a   semi-rigid   fiberglitis   insulation 
having a  thickness  of   10  em  glued   to  the   blocks 
facing the   High   Voltage   Tost   Areas. 

t.l. S       Inside   Doors 

The   inside   doors   shall   have   a rating of   STC-IS. 

I.S.*      Outside  Walls 

The   outside   walls   mur.t   ba  insulated  according 
the   coefficient  of transfer  given   in article 
7.2.2.     The   inner  wall    is  purely  an   acoustical 
necessity   and Duet  not   be  relied  on  for   other 
purposes   (except   as   an   electromagnetic   shield). 

• .*»    Drawing, s 

Typical   wall  and  ceiling  details  ere shown on  drawing 
No.   30U . 
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IT» 

ii.   Timm Html 

à« stated ili the previous Sections, this  building 
Report li te be used at t general guidane«  for tit« 
Architectural Contractor in the design  of the  re- 
hired feellities   for the High Voltage  and  Nigh 
Power laboratories   foreing pert of th«  Electrical 
Testing end E«p«rl»ent«tlon Centre  in  Madrid. 

V« have exposed all  the nein «apéete  and,   in «any 

«aeee,  a lengthy  description eft 

1- The principle«  of aite leeetion 
I- Th« motives of  laboratory Implementation 
t- Charaeterietica   for th« deeifn of th« structural, 

electrical end «echenictl ltyoute. 

e- Equipment Report« 

Throughout our etudy we heve taken into eoneideration 
that the Laboratory  facilitici ere to h«  developed la 
stag«« to n««t th«  actual needs with  poeeible oKpon- 
siono  for future  conditions. 

Th« laboratorio«  have  been deeigned  to s»e«t with th« 
«•nditiona eet  forth  in the oontractual  documente 
related to reports   prepared previously by  two 
Consultants to UNIDO.     Ve heve gone beyond certain 
of their recommendations and Modified  othere  to »cet 



I •TI 

til« requirement« «f  industrial t««ting «nd  t« 
••iarg« the pe««lbilitiee  in m^rlMititUR. 

0««« the  vol un« of thev«riou« hell« ar«  determined 
•ft  tH«  »««It  of thoir fonction,  it beeomce  mainly 

a tuestion of selecting material« to remain 
economical while keeping the  t«t  forth  requirement«, 
m««« building« or« considered •• »or«  of ta« 
industriel typo thon  Institutional. 

Til« Efuipacnt  It tho moot   important part of «u«h 
laboratori««  an« thio  i«  why a goo« perconteg« «f 
our ti««  hat boon opont   in  tho preparation of 
•pacification«  for thio  equipment. 

Til« concoyt  it baaed «n  total mobility  of tao tooting 
e«,«lp««nt  in  tho Nigh Voltag«  «action  onobllng • high 
degree of flexibility without  increasing tho  Ureet- 
m»mt.     Tho same principi« ho« boon applied  to the 
Nigh Power Laboratory by offering thr««   independent 
•oction«.    Mobility  ia  equally  important  on ee^lpment 

to be t««t«d. 

go*«  f«atur«a «f th« C«ntr« have not boon  treated  in 
this  Report •« they can bo  d«sign«d roodily by local 
«pociollats  according to  the  Spanish practice.    Tho«« 
aro i  the Office tulldlng,  water and oeworago network«, 
road and railway design«,  «tc.  all in accordane« with 

Contract document«. 
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Tn« latoratorloa •• roao««>oa4o4 in till« lullalag 
to»o" «Hi principally ••rv« tti« Ipaalih ••»»• 
footuror« in »«king accaptanca  tatti on thoir 
producta according to  lntarnatloaal standards. 

ITI 

fvrtaar corraapoadanca will »• aaahangad »otvaoa 
til«  Spaniah Oovornnont and our group for tho tot ting 
«f of t prograsma    for taa training of taehnicia«n 
to onorato tao  varloua aoctlono of tho Laboratory. 

I 
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Tua WulMIng to be «r«ct«d la M tadaetrlal typ» *l*h laboratory 

last faciliti««. 

I. Number of atorey« - oae or two - lorn to 14m clear 
height. 

I. Number of be a ementa - on«. 

t. Typ* of construction anticipated - conerai« or «teel. 

4. Apeworlmate column apocini - 10m to Mm. 
T T 

I, Approximate column load - moderata 200   to 500   . 

4. Typ* of foundation expoctod - aproad footings. 

t, Impacted ale vat Ion of bottom • of aproad footing« - 
Im • below grado. 

¡lalconalderatlona« water tab!« elevation. 

•OIL INVESTIGATION REQUIREMENTS 

a) Ta« boring poaltiona aa located on th« attached plan 

•01 ara to be eatabliahed. 

b) Ta« elevation of th« ground at each borehole location 

It to be eatabliahed, relating a am« to a bench mark 

•ad Identifying the bench mark u««d. 

I SONDAX. S. A, 
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e) Drill holoa BH 2 to ) to i depth of I Sm and noi«« IH 1 

to a dopth of 30m below existing grad«.   If «xtr«m«ly 

poor toil If encountered or If the soil Investigator It 

of tit« opinion that holst should be drilled to a greater 

or lottar depth, Immediately Inform thli office.   If 

major obstruction! »re encountered within the depth of 

drilling specified above which may imped« the drilling, 

immediately inform this office. 

d) In the «vent that bedrock is encountered at any of the 

boreholes stop all holes after drilling them, using a 

Ax L site diamond core drill,  § meters into the rock. 

e) Tit« aoil profil« is to be determined, samples being 

toltoti at «ach significant stratum.    The extent of fill, 

If any, it to be indicated.   Samplet of the toil »re to 

be retained for three month« in sealed airtight container«. 

0 ftondard tettlng of the toil it to be conducted using 

methods dictated by the character of the toil to as- 

certain the maximum permit tibie bearing capacity. 

Toot« thall be taken near the top of each layer of 

different toil and for each 2m of depth below existing 

grade. 

g) If to« toll investigator considers necessary he shall 

recommend additional soil tests which may be required 

to establish the tafe bearing value or probable footing 

•ottloment und«r total load. 

Í 9 

9 
•  i 
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li) Establish the elevation of the stabilised water table 

•t IK No 1, using plesometer Installations where 

Ik« toll investigator deems necessary. 

INFORMA TIC N REQUIRED IN THE REPORT 

a) A detailed log of th« «oil Investigation is to b« submitted, 

Including dotali« of th« method of toll boring used, a 

description of the general g«ok>gy of th« area and a 

drawing showing th« actual location and elevation of th« 

boreholes. 

b) A description of the various soil strata Including fill 

found In «ach bor «hol« and the e Uvatlon of th« stabl» 

lls«d water Ubi« i» to be Included. 

c) Include recommendation! concerning the following i 

I)  l«f« bearing valúas for strip and Isolated spread 
footings at the levala Indicated in Item 2(f) above. 

il)   The most suitable alternative type of foundation, 
if strip or isolated spread footings do not appear 
lo b« suitable.   Particularly, under these cir- 
cumstances, discuss the relative merits of the 
different types of caissons or piles,  having 
regard for the nature of the overburden and 
Mie condition of the bearing stratum. 
Include allowable bearing values for caissons or 
for end bearing plies . 

ill)   Horiaontal pressures which should be us«d In 
Hie design of the following! 

a) Foundation walls of the building and Isolated 
cantilever retaining walls. 

b) Shoring, sheet piling or cribbing to be used 
during construction. 

I 
I SONDAX, S. A. 



Iv)   Long-term drainage requirements • round Ih« 
building foundation, beneath paved areas and 
behind retaining walla« 

d) Report upon the following t 

1)   The anticipated total and differential footing 
i etti« ment. 

U)  Poeelble effects of ground water during cons- 
truction If the water table li cloae to or above 
the likely elevation of the bottom of excavations. 

HO Sfociai or unusual conditions revealed during 
Hie eoli Investigation. 

lv>   The corroalve affecta of ground water If any. 

v)     Likely effects upon the footing bearing stratum 
of ground water or aurface water which may 
accumulate adjacent to unloaded or loaded footings 

vl)   Sensitivity of the soil, e.g. will It lose strength 
when remoulded.    Should special precautions be 
employed to avoid disturbance of soil ae occurs 
due to ordinary building operations. 

vii) Suitability of excavated material as backfill. 

«-       EARTH • RESISTIVITY MEASUREMENT 

Earth resistivity shall be measured by meana of a hand-driven 

earth-tester.    Four teat spikes consisting of approximately 

13mm diameter mild steel rods shall be driven to a depth of 

up to 1 metre.    (Not exceeding one twentieth of their separation 

aa illustrated diagrammatically In fig. 1). 

I 
I 
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earth-tes tar 

(current 
(source 

Flgmre 1 

Tit« velu« obtained will be the 

average resistivity to a depth 

of "a" meter.   Repeating the 

meaeurement with dlfiarant 

valúas of "a", tha avaraga 

raalatlvlty to various depths 

will be found. 

Car« should ba taken during 

maaauramants to ansura that 

Mt« preeence of stray currants 

do net affect tha readings. 

Tita presence of stray currants In tha aoll is Indicated by a 

wandering of tha Instrument pointer but an Increase or da» 

create« of generator handle spaad will cauta this to disappear. 

The earth-resistivity shall ba obtained at tha following dapths t 

I, 2.  I, 4, S, 6, • and 10 matraa. 

For additional Information tha realataitce of a specific ground 

electrode shall ba determined.   The following method shall 

be uaed. 

EARTH-ELECTRODE RESISTANCE MEASUREMENT 

The three electrode method of measurement by means of a 

hand driven earth-tester la Illustrated diagrammatical!? In 

flg.l. 

I 
I 
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MHk'lMlir 
A measured currant it pa a s ad 

between Ih« electrode X to be 

teeted and an auxiliary carrant 

•lactrod« Y.   Tha voHaga drop 

between X and a tacond auxiliary 

alactroda Z li maaaarad and tha 

raalatanca of tha taat alactroda 

la than tha voltage batwaan X 

and Z dlvldad by tha currant 

fallowing batwaan X and Y. 

Thla raalatanca la raad directly 

•a Ina earth-teetsr.    The auxiliary electrodei Y and Z aHall 

cena let of a approximately ISmm diameter mild atael rod 

driven up to I metre, into the ground.   The earth-electrode X 

under taat ahall conalat of a approximately 20mm round copper 

rod, 4metres   long.    The current electrode shall be placed at 

JSm from the test electrode X and the potential electrode Z 

placed midway between.   A reading ahall be taken and then 

two further teata made with Z moved 7 metre«, nearer to X 

and 7metre«  nearer to Y reapectlvely.   When earth raalatanca 

la being measured, It Is Important to anaure that the raalatanca 

areas of the electrodes do not overlap.   If the three r eau Its 

agree within the accuracy of 5% then the mean value can be taken 

as tha correct value of the test electrode resistance.   If the 
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»Milite do not i|rN teen the cur rent electrode Y m«et I 

mo »od farther «way (lOrrO and Hi« procedure repotted. 

TMe whole proem• muit he repeated until Mie three 

reodlngt give the required Agreement. 

•»eli reeding« thell »c otte t nod for the following depth* 

of «ne earth-electrode to ee teeted (electrode Xh 1, I 

Mel WW. 
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RESISTIVIDAD DE  TIERRAS EN LOS TERRENOS DEL  NUEVO CENTRO DE ENSAYOS 
E  INVESTIGACIÓN PARA LA  INDUSTRIA ELECTRICA. 

PUNTO MEDIDO;   MA¿* ( ÏIENTACfONî   NORTF.-SUR 

SEPARACIÓN 
DE  rIQUETAS 

•   (*) 

PENETRACIÓN 
DE   PIQUETAS 

b   (CM) 

PROFUNCÎDAD 
EQUIVALENTE 
DEL  TERRENO 

b-3/4.a(n) 

LECTURA  DE 
RESISTEN- 
CIA  INSTRÜ 

MENTO 
1  (0) 

RESISTIVIDAD 
Q •  2«aR 

(a x m) 

1— " 

OBSERVA 
CIONES 

t S 0*75 4*90 so* a 

2 10 1*50 rso 11*9 

S 10 2*25 1*00 11*9 

4 IS S'OO 0*70 17*6 , _ 

S 20 S'7S 0*66 20*7 

é 25 4'50 0*60 22*6 i 

• SO 6'00 0*46 25*1 i 
10 SS 7'50 0*32 20*1 

IS 
•I 

40 11*25 0*2« 26*2 ¡ 

CONDICIONES wx Tt,„,nN0,   mn ||m|rni|¡     M,drtd>   , d#   ,iMI 
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RESISTIVIDAD DE TIERRA EN LOS TERRENOS DEL NUEVO "CENTRO DE ENSAYOS 
E  INVESTIGACIÓN PARA LA INDUSTRIA ELECTRICA" 

PUNTO MEDIDA;   "A" ORIENTACIÓN;  ESTE-OESTE 

SEPARACIÓN 
DE PIQUETAS 

• («) 

PENETRACIÓN 
DE PIQUETAS 

t> GO 

PROFUNDIDAD 
FOUIVALESTE 
DIL TERRENO 
h-3/4«(r) 

LECTURA DE 
RESISTENCIA 
INSTRUMENTO 
R («) 

RESISTIVIDAD 
• 2 IR 

( x «) 

OSSERVA 
CIONES" 

 j  0,75 " ' 4,20 zo,« 

2 10 1,50 1,50 IM 

1 10 2,25 1,02 It,2 

4 IS S,00 0,IS 21,3 

1 It 3,75 0,54 17,0 

• 25 4,50 0,47 17,1 

• SO 6,00 0,43 21,6 

10 SS 7,50 0,37 23,2 

IS 40 11,25 0,34 32,0 

CONDICIONES DEL TERRENO:  MUY 1RIMEPAS    M»drld  1S ée dicUnfcre de  1.972 

  ^^¡fc^ 
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RESISTIVIDAD DE TIERRAS EN LOS TERRENOS DEL *UEVO SCENTRO DE ENSAYOS 
E INVESTIGACIÓN PARA LA INDUSTRIA ELECTRICA? 

PUNTO MEDIDO; "B" ORIENTACIÓN; ESTE»OESTE 

SEPARACIÓN 
DE PlfHíETAS 

PENETRACIÓN 
DE PIQUETAS 

b   (ctn) 

PROFUNDIDAD 
EQUIVALENTE 
DEL TERRENO 

h-S/4.»(m) 

LECTURA DE 
RESISTEN- 
CIA INSTRU 
MENTO 

RESISTIVIDAD 
Q - 2«aR 
(n i m) 

i 

ORSERVA 
C IONES"* 

- • T S 0*75 iê»9 fdé'O" 

2 10 1'SO S'2 •S'S 

S 10 2'2S SM Sl'4 

4 1S roo 2« \ 52«7 

i 20 S'7S 1»S 47M 

6 ts 4'SO 1*2 4S'2 

• so 6*00 0'? SS*2 ! 

10 so 7»50 0*S S1U 

IS 
1    • •    ' 

ss 1P25 0»S 
 , 

2I*S 

CONDICIONES DEL TERRENO^  ^«v MüMIIIA« 

Madrid-1S d« diciembre de 1.972 



R»XSZK:'CIA DE tUï aTOHCDO (BA!ï*A QÏLfnD'lXOA ) Eî 108 TEKftETCö Dû 
m/Ufo "CEïTRO DE 3MAÏ00 E INVUfôXGAOXflN PARA LA XURKSRIA a20ïiiIC* 

WiïïQ 
i-iiaiDo DO DE III3&A 

h (a) 

BINATOIA 
Da EüEO- 
2RÛD0 AU- 
XILIAR 

02 (m) 

SXS7ÀIT0XA Da 
TXKJ2P.0DO XIT- 
TEE.EDXO P2(m) 

wmwsmou (c) 

t •   2 3 i 2    |3 â.:K'ïA 

A 

1 M 14 17 20 25,9 25,5 26,2 25'9 

9»3 2 M 14 17 20 9*2 9»2 914 

3 34 14 17 20 7M 712 7'2 7'2 

B 

1 34 14 17 20 65 65 66 65 

2 34 14 17 20 25 26 27 26 

3 M 1*, 17 20 21 18 18 19 

ttitÀDo DKL mniaiot *arc «ft;ao Madrid, 15 «• dloimbr« a« 1*972 

•»• 
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SONDAX, S. ;\. 
«ONOrOS • INVaSClOMK« -   AkUMSMAMIKNTOa • rtl.«TAJC • HINCA   •   CIMENTACIONES S: 

•ONOAX   S. A.   •    »Aata •• t.* M»B«NA. IT MAOHID 16 
UiC'C'l-'     ."CI    '    1   "4   -    i fl I    » I   i 4 

•mceciON Tcii»mfis» 

SO:ia»K - t'A" m: a 

CUENTAS   CV'MH   CNTÍS 

R-\r.CO    TE    ' ' '  T.  Î : O    -    at.       tVhHj, it 

• ANSO »Oì'OL«« e s'àiìoi. - IL.ILI. •• 
•AM««   IBIHICJ   •   »».i»   ««i.-n,  M 

Centro dt Enaayoa y Eicparintontaciôn 
parala industri* Eléctrica 

José Outiérret Abascai,  2 

MADRID 

^tención, sr. Archgrbault 

• /.«, ,,MC». N/M»      W/73     MAOMIQ i.2.71 

ASUNTO     tCKOCOf DE RECONOCIMIENTO EH XLCOaENDAI. 

Muy señorea nuestros i 

Adjunto lea remitimo« 4 ejemplares dal corta gaologi- 
co dal terreno investigado con »ondeo« da reconocimiento 
an loa puntoti    A,  BILI,  UH. 2,  BH.3 y BH,4,  an au parca- 
la dai término municipal da Alcobendae  (Madrid) • 

Igualmente  inclulmoa 4 ejemplarea dal plano nO 157/la. 
con indicación de la situación da dichos aondeoa da reco- 
nocimiento dentro de la parcela. 

Por la observación de  los resultados obtenidos an  loa 
ensayos de penetración "Standard"   (S.P.T.),  podríamos ad- 
mitir que en las roñas correspondientes a  los  aondeoa A» 
ft.2,  BU.3 y BH.4,  podría cimentarse un edificio con  zapft 
tas,  y en  la roña del sondeo BH.l habría que practicarse - 
una cimentación con pilotes de unos  8 m.  de profundidad.  - 
Mo obstante serla preciso    delimitar,  con más  aondeoa.   la 
sena de influencia de dicha cimentación. 

•in otro particular,  aprovechamos la ocasión para sa lu« 
darlas. 

Muy atentamente. 

SONDAOS-   A. 

V 
ANEXO i El mencionado. 

fj.y ri P:-O 
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SONDAX, S. A. 
••N»«Q« • INVI««!«««« •   AkUM»«*MttNTO» - »IL9TA.JB • MtNCA • 8<MI 

VIî.'û ES ¿¡¡Tili«» i sTmimtMim mt 

fomUoo tW aleono« luiente é*l VtmiM •* 

s« rnrc«lo «n «I itnnlM Mtiftleip«! 4« ^ 

•abondas  (Madrid). 

• »lane nO 157/1«, a* aiti* 
clén sondóos« 

- «rittoo MMWWO A. 
- ttrâflco sondo« M.I (I »o)o*). 
• OrAfloo »ondeo au. 3. 
• «Tífico sondo« BH.J 
• aréfico sondo« Kl,4 

é* *••?! 
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SONDAX, S. A.      MADitiD 

¿»itaut«      CCNTAO    01   ENSAYOS  Y  IXPINIHINTACION   MAMA   ta 
tlUmti      iNOüSTWA   ELÉCTRICA 

MlOYICTO:   SONDEOS DE   RECONOCÍ MIENTO EN ALCOMNDAS 
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Till I NO 
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t 10 

AHINA   DC    MI0A 
AtCtUMIA 

.4.05  —  

AMOLLA COM   AHINA 

.«,00 

AMINA  A MCI LLOSA 

1,15 

AMINAS PINAS CON ALGUNA 
AMOLLA 

40,00 

AMOLLA« AMENOSAS 

lt,00 ——  
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SONDAX, S. A.       MAo«io 
CENTRO    Df    ENSAYOS Y   CKPCRIMCNTACION  PARA LA 

CUfNTl:      |N0USTW(A    £LEC TRICA 

MOYICTO   SONDEOS OC «CONOCIMIENTO EN ALCOSCNDAS 
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SO-I-TS 

Ho|0 N.°  ! 

SONDISI- 

RAIMUNDO 

»HANO Ot SITUACIÓN: 

DESCRIPCIÓN     Dil 

TIIRE N O 

ARENA    ARCILLOSA 

-I.IS 
ARCILLA DE  COLOR 
NEGRUZCO 

ARENA CON AlOO PC ARCILLA 

«,»0 

4   S^T  -    AS 

i.!í!_-__I^j 

«SPT -    R 

?   SPT  - i  R 

ARCILLA 

«,0« 

ARENA «RUESA CON  ARCILLA Y 

ALCUNA «RAYA SUELTA 

«,ÍO 

Î 

ARENA    ARCILLOSA 

10,15 
ARENA   UNA 

UPO ARCILLA   ARENOSA 

-M.tS 

V 

iT.rs- 

i    ; 
I1  :; 

«SPT  -    R 

9   SPT -    R 

10,00    i 10 SPT -    R 
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CIMBttl 11 ••»• LMM4WM I» HHTlll Itflll 

raawrt al»« < wmtm «I pacatala tMt «imita alafraa» it the 

l«V« Laavratary ia Madrid» laaia* 

tka «Magna» «ar« •iifti«! U wear w «ha«k »*jat«at it to aaaalkl« 

aa Mfca «9 «il taaic tMt circuita atta available to« tor i|iiw M 

it IM aaatikiUtiaa* 
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à. 

1« tho éoocriptio« which follow« OM tho ottochoé «logro«*, 

•il toóle circuit dUgroM, «Mfpoeorf to ho wooo* for t««tlog circuit 

breaker«, oai othor «loco« of ««MloMot, 1» tho two *.». - I.V. toot 

fuel of tho i.P. Ufcorotory oro 

At to» hogloalog ««Ay MM «aoet-cirooit oMorottr «411 W 

prowloo« with ••» troooforaor »ot.    Two toot vario or», hovovor, troooooi 

to oo arr««ojoi fro« tho worw bogi«*!««, which favo   tho «totion « Itlghor 

flosiblllty. 

1*     Io tho firot «togo, o ••««od oooorotor-troniforowr oot will 

ho ititi oo «howo by iottoi 11M«. 

im tho oocooa «togo, • thiri high «owor ooorco My ho ooaoi. 

It i» toft to lotor ioclalo«   whothor that will ho o thiri 

faMrator-troooforaor oot, or o troooforoor oot foi freo tho 

ttt hV Mtworh.   At thi« otoS« o thiri toot fri My ho oééoi 

M «oil( having I« MM tho oworoii ootoooioo of «utio« 

Mtiwity at that 
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11» follavi*, lit fcf a«a ayataaaa ara aroviáait 

fea "vortical" thraa-ahaaa aao ten for ta* foaarator-traaafor«ar 

aata (Ha.  t «ai Mo.  II) will aa aailt at too aaglaalagi ovon taotaja this 

aaaaratar-traaaforaar tot No. t «rill o« aaaaa latar aa. 

"fartical" •«• ayataa Mo. Ill will aa a«llt at a lator otaaa 

la ooaaoctloa vita tao éocloiea to to taaoa   ao 

aacoaaary aaaca la avoviéoi for it. 

•»»tarn Ha. IV la taa aaanectia« liaa eo*4at **•» 110 at aafc- 

atatloa to tao SM NVA traaaforawr aat.    taaiaoa tala aaia aaraooo taaro 

aV« aaajr «taar eaaoo to aao tala ayataa aa aaowa furthar oa. Narlaoatal 

aao aar No.  I, oa taa «aaoly aiaa of tao taatoa oajact aar va a aalaly 

Mai aarallallag of tao aourcaa, waaraaa taa horiaontal atta bar No.  II 

la aaoi far eoaaactlag élffaraat tyaaa of loada ani for ayathotie toat 

•trealto.    far tala laat raaaaa taa caatral coala of tala ayataa ia 

taaalatoo far HS at. 

•. nrWaV çfwcyiT pmm 

toota aaaa la N.P. iaaaratary «a» aa «laaalfloi ta Mai 

i • 



t.     Maar t-c ir cuit avitchia« *••*• M e«fUtt MV circuit 

•C a»4wlaa tharaof, «ala« ayntfcaUe aatuaea, 

I 
I 
I I.     «awt-circuit avitcala« taate m l.f. eirauit ataaaara «r avéula« 

et ¡m circuit araakara uaing Jlraet Mtlwét. 

I 
I 
I 
I 
I 4.     «MM« on circuit araakara «ton avitcnia« anali iatuctW« ctaffaata 

•f aa-laa4 tfaawf anatra, I.V. aNuat react*• nil,?. 

I 
I 
I 

I.     ?***• on circuit araakara «¿ta« auitcaiiuj capacitiva currant« af 

aaaka, aa-Ua4 cabla« aai la«« ualaacai tran—it—la« 

I.     It«*« m circuit fcraater« «ai ima «vitcliaa ufca« avUcfcl«« •»**« 

aurraaca. 

t.     Hunt-circuit taata a« ««war traaafanwr« «ai «arratit 1 ladt taf 

I.     Havft-eiraait Utarruatia« taata M I.V. fuaaa. 

•«     4>«m ««war-arc taati a« Uaulatara. 

t.    Mf tarant «t*ar taiti M toa tara, awitclujaat •••—alt—, 

tiga*«!«« arra at art, ate. 



**   «fcWf-«|f«»tt ****** tt»ti fi feroahor, otlna dlroct nathodt. 

il   îftatMl inert-circuit    (IM Plinti M».  .   Mí Na.¿ .  ) 

ê) inert-circuit currant is §eneratod fey Min |* Mr a tor  («.) 

United    if aecoaaary, fey reactora   «ni ou poll od through 

tranoformerà f^ Into tha toot yard He.  1 or Mo. 2. 

Tne ehert-clrcult it »odo on load-tie*« torninola of the 

tented feroaker. 

fe) Uhm two ahort-clreuit generatori tad tve »oto of trane- 

farnort vili feo Inot«Hod, it will feo potatole to MM tHo 

few Mtt in parallel no ehova in dintroni No. JL    . 

«) Utor on, vhea on agreeaent with tho utllltlee «ill feo reached, 

I the peeelfeillty exlatt to inotoll a oat of traaefernera    fj 

li— IL tint the 220 kV M t work in pornllol with tao two 

f genarator-tranof orner ooto (ooo dlagraa No.  $  ).  la owe h 

i m «rtaatewoat a tatt aovar of tho orear of ton» 1000 to 10,000 

MVA taree-pheee could fea ronchad la tha fatava. 

**'   ifctf 1*— *mU tatti    (taa éiagraea Na. •   and Na. T ) 

a) Oeanactlon at la prevloua COM, except that taa load alia 

1 temíanlo ara conMctod via feue-feer II to tha toot yard No. 2, 

«liara aa artificial circuit, ainulating a thert-ilaa la 

I iaatallod. Thit coanectlea caá fea uoed far voltaget aa ta 

. itt k¥. Thit aaaaactlaa will fea utod «alaiy fat tatt a« noauloa, 



I 
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I MU4 at voltaaes **•• •»•«* 4* •* M» ta My, IM kV, «akin« 

•art« af tka breakers for rated voltag«a fro« 100 kV up to 

kifkost voltages used nowaday! OÌ5 kV,   1100 kV j. 

k) At 110 kV it will kc possible to Mik« si» liar toots, according 

I« diagra« No*   9   , «»«tding the artificial circuit ana «sing 

a raal 2t0 kV 11M Instead, en which a ekort-clrcuit is «aia 

at a dia tance af 2 ta S ka fro« tka breaker. 

a) Referring to COM l.l.c, it will M possible ta «aka ekart-liae 

faalt tests,  tko short-circuit current being supplied »y two 

ekect-clrcult generatori and 220 kV notwork in parallel.with 

t*a tested breaker in ono teat yard and tko artificial 

oiroait slaniiatlng tko short •action of a lino being IM tal lad 

ta tka otkor toot yard.    This io shown in dlagra« Mo.  $  . 

*•*   tH-fít^'f BfMfH»t tfff 

a) tfka* two |o««ratora aro available, they can ko «aad aa akawn 

ta diagre« «a. 7.    Tka two generatore arc MIntelnod dor ina 

tko toot in a opacifiad phase position, ono wltk respect to 

tko other,  ntapplylng tko voltagoo on the opposite torninola 

•f tka kraakar having a specified phase oklft.    Tko two circuits 

| «All ko controlled individually ao ta tka value of tka raactaaca 

a«d T.t.V. ekape. 

I 
k) MSM two |o«oratara and 210 kV not work conMCtloa ara available, 

' it «ill ko possible ta «aka oet-ef-pheee switchlnf taata at 



I 
I 
I that «nltaae.   »legran ft*. I, ahava a eaaa «»lili un IMMIHN 

M ana lU« of the breaker and 210 k¥ network ea th« other side. 

The two »achines must M aalntataeé' at a •••elfi«* phase 

naeltlon with respect ko the 220 kV network. 

•\  HWft-flrcnlt »wltchtna testa ytlt synthetic nethodf. 

Par the tine he In« only aiaale lnttrruntion tette uaiag synthetic 

natante ara eeeclfled la I.I.C.    Ta« netting teste ana aake-break teets ara 

«Miar caneidcration and it la heneé, standard eaeclf lcatioaa Cor those 

teate vili ha available la the near fatare.   kiU«i, It la possible ta 

aaha each teats as development taata aad, as ecco» tance teeta accord la« 

a» aa atraaaaat between tao eanufacturer and tha aaar. 

••*   Tcraiaal ehort-clrcult »ahina or breaking 

a) One er two naia «eneretors and correeeonding treaefonaers 

; eellver tho ahort-clrcuit current at reduced volt««« through 

taa auxiliary breaker Al and tested] breaker TI (ta« dlagrea 

•a. 11).    At a suitable aaaant tha Injected currant la aaat 

tata taa T.I. fro« synthetic N.V. eircalt.   Tha aaaw circuit 

ataatee tha T.R.V. eftar taa openla« af A.I. and T.I. 

I ¥) far hl«her voltages, aaa dlagran Ho.  It, a syaaetrlcal eircalt 

It ahawn, ueln« two aaelllatlng circuita totalled) in tha 

apathetic circuit hall, ana positiva and one negative.    la 

tha high currant circuit the tastai breaker T.I.  ta inserted 

I 
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tuo «miliary breakers All Mí M!. 

••i   §NOft-llnc fault teat, ualna synthetic ncthod 

Tna diagram No.  II, is similar to that anew* in diafra« No. II, 

onceet that the artificial lino elaulatlnt ta* enort-llae, uhlch la 

ineorted la OM branca. 

••*   ft>t-ff-lM- awltchlna ft. ualna synthetic circuit. 

fto toat will ka nnoe slngle-ehanc only, and tne dlegra« No. 11, 

«all »a used.    It la aoeeibla to adjust in wach a circuit tha voltata 

axooortloa of tha two alecs and their T.R.V. atenea lndeecneently. 

I*    lanMTltlvi rurreat euitcniaa taeta 

flia beale circuita for tneoe tonta ara atomi in IIairen» Ne. li 

•ai Ma. 11. 

»M althar voltala toata, aay 100 kV and uè, the diagram Ne. U 

talli no «aod.   Ona, or tuo enort-clrcult generatore will be uaoi, according 

lo tna conditio« te be not, ae er a acribad ay IK rule..    Tha capacitive 

Ioni circuit in aynttietic taat nail will uee tne condenaor alenane a of tne 

aynt ne tic circuit,   lithor a concentrated condenaor bank or an artificial 

alroult ainulating a loo* unloaded lina noy be uaed accordla« to tna caae. 
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tor tha toa ta af iraaaint na-i«««1 li«««» • *««1 **• ** li*t *** 

ha naai.    This »oaalbility la »hown at th» 4Uff«« M«. ». «i*»» *»• a*caation 

that a lout ne-laaa* lina it yaad at th« lead aléa af tha arañar, inataad 

af a »l»ort( »hort-clrcultad Una. 

Ilia aocono connection, ehm ta 4iaBra« Ma. 1? vili ha «eae at 

lavar unitane», »ay up to 72 kV, ia nail* • —* •' eenaenanre installe* an 

the raaf af aseaahly hall and bolo*tin§ nornally ta tha $00 MVA taet 

aaatia«. 

4.    frail iniuctluf currant »witching tttH 

Tha élaaraa Ma. 14. eha«e tha kaeic paealhlllty, u»l»| tha 100 MVA 

traaaforuara loaded hy raaetancaa af tha aaa* »actio« ana dating reeletnre, 

aMah ara co anee ted in a eart af artificial circuit aiuuiatint aithar am 

il ni if tranafora«*, ar a ehunt reactor, ar a raactor Loaded tranafornar. 

I« a einilar «ay, tha dlegra« Me. IS eke«a aaathar paeelhlilty. 

Hata tie» ana «amarator-tranaf ornar »at «^ - T^) ia aaad aa tha aaarca, 

aaj tha athar tranafanaar »at T,. lanaled   hy       tha raaatancaa (ani raaia- 

taaaee if naeaaaary) aa artificial circuit.   At lawer «aitata», a» »hewn 

la Matra« Ma. 10, tha taat can ha auaallad fran 110 kV aya to« through 

I MO NVA tranefarnara, ani at tha laaal alé» tha trnaefewer-raactnr arata» 

t   nr T. ia «aai aa artificial circuit. 
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Clreolt brookors 00J Wool owltcfeoo will bo teato* fat ohwlc 

I—à witching In a «logro« according to Ne. lé.    1« thai CAM, aovavor 

tka 900 NVA transform«• will bo loo4o«1 by ohalc raoiotonceo only ar by 

• combination of r««Istors an« inductor« giving tho raqulra*   povor 

IM Mr. 

•• Î. •• 

UM too to according *• tk*oa throo itowo 4« act orooont any 

aratiaao oa to tho circuit «logro«.    Conn* et io ni »hotm in 4 logro« Moo. 

1, 1 oat 3 coo bo uocd, tho taatad braoaor being replaça« by o traae- 

farawr, reactor, fuco or eay othor tooted object. 

i.    Lût » ïïUOÈàM 

I.    faralaal •hort-clrcolt eaealled fro« one goner«tar, 

I 
! 

r 
Î t.    Tarala«! abort-circuit «teal led fro« two generators lo parallel. 

I*    tot«i»ol aHort-clrcuit awe«lied fro« two gonorotor« and 110 Vf 

i, oil 1« poroiloi. i 
t 4.    toort-liM fault toot M a awééle af aa E.H.f. clrealt areaaer, «fata 

artificiel ehert-1lac. 

t 
| I«    «*ort-liae fault toot at ttt kV, vita rool otter t-llao. 
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t.   lfc*rt-U«o fault toot, auoilioo- fro* two |in«r«t«ri tu« It« kV owtwork 

ta M"Ueii with artificial circuit. 

f.   Out-of-»h«tt »witching ttiti with two short-circuit «onoratora. 

I. Out-of-»h«M «witching with two gonoratoro on OM ole« Mí 210 kV 

uotwotk on tho othor «14«. 

t.   llagra* of two toot« «aéa lndapotwJontlyt OM In 500 MVA toot oro» 

fro« Ito kV network, tho othor fro« 11 kV »»notation, In hlgh- 

«orront toot «roo. 

It. Alternativo footing of high eurront toot «roo from lit kV network 

tkrougk 500 MVA tranafornare. 

U. Mort-elrcult «witching toot in on ««pan«trleal synthetic circuit. 

II. «fcort-olrcult «witching toot in m «yon»trIcol tost circuit. 

IS. Mw>rt-llno fouit toot in « eyuthotlc circuit. 

1A. «o*ll luéwctive current toot, with ok artificial circuit nooo u* of 

ut MVA tranaf omwra and it« Lo*4 circuit. 

II. ««all lnouctle« corront toot, with artificial circuit nose up of too 

two tranaf «noer« ana rooetor groo?. 
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Ml 

M. Capacitiva t«rr«tt avi telili*.   Ua4 tapMttMa (at artificial 11M) 

M ayntfcatlc tut Mil. 

17. Capacitiva currant awl tenia«.   UM eiMittri I* MO NVA aactlM. 

It. Mall antuetiva currant avltcnlat at lavar voltata.    Maaly fra« 

SM MT aatvark, l—á circuit MM M frM 1100 NVA traaaferawra aai 

/Vi 
M-fl 
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AUGUST If 7t 
(CAU: 

MO SCALE 
MAWtRt h °   i 

ttOO-t 



HORIZONTAL 
IUI I 

HORIZONTAL 
BUI  B 

LALONOE     QinOUARP      LÏÎTENDRE     &     ASSOCIATES     LTD. 
IN   ASSOCIATfON   WITH 

I   R    E   Q 

ELCCTniCAI.   I h? r> U í¿ T t; Y    TIZii'iltJG 
AND   EXPEIIILIENTAÏION    CE NTH E 

MADRI»,    SPAIN 

[>R',*N  UV : c.t entejen «r 

nrr.icNio B» : 

»rriîovio bi : 

»fpnovin lit : 

AD 
¿P.L 

COMHACT N° 

411 
I lit H' 

IC»lt 

MO   SCALE 

0»H   : 

AUOUST 1972 
MOWING N°   I 

1200-3 
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I 
I 
I 
I 
I 
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HORIZONTAL 
•US I 

ñ 

MOWZONTAL 
•US E 

8 

^j:;^^ 

it 

PVM 
•4 

LALO N DE     GI fi O U A R D L E T E N Ï) Il E     A 
m  ASSOCIATION   WITH 

I    R    f:    O 

AttOCIATIt     LTD. 

ELECT li IC AL   ItlF/lKìVHY    It: CT IN ti 
AND   EX PCP I M tlM TATI ON    CÜNTRE 

MAD H I O,    SPAIN 

[>(;»» N  HT ' 

[ISI&KIO  Pf 

•rr«ouu nv 
(ONIRIC]   Nl 

Ci ! FNCCMO »i • 

VA. 

J*L 

ICilt 

CI  N ' 
411 

NO  SCALE 

tilt M' 
AU0U3T »978 

HMWIN6 M"   I 

ieoo-4 



HORIZONTAL 
•Ut I 

HORIZONTAL 
•U8   S 

• cpT-pp ^rn-1 

I»   I •      II.. «        I     . 15 I 

U. 

/ 

•? JE  
rtóC ¡ 

4 
LALÜNDC     GIROUAtlD     IETENDHE     A     A680CIATE8     LTD 

m   ASSOCIAI ION   WITH 

i n   E o 
ELECT It I CAL   INUtKîïttV    V El; VI WG 
AND   EXPEKIF.SEUÎAllûN    CENTRE 

MADRID,   G PAIN   

OMWN RV : ' £,( 

M.'.lbNfn M VJ 

CgVlMCI Hp   : M« N" 

411  

NO   SCALE 

CHfCKID MV 

ICAit I 
AUGUST 1972 

ltOO-5 



I 
I 
I 
I 

HORIZONTAL 
BUS I 

HORIZONTAL 
•US  E 

LALONDE     GtnOUARii      LETENIiRE     &     ASSOCIATES     LTD. 
m   ASSOCIATION   WITH 

into 
E L ri Ci IM CA L    IK¡;UííYliY   Y li V. TI \ÌU 
AND   E>Cl»nr,IMl-U'TATION    CENTRE 

MADRID,    8 P A I N 

IH Mi.NU. D« : 

»ri'i¡o»ri> HV 

»rrnovro •* : 

COMKACT K" 

Alt 

v.i_ 
A.O ~ 

ICM1CMD «V 

me »i" 

ttftlt : 
MO   SCALE T 

o» H 

AUGUST 1972 
(•«»WIM«. M"   I 

if oo-e 



HORIZONTAL 
BUS I 

HORIZONTAL 
tiUS  S 

LALONDt      GIROUARD      IHTKN D It !•      Ä     ASSOCIATES      LTD. 
IN   ASSOCIATION   Willi 

I    ft    i£    O 

ELUCïniGAL    tUlHii;VI¡Y   TIDYING 
AND  EXPETiir.-;lirJT/.rioN  cruTiit; 

M A I) It I D ,    i\ I' AIN 
i>t«.i'..NHi ur 

»t I'lKIVIll BY 

Al riHiVU» KY : 

CON1I1ACT  «" 

4IC 

CI 

A.0 
J.fcL 

IMICKC I)  «Y : 

III»  M' 

MO    SCALE 
_ 

»ÜOUST 1972 
»WING   N"    I 

I200-? 



l AIO N DE     Gl ROUA HD     LET E fi) RE     A 
m   ASSOCI A"fK)N   WITH 

i  n  E o 
liM.WN  tV : 

ASSOCIATES     LTD. 

ELECTIllCAL    IliliUiiVlïV    TESTI M ti 
AND   EXI'F.RIMnirrATIOK    CENTRE 

MAP n I D ,    8 P AIN 

CS Teure» to •» 

t>Ctl6Nfl>  II Y V.I 
»ffMOVtd UV 

«rftovro ii* : 

COMKACl   Iv'' 

AO 
A*L 

»III N" 

NO  SCALE ZI 
AUGUST 1972 

MtWINfa N°   I 

ItOO 



LALONDE      QIROUARD     LETEN U l¡ E      * 
IN   ASSOCIATION   WITH 

I    R    E    Q 

A880CIAÍF.3     LTD. 

ELECTRICAL    INDUSTRY   TG£TIUÜ 
AND   EXPERIMENT AVION   CIIN TR G 

MADRID,    SPAIN 

lif.AWN  »* : Ci CHICHO »Ï : 

iji sicuro ti : VI 
Al 

; 

APPROVICI »» : ) 
MPKOVie tr : 

CONTRACT N"   • 

412 

JP 
riti «"   : 1 UAU : 

jAUQUf 
•CALI : 

NO SCALE 
(M(*WIMt< H"   1 

IZOO-S 
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I 

HORIZONTAL 
•USX 

HORIZONTAL 
•us n 

m 

w 

LALONDE GI R O U A R D      L E T E N D R U      & 
IN   ASSOCIATION   WITH 

I   H    E   O 
DRAWN  l:Y ; 

ASSOCIATES     LTD. 

tLECYIilCAL    II! íUUrn« Y    Y tí, Y Hi G 
AND   EXPERIMENTATION    CCMYÎiE     L^NID_.,Ï.: VI 

MADRID,    STAIN 

CI H» CMICMD B» 

tPPROVt.n BY AD 

AU0U8T 1972 
[ llfUWIN«. H'1   I 

IZOO-IO 
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I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
II 
li 

\ 

LALONDE GlflOUARD     LETENDUE     & 
IN   ASSOCIATION  WITH 

I    R    E    U 

ASSOCIATES    LTD. 

('»AWN B* : ELECT UK; AL    IMPüiJJUY    fui TING 
AND   EXPEfKI M K. N T A TION   CENTRE      l"^Hil 

MADRID,    îiP AIN 

Ct IHtCHO ««: 

B»: 

»PPBUVIO B¥ 

VI 
AD 

»PPKOVO e» : 

CONTRACT h° 

412 

J*L 
riti M" 

teme : 
NO   SCALE 

~| BMI 

1 BMl : 

[AUGUST »72 
WINl,  N°   I 

1200-11 



HORIZONTAL 
DUS I 

e 

''i LT    ' 

VtWTHjAL 8U3 JSL 

m 

HORIZONTAL 
•US  S 
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-i 1—U. •   w-  

tf \i,\ 
P 
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/ 

vp  

/  tir   A   «s 
/, v  -i*  '•£  

M 
tu 

LALO N DT: OIROÜAfiD     LHTHNDnn     & 
IN   ASSOCIAI ION   WITH 

I    R   E    Q 

ASSOCIATES     LTD. 

ËLECTi;! CAL    Elv'nU^ïiîY    TERY IN G 
AND   EXPCHII.it-Ut AVI (MJ    CENÏHE 

MADRID,   SPAIN 

rr<»v. n (>* : et eHtCKin |1\  : 

IJI SI(.M li  KV : VZ 
»l'P)!OYl I'  »Y AD 
ftrt'KOVIP  •» : ¿PL 
CON1MAC1   H°    : IUI »Io ] t>»n : 

41t 1 AUGUST 
•Call : I UNAWINC. N"   1 

NO 3CALC J           «00-12 
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E 
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LALOi'DE     QtnOUAHU      LETENDRE     A     ASSOCIATES     LTD. 
m  ASSOCIATASI   WITH 

I    R    E   Q 

ELECTRICAL   IK1 DU ST li Y   VtiÜTIMG 
AND   EKIM-iniMGMTATION   CENTRE 

MADRID,   »PAIN 

liRAWN UV Cl J» iCKID i» : 

MSIbNlU BY : 

AMROVIO Bï : 

ArrROVED l>i : 

roHiri*[Tt:°  : 

A? 
!*CT »Ie 

4lt 
Ht» *l 

AUGUST 1972 
»CAlt: 

NO   SCALE 
UMAWIN(, Nc     I 

IEOO-13 
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HORIZONTAL 
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Î 
u: ,?   ? 

ì 
IAIONDE     QIROUARD     LETENDRE     *     A86OCIATE8     LTD. 

IN   ASSOCIATION   WITH 

I   R    E   Q 

ELLCTHICAL    INDUSVIiY   TESTING 
AND   EXPERIMENTATION   CENTRE 

MADRI P,   8PAIN  

1>*AWN 11* : ^r CtttCfttD Ut : 

M «.ICS. U IV : 

tWROVhl) »V A.D 
«rtKovco »1 • 

CONTRACT 

4*1 

%¥ 
i int m° : r •«Ti : 

AU0U3T 1972 
*C»Il : 
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HORIZONTAL 
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HORIZONTAL 
•Ut S 

,^.H  H •• 
M 

LALONDE     GIROUARD      LETEfDRE    A     ASSOCIATES      LTD. 
(N  ASSOCIAI ION   WITH 

IRLO 

E L E C ï R ! G A L   I tt 1.1 U fi T II Y    T £ fî ï I N G 
AND   EXPERIMENTATION    CENTRI- 

MADRI D,   SPAIN 

1>H»WN HY :             ÇJ 1 CHICKED «Y : 
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MPHOVIH 6» •        J<R.L 

CONIIIAU N° 
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riti Nc    : 

*C»ll 
NO   SCALE 

AUGUST »72 
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1200-15 



HORIZONTAL 
DUG I 

HORIZONTAL 
DUS   II 

u 

LALONDE     GIKOUAHD     LGTENLUiE      &      ASSOCIATES      LTD. 
IN ASSOCIATION   VVIIH 

i  n   E   o 
ELLCTR I CAL   IliDlimTîY    lESÏliKÏ 
ANI)    E X l1 H l¡ I i', ti N Ï A T I O N    CE U V (1 E 

MADRID,    SPAIN   

DRAWN  BY : 

ill.SIGNIO  f» : 

AFPIiOVf l> B» 

Annoveri »» 

CON1KAC1   H" 

412 

V.Z 
E reno M : 

AD 

• III.  N° 

HAU 
NO   SCALE Ili 

"THAU 

JAUi AUGUST 1972 
MAWIIMi H°   I 

1200-16 
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•Ut I 

HORIZONTAL 
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• t—I—I—I—I- - 

VfUTICAL tUt VT 

lALOW DC     GKIOUARÜ      IETENDHU      Ä 
IN  ASSOCIATION   WITH 

i   n   l:   o 

ASSOCIATES      LTD. 
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CON Ut AU 

CM 

AD 
"J* 
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Vi IUI U" 

AU< AUGUST I9T2 
»CM I : [OMWINC. U"   I 

 \Joo-il 



—— rTTC -ZZ^rjjiì^Z. 
I* I     -1 ¿-L-L* ^ !    1 /   J       *! 

3CZT 
w w 

Ik 
O 

II III 
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Aaalyale of possible connecttooa of Hi« 

geaerotor-transformer group 

Tho following pagos proso«* a systematic analysis of possiti« 

«oej»ectlo«s of Mio generator-tra*« former grò«» for tho High 

Power Laboratory of tho Electrical Induetry Testing and 

Enper Indentation Coatto. 

Il lo conchado«! that Mio moot economical aolotion giving satisfactory 

parameters will be baa ad on Mie following points t 

I.       Tho goaorotor will novo no simple winding in «*ch phot«, 

connected in «ter permanently.   No chonga-ovor «witch 

t« required for the gonorotor. 

V 1.       A dlroct connoctlon of tho generator with Mi« toot coll 

(without peaalng through transformera) la not required at 

Mio beginning, but apoce and provi a lona will bo mode to 

onoble the addition of auch o teat coll, when a eocond short- 

circuit gonorotor la odded. 

S.       Tho beale primary connection of Mio traneformore for three- 

phoae tea ta In delta.    For atngl«-ph«a« t««ta tho transformera 

| will bo In parallel, supplied from two phaeaa of tho generator, 

which remain« In atar. 



ÜÉITITI or m cowacTioii or TW oonAToa- 

Mfft-POW» TjtT ITATI« IM HAMID. iPAIM 

I 
I 
I 
I 

••   Mmniom or TMI AMALYSU. 

1.    It if UNMd th»t a three-phaaa short-circuit |«aerator will ha 

«Mi, having « rated voltai« of 14 kV, ratai ehort-circuit capacity 

•i 1100 UVA, ana »haca raactanca of 40 aß at 50 Ha. 

Tfceee two parameter a and others calculât*! o« their fcaeea refer ta a 

tiaa of 0,13 a aftar tha tegiaalnt •* tha ahort-circult. 

I.    The ayaaatrlcal short-circuit currant (l.M.f.) at tea see» tie» 

ui i   > ayo*"»* , H * 
m     p. 14.103 

1.    The total raactaaca of th« taat circuit par phaes will «a 

! • ** ?*o    • Of0f4 n • f4 ofl 
1100.10* 

4.    Tha tua aya ta« connactlnf tha generator toral nal a with tha traaaf avatar 

«111 ha «ade of bara having an equivalent dlae»ter of 1$ ca, placai ia 

a plane at a diatene« 0,5 m (cantar to cantar).    Tha aaaa distança io 

1^ • 0,3 x 1,24 « 0,71 a, and tha raactanc« at SO Mi 

Iw » 01.1  (0,25 • in Hy) . 140 & 

fat tha aatinatad langth of tha connection of 55 «/X| • 140.10"* a IS « 

3.4    efl * 4 afì 

I.    Tha higheet raactaaca of tha transformer group 

«w» • •» •M - • • » * 

par phaoe will hai 

I 



/• 

I. 

I.   Avallati« capacity •* **• tMt «lrcalt tor S paacc aai «lafla- 

•MM Mate. 

fM capacity «rill M liait«* «aaically «yi 

c)   Oaaaftor't ctatar carraat, 

•)   Ocacrator'c r«t«r cttrr«at, 

«)   Mawratar'c valtaaa( 

4)   r*r*l«albl« carraat «f «taar draalt «laaaatc each M lue ! 

ayataa, taca «p circalt Wcaaar, aaaiaj atrltca cai traaaf< 

a)    la» ai car a af taa circalt. 

It   taat voltata 

1.   Ccaalaalty af taa eaaawtatlaa aaji ltc caat. 

Il» ala of ttw aaalyala    la ta pat alpjaact paaalala capaciti«« la tMM 

raafcc af valtaaa« aai carrMtc «aar« taay ara aaaiai «itti taa aaat 

alapl« aarf «coaoalcal arraaaaaaat. 

1W tMt caaacltlcc aaat M IftaAtai ay aaaarctcr'c par MI tara aal y. 
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li  IIYVtfrTfil 

Dlacraa è raactaacas 
ft ahsaa in afl 

Goaarator Ina Transformar 

¿VÁ" 
Capacity limitad ay the raa< taaca of    raaafor— a 

^~:*S 

C"_HII 
Capacity limitad by reactaw* of gana ator 

^('T '.•AW 
Ovaraxcltatlon 
overexcitation 

Voltala 

kV 

la. 

•.Of 

I.* 

1.0» 

1.01 

total 
reactance 

•1.31 

••.ss 

31.53 

current 
f* 

ekaee 

kA 

IM 

112 

ay 13, •* Capacity Haltet, 
, ay reactaacf of aanorfrtor. | 

ISt 

In aoiti 

eaaaclty 

MVA 

1100 

1010 

MS 

1|?0 

of 
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MtftM i NMtIMM 
por pt*M U *î 

Onirifr B«M trMMf 

V»lt*e 

14 

«•tal 
UIC t— M 

capftclty 
ptr 

14 

Mfcity Itaifd by t—età» • »i tt 

Cwttnt IUI ting g—efe«    Htf t> 

•«A. I 

14 

IM 

for«OTt. 

(IM) 
M» 

W lucici 

14 

Overexcitation by 15,0* 
Cwrr>nt liai ti m r—ct—ce ff 13 nfl t# •• 

(IMI 
MS 

UM 

IMO 

INO 

INO 



I 
I 
I 

/* 

i.   OMMRI TO UK OfMUBCTlOMI 

i.   TI» tbree-ahee« coaaectloa* «ccorilat to Me«    luit er« eaaivaleat 

I M to CIM voltai« ini capacity.   The fact, taat la ceaaectlon No. t tho 

arlaary vlailnf autt a« «ad« far |3 tlaaa algaer voltata aai levar 

oorroat will have eroeaely aafll|l»le laf luaace »a eho coat aai aachaalcal 

rl«l«lty. 

I.   Tao eoaaactloa uaier He.  1 la taa aaaa aa Ma. 1 aacaat for taa aenerator 

«atea la ceaaactai la éalta.    llallar, coaaactloa Ha. 7 la taa aaaa aa 

I». I« aacaat for taa traaaforawr «alea la ceaaactai la atar. 

I 
I 
I 
I 
I 
I 

Oeaaoctloa aa. 1 It oat tar taa« a*.  2, |lvi«e a higher caaacltjr.    Tala la 

I ave to lavar vol taa« eroe la taa tota aar«. 

I.   Coaaactloa« Moa   1 aai 4 ara «llaleatei eocauee af lavar capaciti«« 

irai with Noa   S, • aai t, aai far having a« ether eévantaaee. 

•ata eoaawctloae, Moa    2 aai 7, |lve oa aecoevJery of tat traaaforawr« a 

«aitato raata, which la   p lavar coaaerei ta Neo    1 aai t.   Tala eolatioa 

1« «otter  than a alaalc underexcltatlon of tha aoaarator, which vovli 

tlvt 700 MVA oaly la eeth caaa«. 

4.   Coaaactloa No. I la «llaiaatod, àocaaaa.  cooperai to connect lea Na. • 

lt |lvo« no addltloaal advantage.   Oa th« coatrary Ita laportaat éreveacke 

ara aeceaelty of ov«r«xclt«tlo« aai aocoaaity of each largar curreat 

I llaltiat reacuñe«. 

i S.   Ta» oaly two connect lone* far alatle-aaaaa teat a ( ramaialat aav are 

No«   S and) I. 

! 



/• 

UM AtoMt««« Of OMMOtiM »O.   5 li 51 Mil Mfattáty.    Aa* tait il 

iti only «dv«nt«t«.   0« tha «thar hand the   «dwantaaaa tf k, I in 

tha fallarla«. 

«)     flit coMMCtlon Ito. • §oa« with tar««-ahaaa coimactloa Ne. é. 

It «a« aa aaaa that 1« bath cona«ctlon« tha two aactioa« of 

I tacit »h«i« ar« In NTUI.    It it th«« ••••lbl« to ellalaata th* 

I tva windln« Mettons, hawln« J»it OM windln« in aach «naaa. 

' flit anaarator «ill hava « tor«inali instand of 12. Iti coat will 

| fct redwcod «ni ita reliability lacreaeedu 

« fc)     If Nee   a and • are «elected •• th« two eeeic connection« far 

tato« oh««« and ilngU-oh««« tasti, no chen««-over li naia a« 

I the generator at all.    Tnie nek«« It aoaaibl« to eliminate th« 

naaag« iiTir «witch conaletely.    Thii wowld «at ee panilla if 

I Ha«   1 «ad I «ara «elected ai beile connirtlona.    Tail aaawa 

• • fwrthor «lnpllflcition aad «conony. 

•)     1« eaee of the connection« Mai   1 «nd • th« atta aar lyitaa 

••at ee declined for 14 kV, MC«UM af connection Ha. 1 ani far 

IM hA, eecettec of Ho.  S.    On th« contrary for con* initio« af 

Me«   i end • the earaneteri of th« ana aar will be 14 Hf» M «A. 

ft» Mechanical fore«« 1« th« latter eaaa ara 1,4 tiaa« laaa. 

The deel«a will a« «aaiar ani ch«ceer. 

4)     For connection Mo. S a 11.M ov«r«xeitatUn «mat aa «««4, w*»4eh 

I MM« an add it ion« 1 itraaa of tha •anaratar*a rotor.   Thi« it 

. eat th« eaaa with cinmctlon Me. I. 



/? 

te «««eInaio« ve bollavo that ti» M highor eaeoolty imNtii vita the 

oanaectieo No. S eoo« «oc ci^iiiit« may vary las» runt advantage« of 

«ho co—tetloa No. •. 

I 
I 
I 
I 
I 
I 

flw foeatlea which wa «Ioli to aaewer In thio »ort loi 

I It It nace««ary to coMioct tho goner«tor Ulto a eooclal coll for to«to 

vita tho anchine only, «no «kich connectlone will fee u«e« for thaee toot«T 

I 
to MMWOt thl« question wo «riiMt too llagraa la too »oxt »«oo.    In 

I this élagraa w« «how tho renaje« of volt »go«, currant« and test capacitino 

oavoroi fey the generator In three-pha«« connections (full lino) an« in 

•lngle-pha«« connection (broken lino). 

This lo why connect lone No«    ft aaa I, for three-abase ani lUgle-phaee 

tont ara prepoee« for tho onerati«« of tho generatoc-trao«forner trow», 

••    liPBÄiiffr ***" *** wononnioia» um»» 

Itilo will ho conpares to tho range« coveroe fey othor toot facllltlee, 

nojMly hy 500 MVA tranoforaer group, «oppile« fron 2M kV iwtworh and hy 

tho eaaw generator, fewt «ero«« tho tranaf orner«. 

In thlo presentation, full logarlthulc paper lo uaed, with voltai« on tho 

vortical exea ana current on tho horizontal axeo,  th» direct lino« having 

positiv« 43° aloe« ar« tha lino« of th« constant ineoaance«, tho linoa 

hnvint *5° negativ« elope feeing tho llhoo of conotant capacity In NVA. 

In thlo «legran, tho full lino «how« tho tooting capacity available at 

tho toot coll in throo-phaoo connection. At point« th« Aj, l^ an« C^ 

tho full capacity of the Machine 1« available in eerlee-atar. 
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•er lee-del ta and perallel-etar c«ne«ction« reaaactlvely.   At tkeea 

peint« tha teat currtnt nut V« Halted by additional protection rene tanca, 

otherwlae the permissible current of tho machine would bi exceeded.    Feint 

Dj^ «howi tha aaxiaun current accaaalble in parallel-delta confection. 

S« this «pacific connoceien th« reactance of th« bus bars itself is big 

enough to protect the ganara tor, to that tho full power li not excoeeible. 

Looking «or« cloeely to the current! and vol teg« • ave 1 labia and coaaariag 

thee« par «aw tan with what will be r«queeted for toot a, va nay oay than 

I 1.   TH« ragion A. - A^ - A-, with the g«n«rator in «ariaa-atar connection 

oeaaa vary important.    If this t««ting possibility 1« ava Habla, threc- 

phaae t««ta could b« «ad« up to a current of M kA at vol tag« a between 

m I.I and 14 kV and elngla-ahaee with the «an« currant and equivalent 

volteges up to 11 kV.   If, on the other hand,  thla poealblllty do«« not 

I «Viet, only 52 kA alngle-nheae or 35 kA threa-ahaec (lniuad of M kA) 

it available in thla voltage range fro« 500 NVA tranafornar«. 

It le «stia* ted, that for a fev yaara to cone thla limitation will be 

I acceptable, but whan th« eecoad ehort-drcuit ganara tor la added a very 

big area of ganara tor circuit breakere will ba coverad by two «achia«« 

in parallel. 

In conclualon, our proposal i« not to build tha toa ting facility for 

direct teate froa tha generator only, but to laave the door op«n in order 

to be «bla to build otw or two colli for auch t««t« at the aonent of th« 

addition of the ««cond anchina.    It la eventually poaalbl« to sake th« 

con«truetion of th« call« at tha flrat «tag«, without hov«v«r, in«tailing 

lañadla toi y tha whole alec tr leal efuipaant for «uch t«sta. 
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1.   11» ragloa ©f eurraata Mi nlta|N aovara* by ramalaiat eiMMtlMi 

•f taa ganarator, that um eh» ragion llaltad by taa fall liao 1J    _ 

I C.   *G. *C. nil.   Mm to b« of littla laaor tanca.    Ttw curranta of 

104 kA ara avallabla fro« tha 500 NVA traaaforaara in alagla-ahaaa 

aaaaaction at voltagaa batwaoa 3,0 aad 1,2 kV.    Migliar current» ara Mt 

rataaatad in thla tona. 

It aunt b« bora la mini that, la tha hlga-curront taat MM ef tha 

•Utlon, auch Hl|har curraata vili aa avallarla at vol taa« • uo ta 1100 V 

alagla-phaaa far dyaaolc aaji thanaai taata. 

It la tharafora augtoataa to aliala« ta all taaarator eoaaactioaa 

aaeaat aarioa-atar. 

fais raatrlctlaa ta oar coaoactio» oaly fallt la 11M with taa racoaawaaatloa 

aatllaod la aactloa D tai roaalta ia taa aaaa aavaatagaa ti llatad tfcora. 

r»   <^WIWP 

Qaaaral conclusion« dram fra« this aaalyalt, taking into account tha 

taatlag «croaa tha traaaforaara aa wall aa fro» tha goaarator only arat 

1.   A «hort-clrcuit g«n«r«tor in a la* la atar connection will bo usai. 

t.   Ha chango-ovar «witch of tha «rindin« li raauoatad. 

S.   Tfca vlthatand currant of the fetta bar «yataa aotvaon tha taaarator 

•ma traaaforaar will bo M kA R.N.I, and MO kA aaaa. 

*.   Oat or two taat calla for teat la« at ganarator voltata will ba 

I «Mlayoá for tho futura but will aat ba aaalaao« at tha bagianla*. 

Î 
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CtttU« oí pftrftm«Mrs fer MM • teert-c ire »It 

fonorotor of MM Hl|h P*w«r flotio* 

Urto Apacaéte« M», t pr*tMtt « ftlw-rt «Mlyot« *f MM 

ft IMH-circuit loaorfttor to fco *•«• *• MM tower eoorce 

fo* MM High Power Motion of th« Eloctrtcel biáwetry 

Tootfctg ftn« Expertmoototton CMlrt. 
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1.    GENERAL 

In th« TEST AND EXPERIMENTATION CENTRE project in Madrid, Spain, an 

lndapandant power aourca haa been forasaanfor feeding tha High Power 

Station.    Tha required powar, around 4000-5000 MVA will ba uaad both 

for direct taating and aa a currant source for synthetic taating.    Thia 

powar hai to ba supplied by alternatore specially designed for developing 

larga short circuita. 

2«    DEFINITION OF SHORT-CIRCUIT POWER 

Since there ia no univaraal definition of short-circuit power, the power 

flowing at tha beginning of a short circuit la often used as a reference 

power.    Thia definition ia not satisfactory, however, for it doea not 

give the power available in the test cell. 

Our docunent on short-circuit generators is baaad on a definition of 

ahort-circuit power as the power available in tha teat cell, taking into 

account the lapedanca of transformers and bus bara    over a period of 

150-200 ms       following tha initiation of tha ahort-circuit. 

Thia power nuet ba aa steady as possible during short circuits to allow 

standard tests to ba perforated. 

3.    SHORT-CIRCUIT GENERATOR CHARACTERISTICS 

To «aet all tha above requirements, these generatore must ba designed quite 

differently from standard generators.    The following characteristics are 

required : 

-   To create large ahort-circuit currenta, tha ahort-circuit reactance mist 

be reduced to a minimi«.    Thia iaplies a generous dimensioning of the 

•agnetic circuit and a special rotor winding. 
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- A draper winding is added in th« rotor to compensate for «mature 

ruction.    Th« winding 1« «f£«ctiv« only «t th« vary beginning of th« 

•hort circuit but it do«« also t«nd to reduce th« rate-of-rlse of 

th« recovery voltage.    Thi« consideration is valid for 3-phase «hort 

circuit«.    In th« case of asymmetrical «hort circuit« (single-phase 

or two-ph«ss), vhich constituís th« majority of t«at«, th« damper 

winding h«lp« to raduc« th« inverse magnetic field and, consequently, 

will provide a better eh ape for th« «hort-circuit current and will 

raduc« heating in th« generator.    In conclusion, the influence of th« 

damper winding i« questionable and while some manufacturers avoid it, 

•oat of them in fact us« it. 

- On« of th« most important requirement« is to keep the short-circuit 

current steady but this is impossible using th« damper winding.    In 

order to compensate for th« armature reaction, th« excitation currant 

n««da to be increased 10 to 15 time« comparad   with the rated currant. 

A solution to th« problem is to us« an external source consisting of 

rotating machine« or static rectifier»   (diodes, thyristors etc..) and 

capable of supporting considerable overcharges during short circuits. 

The major difficulty involved is how to apply a very large direct 

current and cut it instantaneously. 

4.    CHOICE OF PARAMETERS FOR THE UNIDO PROJECT IN SPAIN 

Short-circuit power 

Power requirements have been based on the Centre's taat program.    Single- 

phase power (see section 2) should be 2500-3000 MVA to allow for the unit 

testing of 110-220-420 kV circuit breaker«.    Three-phase power in thie case 

is 4200-5000 MVA.    A study of existing generators reveals that a unit 
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power (three-phase)  of 2000-2200 MVA offers a better solution that la 

justified both technically and economically.    The purchase of one generator 

is envisaged initially though provisions will be made for future extension. 

Voltata 

Since it it considered that the voltage of a generator with this short- 

circuit power nseds to bs higher, we have chosen 14 kV ss ths rsference 

voltage with the possibility of 10Z overexcitation above rated voltage. 

Power increasss in proportion to the increase in voltage.    Ths whole 

project is bsssd on this voltage.    The additional reactances.bus bars and 

trans former • sre estinated to be 30 aft, in accordance with the requirements 

of the specification. 

Deeper winding 

We conaider that manufacturers have all ths inforaiation thsy nssd to 

evaluate the advantages and disadvantage! of this winding end it is there- 

fore for them to decide whether or not to use it. 

Ixcitation system 

The stsndsrd sxcltation system using rotsting machines has provided satisfac- 

tory results, as can be ssen from the example in Figure 1.    The aaynchronous 

•»tor (1) supplied by the system drives the dc generator (2).    This generator 

aupplies the dc motor   (3) with s fluctuating voltage, which enables the 

speed of   group 3-4 to be regulated.    The ac generator  (4) feeds the motor 

(5) with a variable frequency and this in turn drives the msin generator  (6). 

When the short circuit is producedjthe dc generators  (2) and (3) are short- 

circuited through the magnetising coll of the main generator (6) and produce 

the required super-excitation.    At the time of the short circuit, all the 

generators srs driven by thslr rotsting inertia. 
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a) Reliable service du« to long ua« and sophistication of th« system. 

b) Possibility of varying tha ganarator frsquancy without furthar 

investment. 

Th« disadvantages ara ths following: 

a) Tha prastnc« of largs ganaratora craatas problema In tha aystsm dut 

to th« larga de current (>20 kA) particularly during d«-axcltation. 

b) Tha largs machine tin« constant« Unit tha poasibllltiss of improving 

ths ays tan (controlling the dc currant for example). 

c) The coat of de machinas la vary high. In tha case of a 2100 MVA 

generator, tha equipment would cost betvssn $750,000 and $800,000 

(excluding ths generator). The cost can be reduced substantially if 

diodea are used for excitation but this solution Involves tschnlcal 

disadvantages particularly with rsgard to lnatantaneous breaking of 

tha current when de-excitation takes place. 

In light of thess dlsadvantagea, it was decided to us« ths thyristor 

system (see the proposed diagram In drawing 1005). 

Th« driving motor Is fed by the eyatem in ths cass of service at 50 Hi; 

I in the caae of 60 Hs, it is driven by the generator (3). This generator 

la designed both for normal excitation and superexcitation controlled by 

th« thyriator bridgea. A this generator represent« an independent source 

of power, It is possible to avoid harmonics in th« supply system. 
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I This systaa of ft» the following possibilltlaa:- 

•   «citation bafora tha short circuit occur« «id automatic regulation of 

J th« voltag« to th» raqui rad lavai. 

I -   rapid paaaag« fren ratad axcitation currant to aupar-axcltation currant. 

- control of tha dc currant by applying an alactronic circuit to tha 

I gatas of tha thyriatora. 

] -   «xtraaaly rapid da-axcitation dua to tha ravaraibility of tha thyriatora. 

This axcitation nathod ia uood widaly in all aodarn atandard gonaratora; 

in tha caaa of short-circuit ganarators, howavar, tha ovaraxcitation factor 

j has to ba furthsr lncrsaaad. 

i Caolini of tha tanarator 

Tha systaa of cooling choson for this pro j act ia tha opan-circuit typ«. 

| Tha daclalon in favor of thia aystae vas   baaadon tha fact that tha 

sablant humidity at tha Cantra ia ralativaly low and cannot harafully 

1 affact th« »achina'• insulation. 
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«CHATIO* SYST» 

WITH PC MftCHMEl 

Fiiura 1 

1. Asynchronous aotor 

2. dc gantrator 

3. 4c aotor 

4. ac variabia - fraqusncy ganarator 

5. asynchronous aotor 

6. aain dc genarator 

7. normal sxcltar sat 
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