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Introduccién

Durante un histérico discurso pronunciado en la Asamblea General de
las Naciones Unidas el 9 de diciembre de 1953, el Presidente de los Estados
Unidos, Dwight D. Eisenhower, enumerd por primera vez el plan "Atomos para
la paz", destinado a difundir los beneficios de 1a energfa nuclear por

todo el mundo.

Hoy dfa, a pesar de los contratiempos surgidos en la década del 1970,
el atomo se ha difundido por todo el globo terrdqueo. En junio de 1981
estaban operando comercialmente para generar energfa eléctrica aproxima-
damente 250 reactores, en centrales generatrices de sobre 30 MWe, habiendo

cerca de 285 en alguna etapa pre-operacional. Estas unidades tienen una

capacidad neta en megavatios eléctricos de 408,098. (Ver Anejo 1).

Sin embargo, el desarrollo plenoc se ha visto maculado por movimientos
antinucleares de todo tipo. En adicidn, la legislacién protectora del
ambiente que empezd a surgir, especialmente en los Estados Unidos, desde
el 1969 (NEPA) también puso freno al desarrollo de esta nueva energia en

la fase de su utilizacidn para centrales generadoras de electricidad.

A raiz del discurso del Presidente Eisenhower en el hemiciclo de las
Naciones Unidas en el 1953, el Congreso de los Estados Unidos enmendd 1a
Ley de Energia Atémica de 1946 que no tenfa disposiciones para el uso paci-
fico de esta fuente incalculable de energfa. En el 1954 se enmendd total-
mente Ta Tey para autorizar a la Comisidn de Energia Atémica (CEA), esta-
blecida en el 1946, adoptar reglas y stdndards para implantar un procedi-
miento para licenciar la construccidn y operacién de instalaciones nu-

cleares para usos pacificos.




En el crecimiento del sistema regulador de la CEA pueden identificarse
Cuatro periodos de desarrollo. EI primero comenzé con la aprobacion de la
Ley de Energfe Atdmica de 1946; el segundo con la promulgacidn de la Ley
de 1954; el tercero con la emisidn o concesion del primer permiso de cons-
truccifén de un reactor de gran capacidad energética cerca de Monroe, Michigan
(a la Power Reactor Development & Co.) en el 1957; y el cuarto con la apro-
bacidn d= la Ley de Reorganizacién Energética de 1974, que abolié la CEA y
transfiriG todas sus funciones de Ticenciamiento y regulaciones a la recién

Creada Comision Reguladora Nuclear (CRN).

E1 desarrollo de la energia nuclear en Puerto Rico ha sido gobernado
tanto por la CEA como por 1a CNR. Es la funcidn principal de la CEA (y de
Ta CRN) el asegurarse que las actividades privadas relacionadas con la uti-
lizacién de la energfa nuclear se conduzcan dentro de un marco de seguridad
razonable para cue el piblico y los trabajadores no sean sometidos innece-
sariamente a los riesgos de la radioactividad, ademds de evitar que se con-
tamine el ambiente. Precisamente esta preocupacion es vital para que se
apruebe 1a Ley de 1974 que abolid la CEA y creé 1a CRN, ya que para muchos
las funciones promocionales y reguladoras de la antigua CEA eran inconsis-
tentes. Esta preocupacién toma gran auge en los comienzos de la década
del 1970. Tan es asi, que un ex-director de 1a CEA, el Dr. James R.
Schlesinger, manifestd en el New York Times el 26 de noviembre de 1976,
que la CEA no sequiria actuando como un promotor de la energia nuclear y
sT se convertirfa en un "drbitro" del interss pablico. De hecho, la recién
creada CRN no tiene funciones promocionales; estas fueron ubicadas en la
Administracidén de Estudio y Desarrollo Enérgetico (Energy Research &

Development Administration).




E1 desarrollo de la energfa nuclear en Puerto Rico en el campo de la
generacidén eléctrica tuvo un buen comienzo, pero actualmente su estado es
incierto en una isla que paradéjicamente depende 100% del petrdleo impor-
tado. Por otro lado, en el campo de Ta medicina y en la industria se ha
venido utilizando con éxito la energia nuclear; actividad requlada por el
Reglamento para el Control de 1a Radiacidn en Puerto Rico, promulgado en
el 1972, bajo la supervisidn de los Departamentos de Salud y del Trabajo
¥ Recursos Humanos. Este reglamento fue establecido a Ta luz de la Ley
#79 del 24 de junio de 1965, aprobada por nuestra Legislatura, bajo la cual

el estado asume control sobre ciertos materiales ¥y equipos radicactivos.

Sin embargo, el primer contacto que tuvo la CEA con Puerto Rico fue

a través del Centro Nuclear de Puerto Rico (CNPR).

La Comisidn de Emergia Atémica fue instrumental en el establecimiento
en Puerto Rico de dicho Centro y del primer reactor nuclear para producir
energia eléctrica. Es a través del Comisionado James T. Ramey, un gran
amigo de Puerto Rico, y del entonces Director del Centro, Henry J. Gomberg,
que nuestra Isla se viste de largo en el campo nuclear en toda América.
Tan es asi, que se hace indispensable que Ta CEA estabiezca en Puerto Rico
una oficina local (1957 a 1974), dirigida primeramente por el sefior Jghn
[. Thonas y luego por l10s sefiores Floyd P. Trent y Perry Morgan. Estos
fueron decididos y entusiastas colaboradores con las instituciones que

se vieron envueltas en el desarrollo de la energia nuclear en nuestra Isla.

Centro Nuclear de Puerto Rico

Posterior al discurso del Presidente Eisenhower en las Naciones Unidas

en el 1953, se celebrs 1o que se conocid como 1a Conferencia de Panami del




ano 1956, en donde éste instd especificamente a que se hiciera algo "por

acelerar 1os usos benéficos de la energia nuclear en todo el hemisferio".

En enero de 1957 se celebrd un simposio en la Universidad de Puerto
Rico sobre las Aplicaciones Pacificas de fa Energia Atdémica. Durante
esta reuncidn, la necesidad de un centro nuclear que sirviese a Latino-

américa se hizo mds evidente.

Como resultado de este simposio y de la Conferencia de Panami, la
Comisidn de Energia Atdmica de los Estados Unidos estableci6 el Centro
Nuciear de Puerto Rico, contando con la importante cooperacidn y ayuda de

1a Universidad de Puerto Rico, bajo los términos del Contrato #AT-(40-1)-

1883 entre 1a UPR y la CEA.

Et Centro Nuclear fue concebido principalmente como una ayuda a las
naciones lationamericanas, a las que permitiria adquirir las técnicas
esenciales para las actividades relacionadas con la energia nuclear prove-
yéndolas de educacidn para graduados y de oportunidades de investigacion.
Ademds, el CNPR particips en la preparacion de operarios y supervisores
para el primer reactor nuclear que se construyd en toda Latincamérica
para generar energia eléctrica, BONUS, Tocalizado en Rincdn, Puerto Rico.
Esta era una central nucleceléctrica de tipo experimental de alrededor de
16,500 kilovatios de energia eléctrica. También ayudé en las investiga-

ciones marinas y ambientales para los matogrados proyectos nucleoeléctricos

de Aguirre y Arecibo.

E1 CNPR fue establecido el 2 de octubre de 1957 y la colocacidn de

'a primera piedra para la construccidn de] edificio del reactor, en Mayaguez,




tuvo lugar el 26 de julio de 1958, el que fue inaugurado el 23 de agosto
de 1963. Durante su primer afio de operacion (1957-1958) asistieron nueve
estudiantes extranjeros y cincuenta ciudadanos americanos, mayormente

puertorriguefios. (Ver Anejo 2).

Las operaciones del CNPR fueron ubicadas en Mayaguez (Recinto Univer-
sitario de Mayaguez), y en Rio Piedras {Centro Médico). En Mayaquez, el
Centro ofrecia programas de tecnologia y ciencias nucleares, ingenieria,
radiofisica sanitaria, quimica, agricultura Yy biologia, equivalente al
grado de Maestro (Master) en Ciencias. A Ta disposicidén de los estudiantes
habia tres reactores nucleares, Yy un montaje subcrftico, un generador de
neutrones de 14 MeV, espectémetros de neutrones, un laboratorio para tra-
bajos de alta y baja radioactividad, una instalacidn de rayos gamma, un
laboratorio de quimica y edificios separados para biologia marina, inge-

nieria nuclear y agricultura.

En 5an Juan se contaba con un edificio biomédico localizado en el
Centro Médico equipado para diferentes investigaciones. Facilidades para
irradiacidn inclufan una unidad de tele-terapia de cobalto 60, una unidad
de rayos X para terapia de 300KVP y un irradiador de céba]to. Un labora~
torio de estado s6lido en el Colegio de Ciencias Maturales de la Univer-
sidad de Puerto Rico-Recinto de Rio Piedras y laboratorio de ecologfa
terrestre en varios puntos (Bosque Nacional de Luquillo, entre otros}.

Se ofrecian programas en aplicaciones de radio-isétopos, aplicaciones cl17-
nicas de radioisétopos, radioterapia y adiestramiento en céncer y radio-

biotogfa, y posefa una Divisién Médica.

E1 CNPR cerré sus operaciones como tal el primero de julio de 1976,




al convertirse en el Centro de Estudios Energéticos y Ambientales, bajo el
mandato de la Ley 93-438 del Congreso de los Estados Unidos (1975). Du-
rante sus 19 afios de operacidn (1957-1676), el CNPR considera como su prin-
cipal logro el haber entrenado 3,560 estudiantes y cientificos de 41 dife-
rentes paises en l1a tecnologfa y ciencia nuclear, medicina nuclear y radio-
fisica sanitaria. (Ver Anejo 3). De estos, 6394 eran extranjeros, 2,866
ciudadanos americanos (la gran mayorfa puertorriguefios). De hecho e]

dnico record que distingue a los puertorriquefios de los demds ciudadanos
americanos disponible a este escritor, nos indicd que entre el 1970

al 1976 de 1,328 ciudadanos americanos; 1,248 fueron puertorriquefios.

{Ver Anejo 4).

Otro hecho significante de la importancia de este Centro y lo que
representaba, fue que en sus primeros 10 afios su staff aumentd de 43 a
300, incluyendo 80 cientificos. (Ver Anejo 5). Al momento del cierre
su Senior Staff era de 140. (Ver Anejo 6). Durante sus primeros 18 afios
de vida, el Centro tuvo un promedio de 185 estudiantes por afio, y en su
i1timo afio su matricula era de 239 (Ver Anejo 7); siendo el 1974 su afo
de mayor matricula en su historia, 365. Durante sus 0Gltimos cinco afos
el Centro adiestrd el 36% de su matricula total de 19 afos. Todo esto
parece apuntar hacia el hecho de que el CNPR no habia perdido importancia

ni interés entre la comunidad cientifica al momento de su cierre.

E1 Centro produjo en su historia alrededor de 766 publicaciones cien-
tificas, siendo el afio 1970 el mds productivo con 98 (Ver Anejo 8); un
promedio de 40 por afic. Su staff presentd alrededor de 643 papeles cien-

tificos en reuniones cientificas alrededor del mundo, siendo el afio mds




productivo el 1966 con 76 (Ver Anejc 9); un promedio de 34 por ano.  Todo
este acervo cientifico en el campo de la energia nuclear y sus campos re-
lacionados habla muy bien de Tos Togros del Centro. Ante este cuadro
nadie puede sostener que el interés en la energia nuclear habia decaido,

al mencs desde el punto de vista cientifico.

Por otro lado, el CNPR tuveo la responsabilidad de conducir un pro-
grama de investigaciones cientificas en biologfa, quimica y fisica como
parte de 1a exhibicidén Atomos en Accién de la Comisién de Energia Atomica
en tatinoamérica. Estas exhibiciones, que envolvian seminarios ¥ confe-
rencias, se llevaron a cabo desde el 1965 vy al 1970; siendo beneficiados
Tos siguientes paises: Fl Salvador, Guatemala, Costa Rica, Nicaragua,

Panama, Ecuador, Venezuela, Argentina y Brazil. (Ver Anejo 10).

5in embargo, el Centro Nuclear de Puerto Rico recibig el impacto anti-

nuciear de la década del '70, especialmente durante los afos 1973-76, y

el resurgimiento del movimiento ambiental. Su programa nuclear empezf a
decaer y gran parte de su presupuesto de adiestramiento y educacidn de
$1.2 millones en el 1976 era usado principalmente para fespa1dar las ope-
raciones bdsicas del Centro {este presupuesto habia sido de $119,000 en
1958). (Ver Anejo 11). Por otro lado, el rol investigativo del Centro
aumento de $58,000 en el 1962 a $1.062 millones en el 1976, especialmente
dedicado a l1a ecologia terrestre, biologTa tropical marina y a la ecologia
tropical humana. (Ver Anejo 12). ¢Cumplié con su objetivo el Centro al
permitir que la ola antinuclear cargara con el programa nuclear a pesar

de que tenfa estudiantes y personal? Tan es as?, que el sucesor del CNPR,

el Centro de Estudios Energéticos y Ambientales (CEEA) tiene proyectado




para l1os proximos 5 anos (1982-1985) un 0.6% de su oresupuesto para un
programa nuclear. En el periodo 1977-1981 menos del 9% fue dedicado a

dicho programa. (Ver Anejo 13).

BONLS,
ET 4 de febrero de 1960 la Comisién de Energia Atémica de los Estados
Unidos de Norteamérica contratd separadamente con la General Nuclear Engi-
neering Corporation (GNEC) de Dunedin, Florida, E£.U. y la Autoridad de las
Fuentes Fluviales (hoy Autoridad de Energia Eléctrica), para el disefio com-
oleto de la Central Nuceloeléctrica BONUS (Boiling Nuclear Superheater).
Se adjudicarcn Tos contratos AT(40-1)-2674 y AT{40-1)-2672 de la GNEC y la
AFF, respectivamente, por las porciones nuclear ¥ generacion eléctrica.
Estas adjudicaciones surgieron como consecuencia de haber completado tanto
la GNEC como la Autoridad de las Fuentes Fluviales (AFF) estudios y disefios
preliminares sobre BONUS bajo el Contrato AT(40-1)2484, otorgado en el afio
1958.  Dichos estudios fueron terminados el 30 de noviembre de 1959 y el
21 de diciembre de ese mismo afio. Fueron publicados en diciembre de 1959
y enero de 1960, respectivamente. La decisién relacionada con el permiso
de construccién fue emitido por la CEA el 28 de junio de 1960, siendo

final y firme el 19 de julio de 1960. (Ver Anejo 14).

La Central recibié el Permiso de Operacidn No. DPRA-4, otorgado por
la CEA, a principios de 1964. E1 13 de abril de 1964 se 1levé el reactor
a un estado de criticalidad inicial. ET1 15 de septiembre de 1965 el
reactor fue llevado a su potencia térmica méxima, 50 megavatios, con todo
el vapor desviado hacia el condensador. E1 dia 20 del mismo mes de cargd

la turbina a 16 megavatios eléctricos, la capacidad de disefio de la central.




Durante el perfodo del 10 de noviembre a 9 de diciembre de 1965 se operd
la central a su potencia completa como demostracion. E1 periode de arran-
que terming el 15 de diciembre del mismo afio. (Ver Anejo 15). Entré en

cpevacidn comercial en marzo de 1966.

La Central operd hasta julio de 1967, cuando finalmente fue decomisada
en el ano 1970 por razones econdémicas, segin se sefiala mas adelante. FE}
proceso de decomisidn se habfa iniciado el 11 de agosto de 1969, al recibir

el permiso final de la CEA. (Ver Anejo 16).

Esta fue la primera aventura nuclear de la AFF, y el primer reactor
nuciear instalado en Latinoamérica para generar energia eléctrica; o sea,
BONUS fue la primera central nucleoeléctrica de Latinoamerica. EI tipo
de reactor utilizado era uno de dos que fueran instalados en esa época en
el mundo occidental. Consistié de un reactor nuclear de agua hirviente
(boiling water reactor) con sobrecalentador nuclear de vapor integral.

La Central tenia una capacidad generatriz de 16,500 kilovatios eléctricos.
Era un programa conjunto (joint venture) de Ta CEA y la entonces Autoridad
de las Fuentes Fluviales, hoy Autoridad de Energia E1écﬁrica, siendo ope-
rado por esta Gltima en plano de investigaci6n por espacio de tres afios
{1964-1967). Lo que se investigd fue la técnica de producir vapor sobre-
calentado por métodos nucleares, propdsitc que fue cabalmente cumplido.
Una vez demostrada 1a viabilidad de esta técnica, la Comisidn de Energia
Atémica desistid de seguir costeando la operacidn de 1a misma y se la
ofrecié a la Autoridad. La AFF decidié no operar comercialimente 1a misma

debido a que la pequefia capacidad de la central (16.5 MWe) la hacia econd-

micamente inoperable en su sistema.
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Para la operacién de dicha central se adiestraron alrededor de 50
técnicos especializados en el campo nuclear en distintas capacidades

(incluyendo ingenieros), 1a gran mayoria en el Centro Nuclear de Puerto

Rico,

Este proyecto inicié un proceso para dotar a Puerto Rico de una
central nucleo-eléctrica comercialmente viable, proceso que no se ha cul-
minado y parece que finalmente decaeri. Es bueno sefialar que varios cien-
tificos e ingenieros puertorriquefios y norteamericanos (Dr. Modesto Iriarte,
Br. Juan A. Bonnet, Jr., Ing. Angel J. Lizasoain, Ing. Julio Hernandez
Fragoso, Sr. James T. Ramey, Dr. Henry J. Gomberg, Sr. Sol Luis Descartes,
Ing. Rafael V. Urrutia, Dr. Ismael Almodovar, entre otros), al igual que
los ex-gobernadores Luis Mufioz Marin {q.e.p.d.) y Luis A. Ferré, visua-
Tizaron desde el 1960 1a necesidad que tenia Puerto Rico de independizarse
del petréleo importado (13 afios antes de la crisis del 1973}, y vieron en
Ta incalculable energfa atémica la solucién de nuestro desarrollo econdmico.
La Autoridad de las Fuentes Fluviales (hoy Autoridad de Energfa Eléctrica)
fue pionera, junto al Centro Nuclear de Puerto Rico de ese esfuerzo. Sin
embargo, es bueno sefialar que la AEE, por diversas razones, no considera
seriamente al presente la alternativa nuclear entre las posibilidades que
tiene Puerto Rico para solucionar su dilema energético. Sin embargo, en
San Luis Obispo, California, Ta Pacific Gas & Electric, la corporacidn
privada mds grande de la nacidn de generacidn eiéctrica, estd a punto de
inaugurar una central nucleceléctrica (Cafion del Diablo); 1la séptima que
entraria en operaciones desde el incidente de la Isla Three Miles. (Ver

Anejo 17). Todo esto ocurre en el pafs donde mis abunda el carbén.
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En Busca de un Lugar

Conociendo que Ta Central BONUS no ofrecia posibilidades de operacifn
comercial, la AFF inicié una serie de estudios geol6gicos, hidroldgicos y
ambientales desde el 1963 alrededor de la Isla para buscar posibles lugares

de ubicacidn para centrales nucleoeléctricas y fosiles.

Los primeros estudios (1962-1967} se realizaron en Tortuguero (manati),
Palo Seco (Toa Baja) y Aguirre (Guayama), luego en Punta Higuera (Rincén)

y Yabucoa. (Ver Anejos 18 y 19).

En una ocasidn, entre 1973-1975, la AFF 1legé a someter 15 posibles
Tugares para la construccién de centales fésiles a la Junta de Calidad Am-
biental de Puerto Rico. (Ver Anejo 20). Posteriormente esto se redujo a
cinco {5) por motivos ambientales, geoldgicos, agricolas, hidrolégicos y
turistico. Luego, de estos fueron establecidos varios para ubicacién de
centrales nucleoeléctricas.

Especificamente, la AFF someti6 a la Junta de planificacién de Puerto
Rico, el 19 de septiembre de 1963, una consulta de ubicacifn para una central
nucleoeléctrica al oeste de la Laguna Tortuguero {(Barrio Tierras Nuevas Sa-
lientes} en la municipalidad de Manati. Esto se hizo en paralelo con los
estudios antes mencionados. E1 14 de junio de 1965 se le sometid a la JP
informacion adicional. E1 7 de marzo de 1965 se someti6 a la JP los planos
de mensura de las fincas concernidas y se solicitd permiso para adquisicién
de terreno. E1 11 de octubre de 1966 se le volvié a notificar a la JP que
la AFF seguia considerando seriamente los terrenos de Tortuguero para el es-
tablecimiento de una central nuecleoeléctrica. (Ver Anejo 21). Eran los

primeros pasos de un suefio que hasta ahora parece irrealizable.
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E1 21 de noviembre de 1966 se celebrd en Puerto Rico una audiencia
publica para la ubicacidn de un reactor nuclear de escala comercial para
generar energia eléctrica. La misma se celebrd en el Municipio de Manati.
Se describid el proyecto y se le dié énfasis al tépico de seguridad. No
hubo gran oposicién. E1 27 de febrero de 1967 se celebrd una segunda
audiencia pdblica. A la misma comparecié el primer grupo organizado que
se oponfa a dicha ubicacién, el cual presentd al sefior Adolph J. Ackerman,
de Madison, Wisconsin, como su consultor en asuntos nucleares. M4s ade-

lante se descubrid que este sefior era un lego en la materia. (Ver Anejo 22).

A raiz de esa audiencia pabiica, el Club Exchange de Manati emitio una
resolucién, fechada el 14 de marzo de 1967, resolviendo ofrecer el respaldo
dranime al establecimiento de la central nucleceléctrica bajo consideracidn.
(Ver Anejo 23). FEs esta la primera accidn concertada de un grupo a favor

de una central nucleoeléctrica de que tenemos conocimiento en Puerto Rico.

Dicha consulta (64-136C) fue recomendada favorab]eménte el 15 de mayo
de 1967 (Informe #67-C-160) por la Junta de Planificacién de Puerto Rico.
(Ver Anejo 24). La Autoridad adquirié por expropiacién forzosa cerca de
500 cuerdas de terrenos en drea de Tortuguero. Sin embargo, la ubicacidn
de dicha central no se viabiliz6. Entre las razones para descartar dicho
Tugar estuvo la posterior centralizacidn de industrias pesadas, consumidoras
de grandes blogues de energfa, a ser localizadas en 1a Costa Sur y la con-
veniencia de que la generacidn eléctrica se ubicara cerca de estos centros.
Simultdneamente grupos ambientales continuaron presionando para que el area
de la Laguna Tortuguero fuera convertida en santuario ecoldgico. Sin em-
bargo, es bueno sefialar que dicho lugar fue recomendado favorablemente por

el Advisory Committee for Reactor Safeguards (grupo de cientificos que le




o B[P

hacian recomendaciones a 1a Comisidn de Energfa Atomica), desde el punto

de vista geoldgico.

Ala Tuz de 1o anterior, y teniendo conocimiento de ese problema, 1a
AFF ya habia iniciado planes para ubicar un complejo generatriz en el irea
de Aguirre. A tales efectos comparecié a una audiencia pubiica en agosto
de 1966 en el Municipio de Salinas (3 meses antes de Ta que se celebrg en
Manati) que celebrd ta Junta de Planificacién (JP) para considerar la via-
bilidad en términos generales del establecimiento de una central nucieo-
eléctrica. Mds tarde la AFF radicé ]a solicitud #67-1225-P para que se le
autorizara adquirir tierra y servidumbre de paso para esos propdsitos.
Dicha solicitud fue aprobada por Ta JP el 24 de mayo de 1967, 9 dias des-
pués de haber recomendado favorablemente 1a ubicacién de una central nucleo-
eléctrica en Tortuguero. (Ver Anejo 25). Por las razones que sefralaremos
mas adelante, la central nucleceléctrica no se materializé tampoco en

Aguirre a pesar de que el proyecto estuvo muy adelantado.

Mientras tanto la Autoridad continué con sus investigaciones geolg-
gicas, hidrolégicas y ambientales alrededor de 1a Isla, con excepcion de
un area desde el este del Municipio de Dorado hasta e].sector Las Cabezas
en Fajardo, y un drea entre Aguirre y Ponce. Estas dos dreas fueron ex-
cluidas, la primera por ser una de alto interés turistico y alta densidad
poblacional, y la segunda por ya existir informacién.

En el 1973 Ta informacidn preliminar disponible apuntaba hacia 1la
Costa Norte entre Tortuguero ¥ Arecibo como la de mayor potencialidad.
{Ver Anejo 26). Entre los sectores estudiados se encontraban Punta Cerro
Gordo (Dorado), Rio Cibuco (Vega Baja), Punta Chivato (Manati), Tortuguero

(ManatT}, Islote (Arecibo), el 4rea de Quebradillas, Quebrada del Toro
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(Isabela), Cabo Mala Pascua (Patillas), Punta Verraco (Guanica), Morillos

(Cabo Rojo}, Rincén y Aquadilla.

Finalmente se recomendaron tres sectores: Tortuguerc (el que habia
sido aprobado en 1967), Islote y Punta Chivato. VYa en estos momentos
et factor principal era ecoldégico y geoidgico. Islote fue seleccionado
y fue recomendado por Ta Comisidn Reguladora Nuclear desde el punto de
vista ambiental (siendo de hecho el inico lugar asi aprobado en P.R.} en
1976. (Ver Anejo 27). Segin sefialaremos mis adelante, Islote probd ser
la aparente tumba del desarroilo de la energfa nuclear para generar elec-
tricidad comercialmente en Puerto Rico. De hecho, esta unidad (0 unidades)
nuclear experimentd una serie de posposiciones por diferentes razones,
hasta que se (ipospuso? indefinidamente, 1976, 1981 y 1985; entre las razones

podriamos mencionar problemas de financiamiento, aumento de costos y consi-

deraciones polfiticas.

Aguirre e Islote: {¢Fracasos o victimas?

Aguirre, un poblado rural del Municipio de Salinas, dentro del Distrito
de Guayama, (especificamente el Barrio Jobos) tuvo Ta primera oportunidad
seria de convertirse en uno de 10s primeros lugares en.Latinoamérica en
tener una central nucleceléctrica de una capacidad intermedia (500 MWe) de

tipo comercial para el 1976.

Pensando en grande, en el 1968 la Asamblea Legislatura de Puerto Rico
asign6 $200,000.00 para ser pareados por la CEA para llevar a cabo un
estudio conducente al establecimiento de un centro agro-industrial de
energfa {Agro-Industrial Nuclear Energy Compiex), que también se conocié

como NUPLEX (Nuclear Complex). (Ver Anejo 28). El1 mismo estaba formado
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por 22 estructuras principales y sus instaiaciones, plantas desalinizadoras
{para tratar de resolver parcialmente el problema de las sequfas en 1la
Regidn Sur), plantas para recobrar sal, refinerias, plantas quimicas saté-
lites, planta de aluminio, finca agricola experimental, aeropuerto para
aviones Tivianes y un drea para una futura expansidn industrial. Dicho
estudio no conté con los aumentos descomunales en el precio del petrdleo
que comenzaron en el afo 1969 e hicieron crisis en 1973. Habiéndose con-
cluido el estudio en 1969, estos acontecimientos invalidaron de facto el
mismo. Ademds, fue precisamente en el ano 1969 que se comenzé el movi-
niento ambientalista en los Estados Unidos y Puerto Rico, con la aprobacidn
del National Environmental Policy Act {NEPA). Como consecuencia de este
movimiento, la Bahia de Jobos (Aguirre), en donde se habia recomendado
establecer NUPLEX, fue posteriormente declarada un &rea ecologicamente

delicada. E1 tipo de reactor nuclear que se planeaba construir era el de

agua presurizada (PWR).

Por otro lado, el 26 de junio de 1968 un Comité Especial nombrado
por el Director Ejecutivo Interino de la AFF para llevar a cabo una eva-
Tuacién econémica sobe la decisidén entre unidades fosfiles o unidades
nucleares rinde un informe titulado Comité Especial sobre la Seleccidn
de Unidades Generatrices para el 1975 y 1976. Dicho Comité recomendd en
diciembre de 1968 al Director Ejecutivo Interino la construccidn de una

unidad fosil para operacién en 1976. (Ver Anejo 29).

En enero de 1969 en una reunién en La Fortaleza, mansién ejecutiva
de Puerto Rico, entre el recientemente electo gobernador ingeniero Luis

A. Ferré, el Director Ejecutivo de 1a Autoridad ingeniero F&lix Cordova
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Diaz, el Sr. James T. Ramey, Comisionado de Ta CEA, y el Dr. Modesto Iriarte,
de la Autoridad, y otros, el entonces gcbernador de Puerto Rico, ingeniero
Luis A. Ferré, did autorizacidn al Director Ejecutivo de la AFF para que
procediera a considerar seriamente la alternativa nuclear. Al sefior Gober-
nador ie preocupaba la total dependencia en el petrdleo, especialmente

ante 10 que se empezaba a percibir en el mercado de éste.

Este nuevo enfoque ante las alzas zceleradas en el costo del petrdleo,
que no se consideraron en los estudios anteriores, dio una gran ventaja a
la alternativa nuclear en los estudios de planificacién. E1 endoso decidido
del entonces Gobernador Ferré fue instrumental para considerar positiva-
mente la instalacidn de una central nucleoceléctrica que entraria en opera-
cion comercial para ensro de 1976. Ya para esta fecha la Autoridad habia
planificado Ta construccién de dos unidades fésiles, utilizando petréleo,
de 460 MWe cada una en Agquirre. Este lugar fue seleccionado debido a la
actividad industrial que se esperaba se desarrollaria en el drea, actividad
que luego se quedé muy corta. Posteriormente se afadieron dos unidades
de gas (1972) de 40 MWe y finalmente dos unidades de ciclo combinado de
250 MWe cada una. La Declaracién de Impacto Ambiental para el desarrolio

de Aguirre fue sometido a la Junta de Calidad Ambiental el 21 de abril de

1972.

Para abaratar los costos de construccidn de la futura central nucleo-
eléctrica la Autoridad decidié ubicarla en Aguirre donde existiria la infra-
estructura necesaria, tales como centro de transmisién, lineas eléctricas,
carreteras, almacenes y otros. Se confié en el juicio de los entonces

consultores de 1a AFF en materia geoldgica y sismica, quienes asumieron que




la falla geoldgica en Aguirre podfa probarse que era inactiva. Asi se

abandond el lugar del &rea de Tortuguero, ademds de por las razones ya

expresadas.

Esto luego resulté ser un gran error y quizds el punto que marcé deci-
didamente la final cancelacién del proyecto nuclear. De haberse seleccio-
nado el area de Tortuguero creemos que el proyecto se hubiera 1levado a

feliz término. Esta habia sido la intencién originada.

Ya el 19 de julio de 1972, la CEA comenzdé a poner reparos en la data
geoldgica presentada. Seglin ellos la misma no probaba que una falla geo-
10gica cerca del lugar de la ubicacidn de reactor estaba inactiva, y que
probar dicha inactividad era sumamente dificil. (Inactiva queria decir
que la falla no habfa sufrido ningiin desplazamiento durante los G1timos
35,000 anos y no mas de un desplazamiento en los Gltimos 500,000 anos).
Este problema tenfa una solucién ingenieril: disefios para terremotos de
magnitudes elevadas. Pero el costo envuelto era muy alto. Por tal razdn,
desde el 10 de enero de 1973 se comenzé a hablar sobre la necesidad de
mover las unidades nucleares a otros lugares. Para agosto de 1972 1a
Autoridad se vid forzada a paralizar indefinidamente la construccidn de
dicha unidad debido a este problema. Se volvid a sugerir la utilizacién
del lugar disponibie en Tortuguero, aln cuando habia que comenzar de nuevo
todo el proceso de aprobacidn del lugar. Este cambio trajo la posposicidn

de la unidad nuclear de 1976 a 1981.

Los estudios que se habian venido realizando indicaban una posible

faja de terreno apropiado para la ubicacidn de unidades nucleares entre

el este de Arecibo y el oeste de Tortuguero, a pesar de que mapas geolé-
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gicos indicaban la posibilidad de la existencia de una falla menor cono-

cida como Briggs Fault a 1o largo del Cafio Tiburones.

ET 25 de junio de 1973, la Autoridad decidié concentrar sus esfuerzos
y estudios geoldgicos en Tortuguero e Islote (Arecibo). Finalmente,
1os estudios geoldgicos, ambientales y econdémicos determinaron que el
Tugar mds apropiado desde el punto geosismico era cualquier punto en la
Costa Norte localizado entre Arecibo y Dorado. Se seleccioné el area de
Islote del Municipio de Arecibo como la mis apropiada, incluyendo el as-
pecto ambiental y social. Este Jugar satisfacia los criterios de se-
Teccidn de Tugares (site selection) tanto de la nueva Comisién Regula-
dora Nuclear (CRN), como de la vieja Comisién de Energfa Atémica. Los
hallazgos de este estudio fueron discutidos con el personal del CEA.
Posteriormente la Autoridad radicé ante 1a nueva CRN el Informe Preli-
minar de Analisis de Seguridad y el Informe Ambiental el 26 de septiembre
de 1974; Tos mismos fueron aceptados oficialmente por la CRN el 27 de
enero de 1975. Estos documentos son los que conducen esencialmente al

permiso de construccidén.

Como consecuencia del embargo petrolero del 1973, las realidades
econdmicas y financieras por las que atravesaba la Autoridad Yy la crisis
recesionaria que afectaba a Puerto Rico en el 1975, en adicidn a la
reduccidn en la demanda de energia (de 16.2% en el afio fiscal 1972-1973
a-1.7% en el afo fiscal 1974-1975), y los estimados de proyecciones de
demanda eléctrica, hicieron posponer la posible construccién de la unidad

nuciear en Ta Isla del 1981 al 1985.

Por tal razdén, el 10 de agosto de 1978 se decidid no continuar con
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aquella parte del proceso de licenciamiento gue envolvia las vistas pi-
blicas sobre asuntos ambientales y la comparecencia ante el Advisory
Committee for Reactor Safeguards en relacidn al Informe de Eva]uacién

de Seguridad. S$7 se decidid continuar con los esfuerzos para que la CRN
aprobara finalmente a Islote como un Tugar apropiado para unidades nu-

cleares de cierto tipo y capacidad en todos sus aspectos.

Ya en septiembre de 1975 1a CRN le habia dado el visto buenc a las
medidas de seguridad de la propuesta central nucleoeléctrica. Mis ade-
lante, el 11 de septiembre de 1976, la CRN determiné en el Borrador de
Declaracion de Impacto Ambiental que el propuesto Barrio Islote era apro-
piado para el establecimiento de una central de energia nuclear, desde

este punto. (Ver Anejo 30).

Por otro lado, a principios del afio 1976, y debido a las posposicién
de 1976 a 1985, la Autoridad decidié vender todo el equipo de la central

nucleoeléctrica. HNo se pudo vender y estd almacenado en Aquirre.

Eventualmente la construccidn de la central fue pospuesta indefi-

nidamente, el equipo almacenado en Aguirre y obsoleto, y los lideres
politicos de todos los partidos en contra de la construccidn de dicha
central en el futuro previsible. (Ver Anejo 31). La unica excepcién
siempre 1o ha sido el ex-Gobernador Luis A. Ferré, quien es ingeniero
mecdnico, y anteriormente el ex-Gobernador Luis Mufoz Marin (qg.e.p.d.},
quie dié instrucciones al Sr. Sol Luis Descartes, ex-Director Ejecutivo
de la AFF, para iniciar el programa nuclear en la AFF (hoy Autoridad de
Energia Eléctrica). ET1 ex-Gobernador Roberto Sdnchez Vilella, quien tam-

bién es ingeniero civil no se ha manifestado ultimamente. Pero tanto bajo
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su presidencia en la Junta de Gobierno de 1a AFF como en su término en la
Gobernacion (1964-1968) el programa nuclear de la Autoridad se desarrolls.
Tanto el Gobernador Carlos Romero Barceld, como el ex-Gobernador Rafael]
Hernandez Colén y los 1ideres independentistas Rubén Berrios y Jduan Mari
Bras, que son abogados, se han manifestado en contra de la energia nuclear.
Todo, a pesar que los asesores cientificos e ingenieros de las dltimas

dos administraciones 1972-1980 han respaldado la energia nuclear. Todo

el proceso de licenciamiento fue detenido en 1979,

Es bueno sefalar que la organizacidn privada Misién Industrial, Inc.
1levd el peso principal de la oposicién nuclear, tanto en el Proyecto de
Aguirre como el de Islote. Su intervencidn fue efectiva y su voz fue
escuchada con detenimiento y sus argumentos considerados con mucho

cuidado.

Por otro lado, tanto el Colegio de Ingenieros y Agrimensores y el
Colegio de Quimicos de Puerto Rico han respaldado consistentemente la

opcidén nuclear. Lo mismo hizo el National Academy of Sciences en su

informe Energy in Puerto Rico's Future, publicado en forma final en 1980;
ain cuando considera que por razones de capacidad del sistema eléctrico

y la demanda pronosticada, una central nucleoeléctrica no es viable, por
To menos durante los préximos 20 afios, a menos que se desarrolle una
unidad nuclear pequefia que sea econdmicamente viable. Similar posicion
han tomado la mayor parte de los ex-directores ejecutivos de la Autoridad

de Energia Eléctrica.

Esta posicidn contrasta con el hecho innegable que la Autoridad

tiene en operacidn dos unidades de 460 MWe cada una y dos unidades de
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425 MWe cada una, para las cuales se tienen que proveer las correspon-
dientes medidas de reserva y estabilidad dinamica, a menos que la Auto-

ridad decida descartarlas en el futuro 1o cual resulta il6gico.

Centro de Estudios Energéticos y Ambientales de Puerto Rico

Como sefialamos al comienzo de este escrito, el Centro de Estudios
Energéticos y Ambientales de Puerto Rico (CEEA) es el sucesor del Centro
Nuclear de Puerto Rico. Inicid operaciones al lro. de Julio de 1976 y
surge con el cambio de prioridades ocurrido con la Ley 93-438 que cred
1a Administracion de Estudios y Desarrollos Energéticos (ERDA) en el 1975.
Se reorientan los programas para hacerle frente a la crisis energética,
especialmente en relacidn con el impacto ambiental resultante de tecno-
logias energéticas y usos energéticos. Ademis, se reorientan las inves-
tigaciones hacia el uso directo de la energia solar e indirectamente por

medio de la conversacién oceano-termal.

E1 CEEA se dirige principalmente a las ciencias ambientales; medi-
cina, conservacidn de energia; ciencia o ingenieria solar, incluyendo
conversidn oceano-termal; y desarrollo e investigacién_de materiales.
También estudia otras fuentes de energia; biomasa y bioconversidn. La

energia nuclear ha sido totalmente relegada.

En el "Integrated Program Plan for UPR/CEER FY 1977-82" que fue
preparado en abril de 1977 y corregido posteriormente (CEER-A-63) en el
1980, nos dice que dicho Centro estd comprendido de cinco divisiones
principales: a) Solar; b) OTEC; c) Ecologfa Marina; d) Ecologia Terres-
tre; y e) Biomasa. FE1 presupuesto sugerido para ese programa de cinco

anos elimina totalmente en 1979 los Programa de Medicina Nuclear e
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Ingenieria Nuclear. (Ver Anejo 173).

Por otro lade, en el propuesto Plan de Cinco Afos (1982-1986), el
Centro incluyd un programa nuclear, pero sélo le asigna el 0.6% del pre-
supuesta total para esos cinco afios; y el mismo va mayormente dirigido
a Ta fusidn nuclear (92%). (Ver Anejo 13). Solo el 6% del presupuesto
se asigna a educacidn y adiestramiento. Con este cuadro la energia
nuclear parece destinada a desaparecer del panorama puertorriquefio, espe-
cialmente en el campo de la enérgfa eléctrica. Parece extrano que siendo
la energia nuclear una fuente de energia disponible se haya relegado al

plano gque se encuentra hoy dia.

En los informes anuales del CEEA {1979-1980) nada encontramos sobre
energia nuclear. Sin embargo, el Informe Anual de 1980 (p. 29) hace
mencion de un estudio realizado sobre las necesidades energéticas de
Puerto Rico hasta el afio 2020 y el costo de las diferentes alternativas,
el cual podemos apreciar concluye graficamente que la alternativa nuclear
es la mds econdmica. (Ver Anejo 34). Pero el informe solo destaca el
hecho que la biomasa constituye una solucién a corto plazo y OTEC para
la proxima década, a pesar de que este 1timo se equipara con la nuclear

en el afoc 2020.

Por otro lado, el Centro continfia su proliferacién de publicaciones
cientificas (ninguna nuclear) con 34 en 1979 y 53 en 1981. Pero algo
sT tenemos claro, que el Centro tiene la capacidad cientifica para en-

volverse mds en el campo nuclear,

Status Actual de la Energia Nuclear

Aunque parezca paraddjico, desde el embargo petrolero del 1973 la
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energfa nuclear para generar electricidad comenzd a decaer tanto en los
Estados Unidos como en Puerto Rico. Lo contrafio ocurrid en Europa y
Japén, y en algunos paises latinoamericanos. La legislacién ambiental,
la inflacion y recesidn causada por el problema petrolero y la dismi-
nucion en el consumo de electricidad fueron factores para esta declina-

cién en el interés en centrales nucleoeléctricas.

Actualmente hay cuatro (4) veces mas unidades nucleares planifi-
cadas o bajo construccién fuera de los E.U. que en este pafs (Business
Week: agosto 31, 1981; p. 102). (Ver Anejo 33). Por otro Tado, en los
Estados Unidos se han cancelado 50 centrales nucleoeléctricas desde el
1975, 16 en 1980 (Business Week, supra). Este hecho, junto al hecho
de que las exportaciones de la industria nuclear han disminuido de 83

(1958-1975) a 27 (1975-1981), tienen al borde de la muerte a esta industria.

El Gobierno Federal cambié su enfoque en el programa energético al
transformar la CEA en Ta Administracién de Estudios e Investigaciones
Energéticos en el 1975. Mas adelante, el Presidente de los Estados Unidos,
Jimmy Carter, se declard en contra del establecimiento de nuevas unidades
nucleares. Pero aparentemente el Presidente Ronald Reagan, de los Estados

Unidos, tiene intenciones de revivir al programa nuclear.

Como sefialdaramos anteriormente, en Puerto Rico la energia nuclear y
Su uso para generar electricidad parece estar muerta. Durante los {1timos
afios, la AEE (antes AFF) ha venido realizando estudios y gestiones para
construir para el 1990 una unidad de 400 MWe que queme carbén. La unidad
nuclear ni tan siguiera fue considerada. E1 pasado 2 de septiembre de

1981, el Gobernador de Puerto Rico, Carlos Romerc Barceld, anuncidé que
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se habia descartado la construccién de dicha pianta de carbén, aunque se
planea convertir unidades que queman petréleo para que quemen carbon.

Dicho proyecto recibié el endoso del Director de la Oficina de Energia y
del presidente del Colegio de Ingenieros y Agrimensores, rechazando ambos
la alternativa nuclear. (Ver Anejo 34). Sin embargo, es bueno recordar
que el CIAPR en el 1975 di6 un endoso, por Resolucidn de su Asamblea

General, a la energia nuclear como resultado de un estudio realizado por

ingenieros pertenecientes a dicho Colegio. (Ver Anejo 35).

Por otro lado, desde el 1976 los lideres de los principales partidos
politicos del pais, han rechazado consistentemente 1a utilizacidn de la
energia nuclear como fuente de energia eléctrica. (Ver Anejo 31). Tan
reciente como el 9 de junio de 1981, el pasado Gobernador descartd la
energia nuclear “por considerar que no existen adecuadas garantias ambien-
tales". (Ver Anejo 36). Todo esto, a pesar que Ta CRN dijo To contrario
en 1976. (Ver Anejo 30). Anteriormente, en el 1978, el actual gobernador
habia expresado su rechazo "por el problema de disposicién (de residuos
radioactives)". (Ver Anejo 31). Todo esto a pesar que en Puerto Rico no
s€ va a disponer de esos residuos. En el 1977 habfa manifestado gque no se
debia descartar totalmente y que se oponta "ya que los vientos de mar a
tierra podrian contaminar el campo en caso de producirse un escape". (Ver

Anejo 31).

Por otro lado, otro ex-gobernador (y el dnico ingeniero entre los
gobernadores que han opinado) se ha manifestado consistentemente a favor
de la energfa nuclear, al igual que la comunidad cientifica en general.

(Ver Anejo 31).
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Segin la informacidn ofrecida por el Director Ejecutivo de la AEE y
el Gobernador al descartar Ja planta de carbén,rlas proyecciones de demanda
de energia indican que la Capacidad actual de la AEE es suficiente para
satisfacer la demanda hasta el 1995. FEste hecho y la oposicidn en el
liderato politico del pafs hace remotamente posible el establecimiento de
una unidad nuclear en Puerto Rico durante el resto del presente siglo. No
se ha considerado 1a posibilidad de sustituir las unidades convencionales
que ya han pasado ¢ pasardn su vida Gti] por unidades nucleares para econo-
mizar a largo plazo 1os gastos de combustible. Sin embargo, s se piensa

hacer con unidades de carbén.

Esperamos que el simposio sobre energia nuclear que se celebrara

en Puerto Rico durante el mes de noviembre de 1981 traiga mayor luz sobre

este asunto,

Politica o Tecnologia

A To largo de este escrito nos hemos podido percatar que 1a proble-
mitica de la energfa nuclear en Puerto Rico nos presenta estas dos ver-
tientes: politica y tecnologia. Los aspectos técnicos tienen soluciones
técnicas. Ya en dos ocasiones la Comisidn de Energia Atémica y Ta Comisidn
Requladora Nuciear han aprobado preliminarmente, desde el punto de vista
ambiental, tres lugares en Puerto Rico (Tortuguero, Aguirre e Islote).

E1 problema sfsmico es uno de disefio y econémico. Por ejemplo, en Cali-
fornia, un drea de alta intensidad sfsmica, se han establecido centrales
nucleoeléctricas. La dltima tan reciente como septiembre de 1981, la

Central Nuclear Cafion del Diable, en San Luis Obispo. De hecho, durante

un fuerte movimiento tellrico en afos recientes, fue una central nucleo-
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eléctrica la dnica que se mantuvo operando en un sector de California.
Candn del Diablo es la séptima central nucleoeléctrica que inicia opera-

ciones desde el incidente de Three Miles Island.

El problema de 1a disposicién de desperdicios radiocactivos no debe
constituir preocupacidn para Puerto Rico. Estos desperdicios se almacenan
en lugares escogidos en los Estados Unidos. Ademds, se sigue estudiando
e investigando nuevos métodos de disposicidn. Por otro lado, en octubre
de 1977 el Presidente Carter, de los E.U., anuncid que el Gobierno Federal
almacenarfa Tos combustibles usados de centrales nucleoeléctricas comer-
ciales por una tasa de almacenaje sencilla, para liberar la presion gue

tienen las Centrales por carecer de espacio suficiente mientras continda
p p

ta investigacién.

E1 aspecto de seguridad y ambiental ha sido solucionado en mis de

una ocasidén. En cuanto a esto, el incidente de Three Miles Island trajo

muchos puntos positivos.

Sin embargo, los politicos siguen trayendo argumentos que va la
tecnologia ha resuelto o que ni tan siguiera atafien a Puerto Rico, o que

ya fueron evaluados por las agencias concernidas.

Por G1timo, es bueno sefalar que existe un aspecto sumamente impor-
tante en el caso de Puerto Rico: el econémico. Una decisién nuclear en
nuestra Isla mds que tomar en consideracidn asuntos técnicos o politicos,
tiene que tomar en consideracidn el impacto econémico. Este resume toda
nuestra problemidtica. Si consideramos que los atrasos de los proyectos

de Aguirre e Islote hicieron que los mismos 1legaran a niveles de costo




prohibitivos y que 1a posposicion de los mismos le ha costado al pueblo
de Puerto Rico cerca de $100 millones anuales, tenemos que conluir forzo-

samente que el aspecto econdmico tiene syma importancia en nuestra Isla.

¢Nos preguntamos si la solucién a toda esta problematica politico-
econdmico-tecnoldgica seria consultar a nuestro pueblo directamente, des-
pués de una orientacidn de los pro ¥y los contras? Muchos estados de los
Estados Unidos y pafses europeos han recurrido a este mecanismo para

auscultar el verdadero sentir de Tos realmente afectados: los consumidores.
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Power Plants

Operable, Under Construction, or on Order (30 MWe and Over) as of June 30, 1981

Argentina

Comision Nacionai de Energia Alomica

e Alucha 1{Lima. Buenos Aires)
Atucha 2 (Lima Buenos Aires)
gmbaise {Embalse, Rio Tercero)

Austria
Gemeinschaftskemkralwerk Tulinerfeld {GKT)
Tulinerleld * {(Zwentendorf)

® Linits in commercial operation

* Completed but not approved for operation

Net

MWe  Type
33%  PHWA
692 PHWR
600 PHWR
692 BWR

Con-  Commercial
struc-  Operation
tion  orig. actual

Reaclor Generator Architect stage sched- or ex-

__ Supplier _Supplier Engineer Constr_t_l_cl_ll%i]m_ ule® pected

Siemens KWl Siemens  Siemens/lmp. 100 5§72 674

KWU KwU CNEA’KWU  CNEAKWLU 3 indet

AECL ltaiimpianti AECL/ lalimpianti/AECL 85  12/79 early 83
Halimpianti

KWU/AEG KWU/Elin Kwu 50 100 8/76 indef.«

CONTINUED

t Estimated date of startup, announced at time reactor was ordered

the list.

Twice each year Nuclear News sends a questionnaire to each utility or agency on this list, asking for
corrections or additions to the information listed. In cases where a response 1s not received, we do
follow up by phone. though such follow-up is not always possible for plants outside the United States.
The criterion for listing a unit is that either an order or a letter of intent has been signed for the
reactor. In cases where the definition of * letter of intent” may be ambiguous, or where a special
situation may exist, the judgment o! the utility 1s foliowed as to whether a plant should be included in
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Belgium
Indivisian Doel
» Doei 1 (Aniwern)

-

® Doel 7 {Antwerp)
Societe Belgo-Francaise d'Energie

Nucleaire Mosane {SEMO)
® Tihange 1 (Huy. Liege}

Socielé Intercommunale Belge de Gaz
et d'Electricité (INTERCOM)
Tinange 2 (Huy. Liege)

Tikangs 3 (Huy Likge)

Societes Reynies ¢ Energie du Bassin
de I'Escaut (EBES)
(inal 3 (Antwerp}

Joel 4 {Antwerp)

Brazil

Furnas
Anara 1 tltaorna)
Angra 2 (liaorna)
Angrg 3thegrngd

Bulgaria

e k2iosuy 1 {Rozioduy)

e ~zringuy 2 (Kezioduy)

e koziocuy 3 (Kozioduy)
worioguy 4 (Kozioduy)

Canada

New Brunswick Eiectric Power Commission

Peint Lepreaw (Bay of Fundy, N.B.)
Ontario Hydro
+ [Douglas Point {Tiverton, Ont.)
Pickering 1 {Pickering, Ont.)
Pickening 2 (Pickering, Ont.)
Pickenng 3 (Pickering, Ont.)
Pickering 4 (Pickering, Ont.)
Bruce 1 (Tiverton, Ont.)
Bruce 2 (Tiverton, Ont.)
Bruce 3 (Twerton, Ont.)
Bruce 4 (Tiverton, Ont )
Pickenng 5 (Pickenng, Ont.)
Pigkening 6 {Pickering. Ont.)
Pickenng 7 {P:ckenng, Oat.}
Pickening 8 {Pickering. Ont.)
Bruce S {Twverton. QOat))
Bruce 6 (Trverton, Ont )
Bruce 7 ‘Tiverton, Ont}
Bruce & (Taverton. Ont)
Daninglon 1 (Newcastle Twp..
Daninzion 2 (Newcastie Twp
framngion 3 (Newcastle Twp
Tatngion 4 (Newcastle Twp

Ont)
Ont )
DOnt }
. Ont i

® Nt b CommEeniat operation

Con- Commercial
struc-  Operation
tion  orig. actual
Net Reactor Generator Architect stage sched- or ex-
MWe  Type Supplier Supplier Enginger Constructer (%)  uiet pected
390 PWR ACECOWEN © COPITOSH TE 100 6/73 27%
ACEC
380 PWR  ACECOWEN COP/TOSI TE 100 375 1175
ACEC
B0 PWR ACLF Alsthom/Rateau/ EdF/ CFE-Blaton/ADF 100 1274 975
La Meuse Electrobel  SPIE-SNTP/C-B
ACEC-J8
900 PWR  FRAMACECO  Alsthom/Rateau/ Electrobel CTAFMC a0 4/80 9/82
La Meuse/ACEC
1000 PWR ACECOWEN Brown Baveri! Electrobe! CTATMC 30 4/82  9/84
Alsthom/ACEC
900 PWR  FRAMACECOD Alsthom/ TE TE 90 2/80 mid 82
Atlantique/ACEC
1000 PWR ACECOWEN Afsthom/ TE TE 40 1282 mid 84
Attantique/ACEC
626 PWR w w G&H/PE w 97 377 12181
1245 PWR KWuU KWl Nuclen KWU 1 12/82 687
1245  PWR KWU KWu Nuclen Kwu 1 6/84 12/88
440 PWR AEE 100 1274
440 PWR AEE 100 1275
440 PWR AEE 100 78 12/B0
440 PWR AEE 80 79 /82
630 PHWR AECL H-P AECL/CTLrAility Utilsty 96 1079 early 82
206  PHWR AECL AE| OR/AECL OH 100 765 968
515 PHWR AECL H-P OH/AECL OH 00 1170 M
515  PHWR AECL H-P OH/AECL OH 100 1071 12
515  PHWR AECL H-P OH/AECL OH 100 1072 672
515 PHWR AECL H-P OH/AECL OH 100 1073 673
740 PHWR AECL H-P OH/AECL OH 100 677 977
740 PHWR AECL H-P QOH/AECL 04 100 976 977
740 PHWR AECL H-P - QHFAECL OH 100 678 278
740  PHWR AECL H-P OH/AECL OH 160 679 179
516 PHWR AECL H-P OH/AECL OH 85 480 483
516 PHWR AECL H-P QHZAECL OH 75 1'81 10 83
516  PHWR AECL H-P OH/AECL 8]} 65 10'BY 384
516 PHWR AECL H-P OH/AECL OH 55 7182 484
736 PHWR AECL CGE OHZAECL OH 50 7/83 T84
756  PHWR AECL CGE OH/AECL OH 65 1082 1083
756  PHWR AECL CGE OH/AECL OH 35 484 48b
756 PHWR AECL CGE OM/AECL OH 25 1’85 187
BE1  PHWR ALCL 8BC OH/AECL OH 0 886 289
881 PHWR AECL BBC OH/AECL OH 0 1By 558
881 PHWR AECL BBC OQH/AECL OH 0 587 1189
881 PHWR AECL BBC OH/AECL OH 0 288 EO90

* Estmateq date of startup, announced at time reactor was ordered




CANADA coni'd

Hydro Quebec

# Gentitly 1 (Becancour Que )
Genuly 2 (Becancour, Que )

Czechoslovakia

® Bonyrice 1A {Jaslovskéd Bohunice)

* Buhunice 24 (Jestavske Bohunice)

& Gonirce 26 {Jastovské Behunice)
Baohumee 3 (Jasiovsks Bohunice)
Soniaice & iJastovske Bohunice)
Juko.z7y 1 (Dukevany)
Jukovary 2 {Dukovany)
Ouravany 3 {Dukovany)
Juetvany 4 (Dukovany)

Leviene 1
iLevieze 2
Egyp!

Egyplian Electricity Authority
51 Krer-1 {Sidr Kner)

Finland
imarran Voima Qsakeyhlio (VD)
® vz Y otlovasar

® _noess: ol ovngy;

lsueoen Voima Osakeyhtio (TVO)
B (NPT TeT)
0D Dkiunio)

France
Centrale Nucleaire Europeene a
Neutrons Rapides S A. (Nersa)

Creys-Malville ({sere)

Elecincile de France (EdF)

* Marcoule G2 (Gard)

& Marcoule G3 (Gard)

s Chinon 2 {indre-et-Laire)

o Chingn 3 {indre-et-Loire)

e Monts d'Arree {Finistere)

* Saint-Laurent-des-Fapx 1 {Loir-et-Cher)

® Sanit-Laurent-des-Eaux 2 (Loir-et-Cher)

w Bugey 1 (Aim)

e Phenix {Gard)

Fessenheim ¥ (Haut-Rhin)
Fessenheim 2 [Haut-Rhin)
Bugey 2 (Ain)

Bugey 3 {Amn)

Bugey 4 {Ain}

Bugey 5 tAIn)

Campterre 1 (Louret)

Dampierre 2 (Lore!)

Qamperre 3 {Lowetl

Dampierre 4 {Louret)

o Goovernes BY (Dunkerque)
Graveines 82 «Dunrerque;
e Grave nss 83 (Dunkemue)

Graveunes B4 1 Dunserque;

MG EAD AMOWE / AN BT amna

Con- Commerciat
struc-  Operation
tion  orig. actual
Net Reactor Generator Architect siage sched- or ex-
MWe  Type Supplier §ippﬂer Engineer Construcior %)  ulet pected
250 BLWR AECL BBC AECL/SNC/MECO HQ 100 71 572
638 PHWR AECL GE AECL/CTL/HQ HO 90 1173 1182
110  GCHWR 100 1272
440  PWR ALE 100 12/78
440 PWR AEE 100 79 3/80
440 PWR AEE /82
440 PWR AEE /83
440 PWR AEE 182 /83
440 PWR AEE 83 /84
440 PWR AEE /83 /84
440  PWR AEE /84 /B
440  PWR AEE 187
440 PWR - AfEE 188
622 PWR w w Gitbert Jones G /83 /88
420 PWR AEE AEE V0 0 100 676 577
420 PWR AEE AEE V0 w0 38 478 1280
660 BWR ASEA-Atom Stal-Laval ASEA-Atom  ASEA-Atom 100 B76 79
660 BWR ASEA-Atom Stal-Laval ASEA-Atom Jukola 100 880 /81
1200 LMFBR Novatome/NIRA Ansaldo Nersa Fou'CdA/PH 50 2/83 12/83
40 GCR SACM Rateau Alstharn SACM - CITRA 100 4/59
40 GCR SACM Rateau-Alsthom SACM CITRA 100 5/60
210 GCR various Atsthom EdF/CEA GTM 100 2/65
400 GCR various Alsthom EdF/CEA GTM 100 B/67
70 GCHWR CEA CEM Indalom C-B 100 7167
460 GCR various Alsthom EdF GTM 100 3/69
515 GCR various Alsthom EdF GTM 100 8/
540 GCR vanous Rateau/JS EdF Dumez 100 4/12
233 LMFBR CEA/EdF/ CEM CEA/Novatome/ SGE 100 12/73
Novatome EdF
890 PwR Fra/CL Alsthom EdF C-B 100 10:75 12077
890 PWR Fra/CL Alsthom Egf C-8 100 776 378
920 PWR Fra/CL Alsthom Edf Bouygues 100 12776 2/79
920 PWR Fra’CL Alsthom EdF Bouypues 100 877 2778
900 PWR Fra/CL Alsthom EdF Bouygues 100 5/78 1719
900 PWR Fra/CL Alsthom EgF Bouygues 100 /78 12779
900 PWR fra’/CL Alsthom 3]3 CM SeB’ 100 7779 10/80
Ballpt
900 PWR Fra’'CL Alsthom EdF CM SeB 100 1780 2/81
Baliot
900 PWR Fra:CL Aisthom ]2 CM SeB’ 100 7/80 681
Balot
%0 PWR Fra/CL Alsthom EdF CM Se8 100 481 1148
Baliot
920 PWR Fra’CL Alsthem EdF SGE 100 479 1080
920 PWR Fra'CL Aisthom EdF SGE 100 079 1280
920 P&R fra'ClL Alsthom Edf 5GE 100 580 58
820 PWR Fra'Ce Alsthom EdF SGE 100 281 10:81
CONTINUED




Worid List of Nuclear
Power Plants, cont d

ERANGE. cont'd
Electricile de France, cont'd
Geavehnes €5 (Dunkerque)
Gravelines C6 (Durverque)
» Tricastin 1 (Drome)
e Tnzastin 2 (Dromed
e Trsastin 3 (Drome
Tneasan & {Dromes
“wnl-Laurent-des-Faux B1 (Loir-et-Cher)
Laurent-des-Eaux B2 (Loir-et-Cher)
: 1 (Girpnde)
2 (Girnde}
3 (Gurenga
4
]

{Grronde)

n B1 (Indre-el-Loire)
n 32 (Ingre- et Loire)

"'l B3 (Indre-st-Loire)

e B4 (!ndre-er-Loire}

giver ' fSeine-Maritime)

Faice! 2 (Seine-Marihme)
Paicel 3 (Semne-Mantime)
Paleet 4 (Seine-Manume)

2 T [Ardeche)
2 (Argeche)
thrtechel
lA(ut\h?:‘

rice Saini-Alban 1 {lsere)
i Vaurm Samnt-Alhan 2 (iseren
manyitle T (Manche)

e 2 {Cher
e 5'5e1ne 1 idube)
Noosem g See P ‘hube)
Societe ¢ Energie Nutlearie Franco-Belge
ces Ardennes (SENA)
» 5085 Chooy

Germany (Democratic Republic)

hoes 1+ 1

. {Lubmin. Greitswald region)
e Nnro 1 -

®

%

2 {Lubmin, Greifswald region)
N 2 - 1

Mg P

Hagdeduig

Magoehurg ¢

Germany (Federal Republic)
Bayernwerk AG
Gra'enrheinteld KKG (Gralenrheinfeid)
Gemeinschattkernkrattwerk Neckar (GKN)
o Cen 1 {Neckarwestheim)
UEN 7 INecharwestheim)
Kernkrafiwerk Kruemmel GmbH (KKK)
Kreamme' KKK (Geesthacht-Kruemmel
Eiuey

NOTE Tn:

apoiower Ui iere o' the pants
NEW & gues >*nare ECF o2 nct

£ O0W 17

AR

Rheinsherg 1 (Rhemnsberg, Granesee region)

oouct

Con- Commercial
struc-  Operation
tion  orig. actual
Net Reactor Generator Architett stage sched- or ex-
MWe  Type Supplier Supplier Engineer Construclor (%)  wle* pected
920 PWR Fra/CL Aisthom EdF 5GE I 1284 12/84
920 PWR Fra/CL Aisthom tdf SGE 17 8785 B/8S
920  PWR Fra/CL Alsthom EdF C-B-C 100 2179 12/80
920 PWR Fra/CL Aisthom EdF C-B-C 100 8/79 12/80
4920 PWR Fra/CL Alsthom EdF C-8-C 100 80 581
920 PWR Fra/CL Alsthom EdF ¢-8-C 100 9/80 10/81
880 PWR Fra/CL CEM EdF GTM 100 1/81  6/81
880 PWR Fra/CL CEM Edf GTM 100 6/81 11/81
920 PWR Fra/CL Alsthom EdF SB/Dumez 100 2/81 10/31
920 PWR Fra’CL Alsthom EdF SB/Dumez B3 9/81 B/82
920 PWR Fra/CL Atsthom Eaf 5B Cumez 70 9/82 283
920 PWR Fra/CL Alsthom EgF SB/Dumez 50 2/83 783
875 PWR FrasGL CEM Edf GTM 85 2/82 6/82
875 FPWR Fra/CL CEM EdF GTM 70 6/82 12/82
875  PWR Fra/CL CEM EdF GTM 5 5/86 5/B6
875 PWR Fra’CL CEM EdF GTM™ 5 1/87 1/87
1285 PWHR Fra/CL Alsthom 413 CMBallot/ 50 2/B3  B/B3
Chag
1285 PWR Fra/CL Alsthom £dF CM/Baliot/ 40 5/83 2/84
Chag
1285 PWR Fra/CL Alsthom EdF CM/Balloy 30 6:84 10°84
Chag
1285 PWR Fra’CL Alsthom EdF CM/Balloy 15 9/85 985
Chag
880 PWR Fra/CL CEM EdF C-B-C B0 7/83 783
880 FWR Fra/GL CEM EdF C-B-C 50  12/83 11/83
880 PWR Fra/CL CEM EgF C-B-C 40 6/84 584
880 PWR Fra/CL CEM EdF C-B8-C 30 1284 1184
1285 PWR Fra'CL Alsthom £dF Bouygues a0 1184 1184
1285 PWR Fra'CL Aisthom EdF Bouygues 15 785 1085
1285 PWR Fra'CL Alsthom EaF SGE/SCREG 20 285 185
128 PWE Fra'CL Alsthom EdF SGE/SCREG 10 1285 1285
1270 PWR fFra.CL Alsthom Edf 5B Dumnez 17 785 B85
1270 PWR Fra/GL Alsthom EdF S8'Dumez 5 386 586
1270 PWHR Fra:CL Aisthom Eaf GTM 5 10:80 1086
1270 PWR Fra;CL Alsthom Egf GTM 0 B:-B7 8487
1270 PWR Fra'CL Alsthom EdF Dumez 0 587 587
1270 PWR Fra/CL Alsthom EdF Dumez 0 388 388
30 PWR ACECOWEN/Fra Rateau/C-L G&H'SPIE SGE/CITRA 100 467
70 PWR AEE 100 /60 566
440 PWR AEE 100 1274 1273
440 PWR AEE 100 15 275
440  PWHR AEE 100 77 878
440 PWR AEE 100 8
440 PWR AEE 1 {80
440 PWHR AEE 1 180
1225 PWR KWy KWU KwU KWu 98 11778 1281
B)A:  PWR KWU KWU KWU KWy 100 2776 1676
805 PWH KWU KWy KWU KWL 0 81 66
1260  BWR AEG KWL KWL Hoch’ 85 977 4E3
Hammers/
Ketkamp?
Holzmann
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Con-  Commercia)
strug-  Dperation
tion  orig. actual
Net Reactor Generator Architeci stage sched- or ex-
MWe  Type Supptier Supplier Engineer Canstructor  85)  ule* pected
FRG. conld o T T T ’
Kemkraftwerk Lippe-Emsland GmbH
Zrnsiand (Lingen) 1222 PWR KW KW Kwu KWY 0 — late 805 —
Hochtemperatur-Kernkraftwerk GmbH (HKG)
THTA 300 (Hamm-Uentrop} 296 HTR HAR 83C BBC/HRB KTHTR 70 Y77 /84
Kemicrschungszentrum Karlsruhe
& Karisruhe MZFR (Karlsrihe) 52 PHWR Siemens Siemens Siemens Hochtief 100 10/62
Kernkrafiwerk Brokdor! GmbH
Bresdort (Brokdod 1290  PWR KWU KwU KWl KWL i 9777 /BB
Kemkraitwerk Brunsbuettel GmbH (KKB}
» Brunsbuettzl {Brunshuettel 'Elbe) 771 BWR AEG kWU KWl KWl 100 474 277
Kemnkrafiwerk Hamm GmbH (KKH}
Hanm {Hamm-Uentrop) 1300 PWR Kwi KWL KwU KWl 0 /81 late 80s
Kernkratwerk Isar (NKI) i
e sz KK (Jhu) 870 BWR KWL Kwu KWU KWl W00 17 379
lgar ! 1227 PWR KWU KWU KWl Kwl 0 1/88
kenkrattwerk Obrigheim GmbH {(KWO)
e Chnghemn KWO (Obrigherm) 328 PWR Siemens Siemens Siemens Siemens 100 /69 Y69
®ernkeaftwern Philippsburg (KKP)
¢ k¥E 1 (Philippsburg) BS54 8WR KWU KWU Kwu KWU 100 74 2/80
g¥= T (Phinpsburgy 1281 PWR KwU Kwu KWL KU 45 77 385
Kernkrahwerk RWE-Bayemwerk GmbH (KRB)
k=g Block B (Gundremmingen) 1249 BWR Kwu KW KWU/Hoch KWLU/Hoch 75 6/79 4/84
KE= i Black © {GQundremmingen) 1249 BWR KWl KWU KWl/Hoch KWU/Hoch 55 /B0 12/84
Kermbkrahiwerk Stade GmbH (KKS)
® Signe WKS (Siade) 630 PWR Siemens Siemens Siemens Siemens 100 4772 572
KernkzHwerk Sud GmbH (KWS)
Yo Wyl Rheind 1284 PWR Kwu KWU KWL Kwu 0 /79 indef.
Prepgsiche Elekirizitats AG (PREAG)
e KW A LW oernassen: 540 BWR AEG AEG/KWU AEG/KWL Hochtie! 100 2072 372
¥emkiatwerk Unterwesser GmbH (KKU)
® FX iTzecgramd 1230 PWR Kwu KWU KWU Arge/KKU 100 176 10779
SGzmesnsohafikemkratwerk Grobnde GmbK
rK"k‘Gi
RV Grone oe) 1294 PWR KWwU Kwl KWWY ArgeKWG 45 879 /B4
sheimisch-Westaiisches Eiekinzilatswerk AG
RWE
& Rhis 4 (Worms Shain) 1146 PWR Siemens KWU KWU Hochtief 100 674 375
e Binie 3 \Wgrms Hhain) 1240 PWR Siemens KWU KWLl Hochtief 100 876 177
Sioes D Worms Rhein) 1232 PWR KwWU Kwu KWL Hachtief 0 /81 indef.
Kserden 1227 PWR BBR BAC BBC Hochtied 45 578 185
Neuoou 1 (Nsupatz? 1246 PWR BBR BBC 8BC Hochtiet 0 /83 indef.
schaeli-Bruter-Kernkraflwerksgesetischatt
EE
rae s GNT-300 (Kalkar) 295 LMFBR Int/B-N/Nera KWU INB INB/Hoch 50 1/80 12/86
Hungary
Hengarier Electrical Works
Paes 7 (Pans) 440 PWR AEE ERBE 85 80 /B2
Bar, 2 ‘Pevsl 440 PWR AEE ERBE 50 /80 /83
Paks 3 (Paks) 440 PWR AEE ERBE 5 184
Paks 4 (Paxs! 440  PWR AEE ERBE S 185
tndia
Atomic Energy Commission, Department of
Atomit Energy
* Tarzpur 1 (Bombay) 200 BWR GE GE Bechtel Bechtei 100 269 10/69
* Tarepyi 2 1Bombay) 200 BWR GE GE Bechtet Bechie! 100 269 1069
e BAPP 1 (Knta, Rajasthan) 202 PHWR CGE EEC AFCL/MECOD HCC 100 1268 1273
¢ SAFP 7 (Kot2. Rajasthan} 202  PHWR L&T FEC AECL/MECO HCC 100 1273 481
MARP 1 (Ralpakkam, Tamil Nadu) 220 PHWR L&Y BHE DAE ECC 992 676 /82
MAEE 2 waipakkam, Tamil Nadu) 220 PHWR L&T BHE DAL ECC 81 677 B4
KARP 1 (Kzrora, Unar Pradesh) 220  PHWR Wil EHE DAL HCC 57 381 /8%
NAFP Z ihgrore Utar Pradesh) 220 PHWR R&C BHE DAE HCC i8 igz /87
CONTINUED
® L7 7 CXMTMErsE Operauon * Esvmatec date of startud. announced 3! ime reactor was ordered




Weorld List of Nuclear
Paower Plants. coni' d

INDIA cont'd

#omic Energy Commission, cont'd
hew Project 1 {sie endecided)
fvawe Prpject 2 (site undecided)

Ialy
tnle Mazionale per 'Energia Eleftrica (ENEL)
s L&tz iBorgo Sehonro)

HanG (Sessz Autuncad)l
- Vargehess iveicelh

¢ fLatna)
a2ss (C2orso. Pracenza)
N {s:te not vel approved)

L (hontalte o Castro)
& (Montakio ¢ Castro)
(5:1¢ not agproved)

Japan
Guape Biectnc Power Co.
» Hamiagnad 1 {Hamarka-cho, Shizuoka-Pret)

» Yamansa 2 tHamagka-cho Shizuoka-Prefd

Crugoke Electric Power Co.. Inc.

e Somzie rKashmmz-cne, Shimane-Prel
Japan Momic Powe: Co. Lid. {JAPC)

e Tokm 1 (Toxa Mysa

® Tsuruga tTsuruga!

& Tohg 2 Toka Musal

¥ansai Electric Power Co_, Inc.

¢ MNohamz 1 (Mihama-cho)

e Yhama 2 (Mihame-cho)

% Towzhzmg 1 (Takahama-cho)
» Takanama 2 (Takahama-cho)

Targhame 3 (Takahama-cho}

Takahama 4 (Takahama-chg)

s Mihama 3 (Mihamna-cho)

e Oht 1 {Ohi-cho)

e Ohi 2 (Ohi-cho)

Kyushu Electric Power Co., Inc.

e Genkai Y iGenka, Saga}

o Genea 2 (Genka. Saga)
Sensar 1 :Sendar Kagoshima)
Senca: 2 ‘Sendar, Kagosiima)

Power Reactor & Nuclear Fuel

Development Com. (PNC)

e Fugen. ATR (Tsuruga)

Monu (Tsuruga)

& Units in commercial operation

Net

Mwe Type  ‘Suppier

220
220

900

150

150
247

40
840
952
942

982
952

516

814

479
159
340
1067
320
470
780
780

830

830

780
1320
1120

559
559
B90
890
200

300

PHWR
PHWR

PWR

GCR

BWR
PWR

LWCHW
BWR
PWR
BWR

PWR
BWR

BWR

8WR

BWR
GCR
BWR
B8WR
PWR
PWR
PWR
PWHR

PWR

PWR

PWR
PWR
PWR

PWR
PWR
PWR
PWR
LWCHW

LMfBR

Con- Commercia:
struc-  Dperation
tion  orig. actual
Reactor Generator Archites! stage sched- or ex-
Suppiier Engineer Canstructor (%)  ufe” pected
/90
91
Fra 0
TNPG Parsons TNPG Terno! 100 1/64
McAlp
GE Ansaldo Ebasco Italstrade 100 6/64
w franco Tosi/ G&H Recchi 100 1/65
Mareil
NIRA AMN/ASGEN ENEL Torao 35 /77 mid 84
AMN/GETSCO AMNASGEN G&H SOGENE 100 4/75 578
EUW Franco Tosi Bechtel 0 /80 nded
Marelli
AMN, Getsco AMN:ASGEN G&H 13 /81 1286
El'W Tosv'Marelli Bechtet 13 ‘81 early 86
AMNGetszco AMN-ASGEN G&H 9 /81 indet
Toshiba Hitachi Toshipa Takenaka 100 1174 376
Kaypma
Toshiba Hitacht Toshiba Tekenaka’ 100 378 1178
Kapma
Hitach: Hitachi Hitachi kaima 100 1173 374
GEC GEC GEC Shimizu 100 766
GE GE Ebasco Takenaka 100 370
Gt GE Ebasco Shimizu 100 B77 1178
w MHIMEL KEPCO/Gilbert Maeda/ 100 1170
Kum/Obay
MHI MHI/MEL KEPCO/MAPI Maeda 100 e
Kum/Dbay
W MHI/MEL KEPCO/Gilbert Maega/ 100 874 11/74
HazTaisei
MHI MHI'MEL KEPCO/MAPI Maeda/ 100 7775 1175
Haz/Taisei
MH! MHEMEL KEPCO/MAPI Maeda, 8 8:80 2/85
Haz, Xumy/
Takenaka,
Obay,
Taisei, Haz
MHI MHUMEL KEPCO/MAPI Maeda, 2 880 8'85
Haz, Kum/
Takenaka,
Obay
Taisel, Haz
MHI MHI'MEL KEPCO'MAPI Haz Taisei 100 776 1276
W MHIMEL KEPCO Gitbert  Kum'Obay 100 776 379
w MHI'MEL KEPCO'Gilbert  Xem'Cbay 100 177 1279
MHI MHUMEL MAPI Obay 100 775 1075
MHI MHI'MEL MAP| QOoay 100 381 38
WMHi WMHI'MEL MAaP| Quay 50 4 784 TiB4
MH! MHI"MEL MAPI| Dbay 05 386 38¢
Hrtachi'MHI Toshiba PNC'EPDC Maeda’ 100 276 379
Kajma
PNC ] 1075 ‘B7

+ fsomated date of starlup, announced 3! time reactor was oroered




Con-  Commercia!
struc-  Operation
tion  orig. aclual

Nel Reactor Generator Architeel stage sched- or ex-
MWe  Type Supplier Supplier Engineer Coastructor (%} ule® pected
JAPAN. cont d o T
Shikoky Electric Power Co.
e a2 1.4 kata-cno Ehime Prell) 538 PWR MHI MHI‘MEL MAPI MHITaisei 100 477 977
ki 2 tlkata-cho. thime Preil) 538 PWR MH! MHI/MEL MAP! MHITaisel 95 10817 3/82
Tghoku Electric Power Co., Inc.
U agawa (Oshikagun} 500 BWR Toshiba Toshiba Toshiba Kajima 32.5 1275 b6/84
Tokye Electric Power Co.
e tykushime Daichi 1 (Fukushimal 439 BWR GEToshiba GE Hitachi Ebasco Kajima 100 371
e Fuwpsnamz Jaichs 7 (Fukushimal 760 BWR GE Gt Toshiba fbasco Kajma 100 7/74
o Doeustome Deliche 2 {Fukushima) 760 BWR Teshiba Toshioa Toshioa Kajima 100 376
s Tuhoshema Danche 4 (Fukushime) 756  BWR Hitachi Hitachl Hitachi Kajima 100 676 10,78
s Fospshrna canch 5 (Fukushimal 760 BWR Toshiba Teshiba Toshiba Kajima 100 1275 478
* ima Danch. £ (Fukushima) 1067 BWR GE GEToshiba Ebasco Kajima 100 10,76 1079
Caint 1 ¢Fukeshimal 1067 BWR Teshiba Foshiba Toshioa Kajima 339 582 582
Fukushes Dainr 2 +Fukushima) 1067  BWH Hitacni Hitachi Hitachi Kajma 53.7 B8B83 1/B4
Fukyshime 3 (Fukusmima) 1067  BWR Toshiba Toshiba Toshma 13 685 7/85
Fukusiina 4 iFukusiima) 1067 BWR Hitachi Hitachi Hitach 7 1285 2/86
rashuwalakt kanwe 1 (Nigata) 1067 BWR Toshiba Toshiba Toshiba 28 12 B4 10/85
Korea
fcrea Electric Co,
a NoeRe {ke-Rroagzer Pusan Qiy) 564  PWR W GEC Gilbert W 100 12/75 A8
wo-Fo DR near Pusen Gity) 605  PWR w GEC Gilbent W 645 1179 /83
Nutieal 5 wo-Ri. near Pusan Gity! 900 PWR W GEC Bechte! Utilsty 484 984 984
sergs hurniear 6%2-Ri near Pusan City) 900 PWR W GEC Bechtel Utitity 484 B85 985
katea hugiear 7 iYoung Kwano-Kun) 950 PWR w W Bechtel Utility 113 386 3186
Kerea Suclear § 1houng RwatigKun) 950  PWR W W Bachtel Utility 113 387 387
worpe Nuclear 2 o0 in-Xun, neas
Veanme Cry 450 PWR Fra ungecided Fra Utiity 34 12B7 388
nifme hucieas 10 i bnekon near
City: 950  PWR Fra ungecided Fra Uty ja 1285 389
Rt = BRI RSk LA TR AT 629  PHWR AECL Parsons AECL Canatam'AC  AECL 914 182 1082
Libya
o 300 PWR AEE 0 indef
Luxembourg
Lirxembourg Nuclear Power Company {SENU)
Remerszhen (Remersohen) 125G PWR BBR BER BBC BBC 0 1'82 indet
Mexico
Comisior Federal de Electricidad (CFE}
Lanuna Veroe 1. zouna Verde, Veracruz) 654 BWR GE Mitsubishi Ebasco CFE/Ebasco 70 677 11/83
Lagunz Verde 2 iiaguna Verde, Veracrez) 654 BWR GE Mitsubishi Ebasco CFE/Ebasco 35 678 11/84
Netheriands
Gemeenschappelijke Kernenergiecentrate
Neceriand NV (GKN)
e Dogewaard (Dodewaard, Betuwe) 50 BWR RDM Stork GKN BAM 100 169  1/69
NV Provinciale Zeeuwse Enerpie
Maatschappij (PZEM)
» Gorssee (Borsseled 445 PWR KWU'RDM KWL)'Stork KWL KWU 100 773 1073
Bredero
Pakistan
Pakistan Atomic Energy Commission
s ¥irupp heat Karatn) 125 PHWR CGE Hitachi CGE CGE 100 6871 1272
CONTINUED
NOTE: Karez £iecimic Company nas cnanged e hame OF ks Wosung t pantio Xo-R. 3
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World List of Nuclear (‘:nn- Cammiili'cial
) strizc- peration
Power Plants, cont'd e £, el
Net Reaclor Generator Architect stage sched- or ex-
MWe  Type Supplier Supplier Engineer Constructar (%}  ulet peciad
Philippines d
Philippine National Power Corp. ’
PNPP 1 (Morong, Bataan Luzon) 620 PWR w w B&R w a1 12/82 1/85%
Poland
Zamowiec 1 {Zarnowiec) 440 PWR AEE g /85 /85
Zarnowtec 2 (Zarnowiec) 440  PWR AEE 0 /86 /86
Rumania
Rumanis-1 (OIt) 440 PWR AEE /B0 /83
Rumania-2 (Cemavoda) 700 PHWR AECL AMN/GE AECL/GE/AMN State /86 /86
Rumania-3 {Cernaveda) 700 PHWAR AECL AMN/GE AECL/GE/AMN State w7 a7
South Africa
Electricity Suppy Commission (ESCOM)
Koeberg 1 (Koeberg) 922 PWR Fra Asthom ;] 70 12/82 1783
Koeberg 2 (Koeberg) 922 PWR Fra Alsthom $B 50 1283 /84
Spain
Fuerzas Eleciricas de Cataluna, 5.A.
Asco Y (Asco. Tarragona) 880 PWR W WIENS Bechtelinitec/lyP  NUCEA 9% 177 5/82
Fuerzas Electricas de Cataluma, S.A,,
tmpresa Nacional Hidroglectrica
Ribagorzana, Kidroelectrica de
Cataluna. S.A.. and Fuerzas
Hidroelectrica del Segre, S.A.
Asco 2 (Asco. Tarragona) 880 PWR w W/ENB Bechiel/lnitec/iyP  NUCEA " 1277 84
Centrales Nucleares del Norte, SA
(NUCLENOR)
# Santa Maria de Garona {Santa Maria de 440 BWAR GE GE Ebasco GE 00 270 I
Barona. Burgos)
Compania Sevillans de Eleciricidad SA,
Hidrosiectrica Espantla SA
Vaidecaballeros 1 (Badajoz) 975 BWR GE GE EA AETEA 5 8 &7
Valgecaballeros 2 (Badajer) 975 BWR GE GE EA AETEA 2 /82 &88
Compsnia Sevitiana de Elactricidad SA,
Hidroelectsica Espanola SA, and Unios
Electrica SA
Almaraz 1 (Alimaraz, Caceras) 930 PWR w w EA/GRHE EyT 100 11776 1281
Almaraz 2 (Aimaraz, Caceres) 930 PWR w w EA/GAHE EyT 85 127717 83
Eleciricas Reunidas de 2aragoza SA, Energla
@ Indusirias Aragoaesas SA, Union
Elactrica SA
Tritto 1 (Trillo, Guad.) 97 PWR KWu KWU/ENSA/ EA ETOCEA 2 6/82 1/B6
E. N. Bazan
Trilio 2 (Trillo, Guad.) 1200 PWR KW 0 indef.
Empresa Nacional Hidroslectrica del 5
Ribagorzana SA, and three other utilities
Vandeilos 2 (Tarragona) PWR w w Initec/Bechtel VANEA 5 1281y /86
FENDSA (Fusrzas Eleciricas de! Noronsie, S.A.)
Regodoiz {Lugo) 1 PWR KWy Wy
Higroelectrica Espanoia SA :
Cotrentes (Cotrentes. Valencia) 930 BWAR-S GE GE/GEE EASEN' EyT/others 70 778 783
GaH
Cabo Cope (Cope. Province of Muroia) 2 BWR-S GE GE/GEE EA'SEN/ EyTiothers 0 /81 ndel
' G&H

o Unns in commercal operation

+ Esumalad date of starlup. announced at time reactor was oroered

CONTINUED ON PAGE 97
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World List of Nuclear (t‘.on- C(I:mmelr_cial
’ struc- Jperation
Power Plants, contd o ng. senel
Net Reactor Generator Architect stage sched- or ex-
MWe  Type Supplier Supplier Enginesr Constructor (%}  ulet pected
SPAIN, conl'd
Hispano-Francesa de Energia Nuclear, SA
{HIFRENSA} .
s Vandelios (Tarragona) 480 GCR GC Alsthorn/J-5 SOCIA GC 100 972 772
Iherduero SA
Lemoniz t (Lemoniz, Vizcaya) 900 PWR W w iber/Bech/ foerduero 100 1276 582
Sen/Initec
Lempniz 2 (Lemoniz, Vizcaye) 900 PWR W Iber/Bech/ Iberduero 55 T/78 12/84
Sen/initec
Sayage (Sayago, Zamora) 1075 PWR w {ber/Bech/ iberduero 0 6/81 7/8%
Sen/initec
Union Electrica {UE)
e Jcse Cabrera (near Madnd) 153 PWR w w G&H EyT 100 7168 8/69
Sweden
Gskarshamnsverkels Krafigrupp AB (OKG)
e Oskarshamn 1 {Oskarshamn) BWR ASEA-Atom Stak-Laval Armerad- 160 272
Betong
e Oskarshamn 2 (Oskarshamn) 570 BWR  ASEA-Atom  BBC/Stak-Laval Aémerad- 100 8774 12774
etong
Oskarshamn 3 (Oskarsnamn) 1060 BWR ASEA-Atom Stal-Laval OKG/ABV/ 25 12/83 /86
SCG/WP
Statens Vanenfallsverk (SSP8)
s Ringhas 1 (Varberg) 750 BWR  ASEA-Atom EE ASEA-Atom/SSPB S5PB 100 673 276
e Hinghals 2 (Varberg) 800 PWR w Stal-Laval SSPB/G&H/S-L S5PB 100 7774 §/75
e Fursmatk 1 (Uppsaia) 800 BWH ASEA-Atom Stal-Laval A-ASSSPB/S-L SsPB 100 7/78 12/80
e Ringhals 3 (Varberg} 900 PWR w Stal-Laval VBB-TE/S-L SSPB 100 12777 4/81
ginghals 4 (Varberg) 900 PwWR W Stal-Laval VBB-TE/S-L SSPB 100 779 11/82
Forsmark 2 (Uppsala) 900 BWR  ASEA-Atom Stal-Laval A-AJSSPB/S-L 55PB 100 7/80 B/81
Forsmerk 3 {Uppsaa) 1050 BWR ASEA-Atom Stal-Laval A-A/SSPB/S-L SSPB 10 82 1185
Sydsvenka Kratl AB
e 2zrserace 1 iMamo) 570 BWR ASEA-Atom Stal-Laval A-A'S-L/SK/VEB SCG 100 775 15
e Sarsegack 2 (Maimo) 570 BWR ASEA-Atom Stal-Laval A-A’S-L/SKNVEB SCG 100 797 177
Switzerland
Berntsche Krattwerke AG (BXW)
e Yuhleberg (near Berne) 320 BWR GETSCO BBC BBC/E&B/ 8BC/ 100 10/72
GETSCO GETSCO
Kernkrattwerk Graben AG (KWG)
Graben 1 (Graben) 1140 BWR GETSCO BBC BBC/GETSCO BBC/ 0 12/79 inge!.
GETSCO
Kemkralwerk Leibstadt AG
Leibstadt {Leibstadt) 942  BWR GETSCO BBC BBC/GETSCOf BB/ 78 10/78  5/83
Ew GETSCO
Nordosischweizerische Kraftwerke AG (NOK)
@ Beznau 1 {Deettingen) 350 PWR w B&C G&H/BBC 2schokke 100 12/69 12/69
® Bemau 2 (Doettingen) 35  PWR w BBC G&H/BBC Zschokke 100 72 372
xerrkrahwerk Gosgen-Daniken AG
® Gosgen (Daniken, SO 920 PWR KWU KWU KWU KWU 100 11/77 11779
Kernkratiwerk Kaiseraugst AG
Kaiseraugst (Kaiseraugst) 925 BWR GETSCD 88C MCING/BBC/ BBG/ 0 78 /90
GETSCO GETSCO
Taiwan
Taiwan Power Co.
& Chin-shan 1 (Shihmin Hsiang) 604 BWR GE w Ebasco TPC 100 1275 1278
® Chin-shan 2 (Shihmin Hsiang) 604 BWR GE w Ebasto TPC 100 1276 9779
Kuosheng 1 (Kuosheng) 951  BWR GE w Bechtet TPC 99 1078 1081
Kuosheng 2 {Kuoshenp) 951 gwWR GE W Bechtel IPC g7 1078 10/82
Maanshan 1 (Maanshan) 07 PWR w GE Bechte! TPC 36 4/81 4/84
Maarshan 2 {Maanshan) 907 PWR w GE Bechte! TPC 19 4'82 4/85
CONTINUED

& Units in commercial pperation
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+ Estimated dale of startup. announced at time reactor was ordered

a7




World List of Nuclear

Con-  Commercial
, nt ! struc- Operation
Powser Plants, cont'd 5 i 5l
Net Reactor Generator Architect stage sched- or ex-
Mwe Type Supplier Supplier Engineer Constructor (o} ulet pected
Turkey
Akkuyu (Akkuyu) 440 PWR AEE 0 87
United Kingdom
Centrat Electricity Generating Board (CEGB)
s Berkzey 1 (Gloucesiershire) 138 GCR TNPG AE| TNPG JL-Bal 100 6i62
s Berkeley 2 (Gloucestershire] 138 GCR TNPG AEl TNPG JL-Bai 100 1062
e Bradwell 1 (Essext 150 GCR TNPG Par (UK} TNPG McAlpine 100 662
» Bradweli 7 (Essex) 150 GCR TNPG Par (UK) TNPG McAipine 100 11/62
o Trawsfynydd 1 fivales) 250 GCR APC RW APC NCC 100 2:65
& Trawsfynydd 2 {\Waies) 250  GCR APC RW APC NCC 100 365
e [ungeness AT (Ken'} 275 GCR TNPG Par (UK}/AEI TNPG McAlpine 100 865
e Dungeness AZ (Kent) 275 GCR TNPG Par (UK)/AEI TNPG McAlping 100 12/65
o Sizewell A1 (Seffoik) 290 GCR EE/BW/TW EE EE/BW/TW W 100 1/66
o Sizewe!l A2 {Sutolk) 290 GCR EE/BWTW (33 EE/BW/TW ™ 100 /66
® Hinkley Point A1 (Somerset) 250 GCR EE/BW/TW EE FE/BWTW ™ 100 5:65
s Hinkizy Point AZ (Somerset) 250 GCR . EE/BWTW 33 EE/BW/TW W 100 5/65
e Cizhury 1 (Gloucestershire) 300 GCR TNPG AE/Par {UK) TNPG MchAlpine 100 1168
e (idbury 2 [Glouzestershire) 300 GCR TNPG ATiPar {UK) TNPG McAipine 100 1/68
® Wyi's 1 (Angiesey) 580  GER EE/BEWTW £E EE/BAWTW W 100 11/71
® Wyita 2 (Angesey) 590 GCR  EE/BAWTW EE EE/BAWTW W 160 1172
® Hiniey Port BT {Somerset) 625  AGR NPC AEVGEC NPC NPC 100 1272 676
* lunrley Point B2 {Somerset} 625  AGR NPC AEUGEC NPC NPC 100 1273 W7
Dungeness B R21 {Kenl) 600 AGR APC Par {UK) APC APC 100 70 i
Gunoeness B R2Z (Kent) 600 AGR APC Par (UK) APC APC 98 71 B2
Harepoal RY (Seveland) 625 AGR NPC GEC NPC NPC 99 74 /B
Hariepool B2 (lieveland} 625 AGR NPC GEC NPC NPC g7 14 /82
Heysham R1 {Lancashire) 625 AGR NPC GEC NPC NPC 99 75 12’81
Heysnam RZ 1Lancashurg) 825 AGR NPC GEC NPC NPC 87 75 B2
Heysha™ B 660  AGH NPC CEGB Various 2 /87
Hey sha™ B2 650 AGR NPC CEGB varous 1 /88
Soyth ot Scotiand thectricity Board
® HUMErSoT Al LLy IShIE] 160 GCR GEC GEC GEC Mowlem 100 564
w Hurtersion A2 Ayrsture) 160 GCR GEC GEC GEC Mowlem 100 964
e Humersicn B Cvrsnired 675 AGR TNPG Par (UK) TNPG TNPG 100 373 676
e Hyntersien 82 Ayrshirel 625 AGR TNPG Par (UK) TNPG TNPG 100 973 577
Tcrness Point 1 /Dunbar. East Lothian) 660 AGR NNC GEC NNC varous 5 87
Terness Point 2 (Dunbar, East Lothian) 660 AGR NNC GEC NNC vanous 2 ‘88
British Nuciear Fuels Ltd.
e Ca:ger Hal' 1 {Cumbna) 50 GCR UKAEA Par {UK} UKAEA ™ 100 9/56
e Cazloer Ha!! 2 {Cumbria) 50 GCR UKAEA Par (UK) UKAEA W 100 956
e (algar Hail 3 {Cumbria) 50 GCR UKAEA Par (UK) UKAEA W 100 9/56
e (giger Halt & {Cumbria) 56 GCR UKAEA Par {UK} UKAEA W 100 9/56
o Cnapel Cross 1 (Duminesshire) 5  GCR UKAEA Par (UX) UKAEA W 100 11/58
e Chanel Cross 2 1Duminesshire) 50 GCR UKAEA Par (UK) UKAEA TW 100 11.58
e Chapei Cross 3 (Duméniesshire) 50 GCR UKAEA Par {UK) UKAEA W 100 11/58
® Chape! Cross 4 (Dumiriesshire) 50 GCR UKAEA Par (UK} UKAEA W 100 11/58
United Kingdom Atomic Energy Authority
{UKAEA)
@ Winint S5HWS (Dorset) 32 HWLWR UKAEA AEI/RPL UKAEA Turrift 100 2/68
e Dounreay PFR (Highiand} 250 LMFBR UKAEA/TNPG EE UKAEA NPC 100 10773 8476
United States
NORTHEAST
Balimore Gas & Electric Co.
e Caiver; Cits 1 iLusby. Md.) 850 PWR C-E GE Bechiel Bechte! 100 173 575
e Calvert Ciis 2 (Lushy. M2.) 850 PWR o3 w Bechtel Bechtel 100 174 477
Boston Eoison Co.
e Pugnm 1 (Plymouth, Mass.} 670 BWH Gt GE Bechtel Becnte! 100 1071 1272
Pugnm 2 (Plymouth, Mass.) 1150 PWR Ct GE Bechtel Bechte! ] § 80 indet
Connecticut Yankee Atomic Power Co.
¢ Haadar Neck (Hadgam Neck. Conn ) 575 PWR w w S&W SawW 100 1167 168

& Unes i commeria pperzuen

cp — CONS: "IN penmit :ssoed

lwa — imded work authonzauon issued

+ Estimatec g¢ate 0! startup announced a! ime reactor was ordered
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.8 —~0RTHEAST, cont'd
Consolidatec Edison Co.
® ind2n Point 2 (ndlan Point, N.Y )
Duguesne Light Co.
& Beaver Valley 1 {Shippirgpont, Pa .
Beaver Valiey 2 (Stippingport, Pa )
Duguesne Light Co. ang U.S.
Department of Energy
® Shippingport {Shippmgport, Pa.)
Jersey Ceniral P&L Co.
s {(yster Creek 1 (Forked River. N.J}
Lang Istand Lighting Co.
Shoreham {Srookhaven. N.Y.)
Maine Yankee Atomic Power Co.
e Nare Yankee (Wiscasset Me))
Metropolitan tcison Ce.

e Thres Mile 'stand 1 {Londonderry Twp., Pa.)
s Three Mile isiand 2 {Londongerry Twp., Pa)

Niagara Mchawk Power Corp.

s Nine Mie Point 1 (Senba, N.Y.)
Nine RMie Point 2 {Scriba, NY)

Northeast Uiilities

« Miistone 1 (‘Netedord. Conn )

e Mylistone 2 Svatedord, Conn )
M.stone 3 (Watertorg. Conn.)

Pennsylvania Pewer & Light Co.
Susguehanna 1 (Berwick, Pa)
Susguehanng 2 (Berwick, Pa.)

Priladeiphia Electric Co.

& Pgacn Betom 2 (Peach Bottom, Pzl)

® Peaen B0 3 tFeact Bottom, Pa.}
Limerck 1T ePotistown, Ped
LmEnge 7 OCPonsiown. Pa

Pawe! Authority of the Siate of New York

e inr.z- Pormt 3yinsan Poim N Y S

» Jemooe A FlzPaince sonba KY

Public Service Co. of New Hampshire
Seznioor 1 .Seabrook, NH)

Sezhrook 2 iSeanrook, N.H.)
Pyblic Servite Electric & Gas Co.
e Salem 1 Salem, N J3

Salem 2 iSalem, N.1)

Hope Creek 1 (Salem, N L)

Hope Creek 2 (Salem, N.J.)
Rochester Gas & Electric Corp.

» Rozen € Gmna (Ontano, NY.)
Vermon! Yankee Nuciear Power Corp.
® Vermont Yankee {Vernon, V.
Yankee Atomic Electric Co.

e Yanker (Rowe, Mass.)

MIDWEST

Cincinnati Gas & Light Co.
Zimmer 1 (Moscow, Ohio}

The Cieveland Electric liuminating Co.
Perry 1 {Honh Perry, Ohio)
Permy 2 {Nonth Perry, Dhig)

Commonwealth Edison Company

e Dresdzn 1 (Morns, 1IL)

e [resgen 2 (Mornis. H1)

e Dresden 3 (Mornis ll)
LaSatie 1 (Seneca. I )
LzSatie 2 (Seneca, N}

NOTE. Reianer on s Ust s Humoow! Bay-3. which was laken ou! o service
©u.s 7€ 'z re'ye ng mamntenance sesmic modification. anc a siudy o

(L]

NUC_EAF NEWS / AUGUST 1881

7.0y o Ne area 1o answer guestions posas by the NRC sta® Athough

Con- Commercial
struc-  Operalion
tion  ozig. actual

Ket Reactor Generator Architect stage sched- or ex-
MWe  Type Supplier Supplier Ergineer Construtior %) utet pected
873 PWR W UE&C Wedco 100 6/69  7/74
833 PWR W w SAW SAW 100 673 477
833 PWR W w S&W DLC/SAW 41.6 10/78 5/86
60 LWEBR W W S&W 100 1257

620 BWR GE GE BAR/GE B&R 100 2/68 12/69
820 BWR GE GE SEW Utility 85 75 1/83
825 PWR C-t W Saw Saw 100 12/72
792 PWR BAW GE Gilbed UEEC 100 971 74
880 PWR B&W W BaR UE&C 100 5/73 1278
610 BWR GE GE Utihty S&W 100 11/68 12/69
1080 BWR GE GE S&W S&W 3 778 10:86
652 BWR GE GE Ebasco Ebasco 100 6/68 12/70
870  PWR CE GE Bechtel Bechtel 100 4/74 12175
1150 PWR W GE S5&W S8W 36 378 5/86
1050 BWR GE GE Bechtel Bechte! 1 578 583
1050 BWR GE GE Becntel Bechtel 59 5/81 5/84
1065 BWR GE GE Bechtel Bechtel 100 71 7774
1065 BWR GE GE Bechtel Bechlel 100 73 1274
1055 BWR GE GE Bechtel Bechtel E3 B'78  4/85
1055 BWR GE GE Bechte! Bechtel 275 180 1087
885 PWR w W UE&C Wedco 100 771 876
521 BWR GE GE SE&W S&W 100 173 795
1150 PWR W GE UE&C UERC 48 11/79 284
1150 PWR w GE UE&C UE&C 8 B/B1  5/86
1090 PWR W w Uility UE&C 100 71 6797
1115 PWR W w ity UE&C 100 73 8/81
1070 BWR GE GE Bechtel Bechtel 35 375 1286
1070 BWR GE GE Bechiel Bechiel 17.8 377 12/88
480 PWR W w Gitbert Bechtel 100 1169 3770
514 BWR GE GE " Ebasco thasco 100 1070 1172
175 PWR W w S&W S&W 100 1/61 6/61
B0 BWR GE W S&L Kaiser a5 75 /82
1205 BWR GE GE Gilbert Kaiser 75 7779 5/84
1205 BWR GE GE Gibert Kaiser 40 7/80 5/88
207  BWR GE GE Bechtei Bechtel 100 760  B:60
734 BWR GE GE S&L UESC 100 269 870
794 BWR GE GE S&L UERC 100 270 107
1078 BWR GE GE S&L Lhinty 99 1075 482
1078 BWR GE GE S&L Utility 82 1076 12/82
CONTINUED

Facfic Gas anc Elecine’s app <zt an for a license to resiart Humbodt Bay-3
was withdrawn in Decernbe: 1980 the utiity 15 sl constaenng the poss: ity

oi resiarting the p.ant shouid ¢ prove economica' to do sC
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World List of Nuclear Con. Commersial

Power Piants. cont'd SUME- - Operation
lion  orig. arctual

Net Reactor Generator Architect slage sched- or ex-
MWe  Type Supplier Supplier Engineer Constructar (%)  ule* pected

US —MIDWEET, cont'd
Commonwealth Edison Company, cont'd

o Qoo ) 1040 PWR W W SaL Uty 100 4/72 1073
s Ton 2 o L) 1040 PWR W W S&L Utility 100 573 9/74
Byron s {Byran, HL 1120 PWR W W S&L Utility 76 10/78 10/83
Avian o iBvron, D 1120 PWR w w S&L Utility 60 10/79 10/84
Braicwood 7 tBradwood, 11} 120 PWR W w S&L LHility 62 10/79 10785
Sra.cweod 2 Braigwond, i) 1120 PWR W W S&L Utihty 48 10/80 10/86
Commonwealth Edisen Company. inlerstate
Power Company, and jowa-lilincis
(3as 2nc Electric Company
Cartoi: County 1 1Savanna, i1t) 1120 PWR w S&L 0 10/87 indet.
Carrail County 2 {Savanna. 1L} 1120 PWR W S&L 0 10/88 indef.
Commonwealth Edison Co. and
lowa-Hlincis Gas & Electric Co.
® Quagd-Cities 1 {Corzove, i) 789  BWR GE GE S&L UESC 100 370 B72
s {uzc-Cries 2 (Corgova, 1} 789 BWR GE GE S&L UE&C 100 371 1072
Consumers Power Co.
® Bio Rnex Paint (Chartevpix. Mich)) 63 BWR GE GE Bechte! Bechtel 100 12/62 12/62
« Paprsades (South Haven, Mich.) 740 PWR - C-E W Bechie Bechtel 100 7770 1271
W 4 1 iMdlanc . Mich) 530* PWR BAW GE Bechie! Bechtel 66 5/78 784
Kidiang 2 (Midlans Mich ) 805 PWR 3&W GE Bechtel Bechtel 66 573 1283
Oairyland Power Cooperalive
s 1A Crovse 3WR (Genca, Wis) 50 BWR Allis Allis S8L Maxcn 100 10/66 11/69
Detroit Edison Co.
Ferme 7 iNewnor. Mich.) 1100 BWR GE EE Utility Daniel 83 /74 1183
Hlinnis Power Co.
Chron 1 (Claton, 110 850 BWR GE GE S&L Baldwin 77 680 883
Ciater 2 \Chimton, (L 950 BWR GE GE S&L Baidwin O0-cp 683 indet.
irdiana & Mizshigan Etectric Co.
e Ognaid O Ceok 1 (B 2gman. Mizh) 1054 PWR W GE AEPSC AEPSC 100 472 875
¢ Jenac T Onok @ Sadomzn Mich)) 1084  PWR W BB AEPSC AEPSC 100 473 778
lowa Erecirip Light & Power Co.
s o= Anpll (Pais owa 545 BWR GE GE Bechte! Bechtel 100 1273 574
'nwa Power & Light Co
Centizl 'owa IVenraks lowss 1270 PWR B&W Bechiel 0 nge!
¥ansas Gas & Eiecirn Co. and
Kansas Cily Power & Light Co.
Wao™ Creek tSBurlngton. Kans ) 1150 PWR w GE Bech/S&L Danel 74 461 4'84
Aenraska Pundic Power Districl
o Caoger (Brownwiiz, Neb ) 778  BWR GE w B&R B&R 100 471 174
Northern Indiana Public Service Co.
Hailly N1 {Ballytown, Ind .} 645  BWR GE GE S&L Braun 1 376 /89
morthern Slates Power Co.
« Wontcgio (Monticeilo, Minn ) 536 BWR GE GE Bechtel Bechtel 100 570 7M1
e Fraine Islzang 1 (Red Wing, Minn.} 520 PWR W Lid FPS Utility 100 572 1273
e Prairie Isianc 2 {Re¢ Wing. Min ) 520 PWR W W FPS - Utihty 100 574 1274
Omaha Public Power District
» Foit Galhoun 1 (Fort Calnoun, Neb.) 478 PWR C-E GE G&H G&H 100 671 973
Pubitc Service Indiana
Marbie Hilb 1 (Jetterson County. Ind.) 1130 PWR W W S&L Lility 25 /82 late 86
Masbie - 2 (Jefferson County, Ind ) 1130 PWR w w S&L Utility 1 /B4 late B7
Toledo Edison Co.
¢ Dawvis-Besse 1 (Dax Harbor, Ohio) 906 PWR BEW GE Bechtel Bechtel 100 12774 177
uUnion Electric Ca.
Caliaway 1 (Fulton, Mo.) 1150 PWR w GE Bechtel Daniel 80 10/81 483
Cattaway 2 (Fulton, Mo} 1150 PWR W Gt Bachiel Daniel 05 483 /90
Wisconsin Eleciric Power Co. :
* Poirit Beach 1 (Two Creeks. Wis) 437  PWR w W Bechtel Bechiel 100 4770 1270
o Point Beach 2 (Two Creeks. Wis)) 437 PWR ] w Bechtel Bechte! 100 471 1072
Wisconsin Public Services Gorporation
e Kewaunee (Carfton Wis) 535 PWR w W FPS FPS 100 672 674
B Migiang- ! BN oD have tne same $.1e reaciors pan of Uni 15 steam wiill be used® 1n » Nnearby chemica. tacibty
& Units n commerc:2' operation * Estmated date of startup, announced at ime reacior was ordered
P — CONStruchon permit rssued lwa — bmited work authonzauon issued
1NN
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Con- Commercial
struc-  Operation

tion  orig. atiual

Net Reactor Generator Architect stage sched- or ex-
MWe  Type Supplier Supplier Engineer Constructor (%)  wle® pected
SOUTH TS e SR s o - i e i
Aizhama Power Company
» .oseph W Farley * {Uothan. Ala) B2%  PWR W W SCSI/Bechtei Daniel 100 475 12777
.seph N Farley 2 iTiothan, Ala.) 828  PWR W W SCSiBechtel Caniel 93 4776 181
Arkansas Power & Light Co.
¢ Fuciear One 1 {Russaiiville, Ark.) 836 PWR B&W W Bechtel Bechtel 100 772 1274
e Nurear One 2 {Russelivilie. Ark.) 858  PWR C-t GE Bechte! Bechtel 100 12/75  3/80
Caruima Power & Light Co
s Aopnsne 2 (Hansvie. S C) 665  PWR W w Ebasco Ehasco 100 570 371
® 3 unsmr,h i tSoutkpntt, NG} 790 BWR GE GE UE&C Brown 100 375 TV
e Hrunswics 2 .Southpot, NG 790 BWR GE Gt UEAC Brown 100 3/74 1478
Snearon Harns 1 lNemnl NG 900 PWR W W Ebasco Daniel 43 377 985
Snparon Hare 2 (Kewnill, N.C)) 900 PWR W W Ebasco Danie! 3 378 388
Sasaren Harns 3 el N.CY 900 PWR W W Ebasco Daniel <1 379 3794
Srearcn Harris 2 {(Nzwhill. N.C} 900 PWR w W Ebasco Danie! <1 380 3/92
Dluke Power Co
+ Dgonee 1 (Seneca. 5 C)) 850 PWR BEW GE Utility/Bech Uttty 100 571 713
a Gconee z (Seneca S.C)) 860 PWR B&W GE Utility/Bech Utiiity 100 572 974
= Jzenee 5 (Szneceg, 5.C) 860 PWR BE&W GE Wity Bech Bility 100 673 12/74
stefauire 1 (Cormehies. NG 1180 PWR W W Ltility Utility 99 376 T
MeGuire 2 iCornalivs, NG 1180 PWR W W Utility Utility g2 377 B6/83
Raawhz 1 (Gover, 5.0.) 1145  PWR w GE Utility Utility 834 379 384
Jutawdd 2 (C‘(wer. 5C3 1145 PWR W GE Uity Utility 32 3/80 985
e r.\foc‘r.;wi e NC) 1280 PWR C-E GE Utility Utilry 0 1/81 indel.
€ 1280 PWR C-E GE Utility Utiirty 0 1/82 indel.
Ci 1280 PWH C-t Gt Utility Utihity ] 1/83 ndef.
© werokw 1 Gattnes SCO 1280 PWR C-E GE Uttty Utihity 18 9:82 indef
i "U'J-‘QEV SC) 1280 PWR C-t GE Utiirty ikty 0 9°83 indef
3:Gafney S0 1280 PWR C-E GE Utiinty Uity 0 §:84 indef.
555 PWR W W Bechtel Bechtel 100 B70 1272
665 PWR W W Bechtel Bechtel 100 87t 973
TAF PR C-b W Ebasco Ehasco 100 173 1276
' it PWR C-t W Ebasco Ebasco 75 a79 583
CONTINUED
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World st of Nuclear
Power Plants, cont'd

S —S0Ut- cont g

Flarida Power Carporalion

» Crysie Rever 3 /Red Level, Fla )

Georgia Power Co.

¢ Fawir |ohatch 1 (Baxiey, Gal)

e Zowin | datct 2 (Baxey. G2
Vogtle 1 {Waynesboro. Ga)
Vagtle 7 Wayresboro, Ga

Gult States Ublities Co.

Zover Beng ISt Francisville, La.)
Hieer 8end 2 (5t Francisvilie, La.l

Lovisiana Power & Light Co.
Waterfcrd 3 (124, La))

Wissiesipp: Powet & Light Co.
Lrand G5t #ort (ubson, Miss)
Granz .7 2 7ot Gibsen, Miss )

South Caroima Electric & Gas Co.
virgt C Summer § (Perr, §.C

Yennessee Valiey Authority

e Frgwns forry t(Decatur. Ala)

@ Srowns Tern PoDecatur. A

pwns Terny 3oDezater, Az

1 i
.
Bt i3unng )
Geans Bes 2 5p0ing Dy, Teanl)
Cefoane v honttsbarg, Al

atabore, Alc

tevilie, Tenn )

Wies h

veioa Loeme D ouez Mgt
Tennesset Yahiev Authorily,
Commonwealth Ediscn Co.. and DOE
Cunch B o.e: Fraeder Reactor Plant (Dak
Rdgz Tenm)
Virgmia Electric & Power Jo.
 Surny 1 {Grave!l Neck, Val
e Sur~ 7 thravel Neck, Vel
e harn Anna 1 Mineral Vil
e Nomt A0i fMineral Va )
nortn Anma 5 (Mineral, Va )

2 ERWEST

Anizona Public Service Co.
Palc: verde 1 (Wintersburg, Anz.)
Pale Verge 2 iWintersburg. Anz.)
Palc Verae 3 (Wintersburg, Anz )
Houston Lighting & Power Company
Alie~s Creek 1 (Walis. Tex )
South Texas Project 1 (Paiands. Tex )
Sout Texas Project 2 (Patacns. Tex )
Public Service Co. of Oklahoma
Biack Lox 1 (nofa. Okia }
Black Fox 2 (Inoia, Okla.)
Texas Utilities Generating Company
Cormanche Peak 1 (Gler Apse Tea !
Comanche Pean 2 1Gier Rose Tex

e lrr: n commerca Operang”

L — CPNStUCUON pEnTI 155ueC

Net

il

825

786
786
1100
1100

940
940

350

775
775
BES
880
907

1270
1270
1270

1200
1250
1250

1150
1150

1150
1159

+ Estimated dale of startup. announced at time reactor was oroered

Twee

Py

BWH
BWH
PWR
FWH

8WR
BWHR

FWR

BWR
BWR

FNR

BWR
BWER
EWA
PR
PWR
PWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
EWR
BWR
PWRH
PWR

LMFBR

PWR
PWR
PWR
PWR
PWR

PWR
PWR
PWR

8WR
PWR
PWR

BWR
BWR

PWR
PWR

Reactar Generator Architect
_ Supplier _ Supplier  Engineer _ Constructor

B&W W Giibert Jones
Gf GE S5/Bechtel LHility
GE GE Bechtel Utility
W Gt S35 Bechtel tility
W GE SS-Bechtel Utility
GE GE SEW S&W
GE GE S&W S&W
C-E W Ebasco Ebasco
GE Allie Bechtel Bechtel
GE Alits Bechtel Bechtel
W GF Githert Daniet
GE GE Utility Wity
GE GE Lhility Utility
GE GE Uty Utibity
W W Utility Utility
W W Utihty Utility
W W Uility Utility
W W Utitity Utility
B&W BB Utiiity Utdlity

BEW BB Utinty Litility
GE BB Uility Wility
GE 88 Utinty Utiity
GE BB Lhility Utihity
GE BB Uttlity Utility
GE BB Unirty Uttty
GE BB Utility Uity
C-E GE ity Utiity
C-E GE Uity Utility
W GE B&R SAW
W W S&W S&W
W W SEW S&W
W w SEW SEW
w w S&W SAW

BAW w S&W S&EW
C-E GE Bechtel Bechtel
C-t GE Bechte! Bechtel
G-t GE Bechtel Bechtei
GE GE Enasco - Ebasto
w W Brown Brown
W w Brown Brown
GE Gt B8&V Utifity
Gt GE B&V Utility
w Alirs 3&R B&R
w Allis GE&H B&R

lwa — Imned work authonzation sssued

€on-  Commerciai
strue-  Operslion

tien  aorig.

actual

stage sched- or ex-
(%) ulet pected

100 972
100 47
100 476
18 2,78
10 2719
k)| 1079
0 10:81
B85 177
22.4 981
99 1077
100 10/70
100 1071
100 1072
100 1073
99 4774
74 10/76
58 477
Th 707
59 478
34 479
26 480
17 1079
7 10°80
27 487
5 483
26 4'83
3 484
0 ‘80
100 37
{00 372
100 374
100 775
88 377
88 5/81
B1 11/82
21 584
[t} 6/80
80 10:80
23 382
O-lwa 4/82
C-lwa 4'84
B8 1480
52 1i82

377

12775
B/79
3/85

11/86

4/84
indef.

-3/83

10/82.
9/86

6/82

874
¥75
377
7i81
7/82
1/84
10/84
12/85
986
7/88
489
inde!
inget
289
inget
488
inge!

ingel

1272
573
678

1280

/89




WEST A% NORTHWEST

Pacitic Gas & Electric Co.

e humboidt Bay 3 (Eureka, Cait.)
Trable Canyon 1 (Avila Beach, Caif)
Trapic Canyon 2 (Avila Beach Calif )

Portiand Genera! Electric Co.

e Trjen Prescott, QOre )

Fehmic Springs 1 (Aringion, Ore))
“aghi Sanngs 2 (Arlinglon. Ored

Pubuc Service Company of Colorado

e ot 5o Vram (Plattew e Colp )

Pucet Scund Power & Light Co.
sxagr-Hanrore 1 {Hanford, Wash,)
Sragi-ranford 2 (Hanford, Wash)

Sacramento Municipal Utiity Districl

e F.ncho Seco fCiay Station, Caht)

Southern Caiilomia Edison and

San Diego Gas & Electric Co.
an Gnotre 1 :San Clemente, Cahf.)
zv Unodre £ (San Ciemente, Calbif )

540 Crafre 2:82n Clemente, Caitld

Washinglon Public Power Supply System

e oonforsoN (Richlang, Wash))

v AP-Z (Richend. Wash
WKPT (Richiend, Wash )
WNTG (Satesr . Wash )
FenF-4 (RIChiang Wash)
WHP-S {Satsan Wesh )
L8, Tetal (172 units}

2 C

Ministry of Efecinz Power
Sperar 1 1TrnnskK)
Sioenan J(T-2isk)

Stperian 3 (7-ousk)

Sibenan 4 [Troiisk}

Stneran 5 (Trotsk)

Sthenan 6 {7 rodsk)
Beloyarsk 1 (Sverdlovsk regioni
Eeloyarsk 2 (Svetclovsk region)
KNovo-Voronezh 1 {Voronezh)
Novo-Voronern 2 (Voronezh)
Novo-Voronezh 3 {Voronezh)
Kola 1 (near Murmansk)
Kola 2 tnear Murmansk)
Ko!3 3 (near Mormansk)
Kola 4 fnear Murmansk)
Novo-Voroanezh 4 {Voronezh)
Novo-Voronezh 5 (Voronezh)
BN-600 (Sverdlovsk region)
Armenia 1 {Ararat Valley)
Armeriz 2 (Ararat Valley)
Leningrad 1 (near Leningrad)
Leungrad 2 (near Leningrad)
Lerungrad 3 (near Leningrad)
Leningrad 4 (near Leningrad)
Kursk 1

Kursk 2

Kursk 3

Kursk 4

West-Ukrainian 1 (Rovno)
Wost-Ukrainian 2 (Rovno)
South-Ukrainian 1

0

)
& %] (fj
o

" 80 ® % S 2" 0" IS e TS
7

¢ S & 0 9 00

Smolensk 1
Smolernsk 2

Cremoayi 2
Cnemnabyl 3

Net Reactor Generator
MWe  Type Supplier Suppier
63 BWR GE GE
1084 PWR W W
1106 PWR W W
1130 PWHR w Gt
1260 PWR BAW GE
1260 PWR B&EW GE
330 HTGR GA GE
1288 BWR GE w
1288 EWR GE W
613 PWR B&W
436  PWR W w
1100 PWR C-E GEC
1100 PWR C-t GEC
860  LGR GE GE
1150 R GE w
1250 WA B&W w
1240 2WR C-t W
1250 PWR B&W W
1240 PWR C-E W
163 504
100 LGR
100 LGA
100 LGR
100 LGR
100 LGR
100 LGR
100 tGR
200  1GA
210 PwA
365 PWR
440 PWR
440 PWR
440 PWR
440 PWR
440  PWR
440  PWR
1000  PWR
600 LMFBR
400 PWR
400 PWR
1000 LGR
1000  LGR
100¢  LGK
1000 LGR
1000 LGR
1000 LGR
1000 LGR
1000 LGR
440 PWR
440  PWR
1000  PWR
1000 LGR
1000 LGR
1000 LGR
1000 LGR
1000 PWR

Architect
_ Engineer

Bechtet
Utitity
Utihty

Hechtel
Bechtel
Bechte!

S&L

Bechtel
Bechtel

Bechtel

Bechte!
Bechtel
Bechtel

B&R

B&R
UE&C
thasco
UE&C
Ebasco

Constructor

Con- Commercial
stuc-  Operation

tion  orig. actual
stage sched- or ex-
)  ulet pected

Becntel
Utihty
Utihty

Indep
Indep
Indep

GA

Bechtel
Bechtel

Bechtel

Bechte!
Bechiel
Bechtel

B&R

B&R
UE&C
thasce
UEAC
Ehasco

100 /63 8/83
100 272 1482
33 774 8/82

100 974 576
0 7/8¢ 988
0 683 9/90

100 472 179

0 7181 /91
0 /93

100 573 4775
100 1/68

98 675 682
78 6775 7/83

100 766
858 977 2:84
496 980 686

306 382 1286
24.2 382 687
137 383 1287

100 1258
100 12 58
100 1258
100 12/58
100 12/58
100 1258
100 4/64
100 10/67
100 10/64

100 12/69
100 672
100 1073
100 14 12/74

80

/80
100 473
100 80
1272 4/80

100 5 76
100 ns M

100 3 74
100 75 1275
80
1280
100 1276 76
100 I8
‘80
100 76
80
/80
TT#
T8
100 a7 78
100 79 79
B2

CONTINUZID




World List of Nuclear
Power Plants, cont'd

HESR cont ©

Ministry of Electric Power, cont'd
Chernoby 4
=alanm
Kaiamn 2

Scientific Research Institute for Atomic

Reaclors

e Vi-50 {Dimitrovarad)

State Committee on Atomic Energy

e [EN.350 {Shevchenko)

Yugoslavia
Savrke Elecirane {Slovenia) and
Eiekiroprivreca (Croatia)
Krsko (Krsko)
Kon-U.S, Tota! (363 units)

WCALD TOTAL (535 units)

Net

ode;

1000
1000
1000

50

350

615

244 584

408 098

Con-  Commercial
struc-  Operalion
tion orng. actual

Reactar Generator Architect stage sched- or ex-

.__TV_E,‘. Supplier ﬁﬁSyppIiu___ Engineet Constructor (%4} ulet pected
PWR 182

LGR /78
LGR /80

BWR 100 1/66
LMFBR 100 73

PWR w W Gilgen W:local 108 1278 781

Abbreviations used
in this table

ACEL - - iar wietsilly Sl

ACECO - ¥ i
ACECOWEN - [ o~ ot
ATLF giowp -0 o B R
ADF .. .

AECL - 2 . <

AEE - 7 5w mw b Pt

AEC - - . e v oan e

agr -

AEPLC - . <.
ACTER
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AMN - L T S
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Arge REU . - WA kL haen R L3R
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n LGR oAt e
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Eoasco & - Haipn = = i
ECC - MNIRA B - -
EE - . e . NNT . 5 G
| 43 < v B NPE . - - A
EEW i _ " - R T T . Nuclen Ean &
[ ST i HWK . A D RLPun pee s
LU R Obey . e Lt L e
ENE ¢, a i oH -
ERBE - - B R N L SR [+11 T
FTOCEA [ o6 4 un 20 sa wea” Par (U
Ew b e
EyT Eroe ot
Fou +
FPS T -
Fig i:n” R L A
O
FAMMACECD. +am o o e
GA > & b :
GAAAR e e e GO o WeEEE i
R
GE e e e B -
GCMWR _su v 7ty mar = 5 oan et i 5
GCR. gu . v vy "
GE Gy [ = = s ¥
GEC Dwr - Bl Jr
GETRED va by 0 et o
Gan: L -
GaHE 5
Gubenl
GiCom ..
GRW -
GTM vy
Har -~ o D ana
hoC - LI LR
HoCh - gl e A o
P = . B L et
LB P L L] - ot
HAB — " H F g %5
HIGR S ) .t 35FP
HWLWR - o e L Lom S - s -
E W
e - Tal .
Img - T
INB H 4 . R THTR 3 -
THRG PO
HITEC % s P " T e b o
i - ™= - - .
Iy# Boom . ™ B -
e F 2 utst P S
Joney - vANEA - e
45 - - . YER - B et e
[ O VN
VTR - -’ T - -
s . i Wedce
LV . .
WY - e - PR "o, . d
Lat [ Tuchry - Fadl e

NUCLEAR NEWS / AUGUST 1881




Student Statistics

FY 1958 - FY 196k

Angjo 2

COUNTRY

158

*o8

60 61 62 '63

6l

TOTAL

Argentina
Bolivia
Chile
Coclombia
Costa Rica
Cuba
Ecuador

El Salvador
Great Britain
Fuatemala
Haiti

India
Japan
Mexico
Nicaragua
Panama
Paraguay
Peru

Philippine Islands

Santo Domingo
South Africa
Spain
Uruguay
Venezuela

S =

1 PN HE L

[N S 2 B T |

H
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i oo
[ ATE Y = =

PR HWL W
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1
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FRWL LWL L

W W [ T el e N R I |
I WHEIL L HES e Paor P
tENL L FWEL FE L

LR H MW D VHENFWR~HHN
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MDA NNWHRDHFPFRDVIOA-1WH-I~H
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BRelrarel

Total Non-U.S. Citizens

U.5. Citizens

50

20

52

3

21 21 £ .3

T1 Th 161 161

»
176

169
687

TOTAL STUDENTS

29

72

906 95 1la2 197

211

856
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Table 4: PRNC Students by Country — FY 1958-FY 1976 "

{A student is counted once eath fiscal year he is in training!

1958-71 72 73 74 75 76 Total
Argentina 30 6 7 2 - 2 47 -
Bolivia 15 5 2 % 1 3 27
Brazil 1 = C 1 — - 2
Chile 3 1 1 1 - 27
Colombia 78 12 9 a 5 ] 118
Costa Rica 13 2 1 1 1 - 18
Cuba 14 - 2 6 - - 22
Dominican Republic 41 4 6 g 3 3 66
Ecuador 23 1 2 1 1 1 29
Et Salvador 9 - 2 1 - 1 13
Formosa 13 1 - - - - 14
Germany 2 - s a2 = — 2
Great Britain B = = = - - 5
Greece 3 - - - — - 3
Guatemala 9 - 1 3 1 - 15
Haiti 2 . — 2 = - 4
Honduras 1 - —- - - - 1
Hungary 1 - = - P - 1
India 10 1 2 2 1 — 16
Indonesia 4] 1 1 - — — 2
Israel 3 - - ] - - 4
Jamaica 1 2 - - —_ - 3
Japan 1 - — - - — 1
Kenya 4] - - - 1 - 1
Kares 2 1 - - - - 3
Lebanon 2 - — - - - 2
Liberia 3 - - - - - 3
Malay 4] - 1 —_ - - 1
Mexico 24 1 2 — - 1 28
Nicaragua 12 - 3 3 2 2 22
Panama 5 = 1 2 4 1 13
Paraguay 13 1 2 1 2 - 19
Peru 19 3 3 3 5 5 3g
Philippine Islands 6 - — - - - 6
South Africa 1 - - - - == 1
Spain 20 - - 1 2 - 23
Thailand 2 - - - = = 2
Turkey 1 - - o = - 1
United Arab Republic 1 - - - - - 1
Uruguay 12 2 2 - - - 16
Veneruels 38 5 2 2 2 4 53
Tota! Non-US Citizens 464 51 56 56 36 ki 694
Total US Citizens 1800 167 169 309 213 208 2866
Total Stwudents 2264 218 225 365 249 238 3560

* Total number of students trained at PRNC from its first year of operation FY-58 through FY-76.
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Table 3: Geographical Distribution of PRNC Students, FY 1970 through FY 1976.

Fiscal Years
Geographical Area 1970 1971 1972 1973 1974 1975 1976

South America 24 50 48 34 24 ril 22
Cantral America & Mexico 7 12 3 10 10 8 6
Caripbean 8 6 & 8 17 k] 3
Puerto Rico (LUSA) 141 10 155 164 297 189 192
Continental (USA) 5 g 12 5 13 24 16
Europe, Asia, Africa [y 2 4 4 a 4 a

190 185 228 225 265 249 239

O CEE o a2
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INTRODUCTION

The Puertc Rico Nuclear Center, founded in 1957, is operated under co...
ror the U. 8. Atomic Energy Commission by the University of Puerto Rico, whose
student body of 34,000{which has doubled in each of the past three decades)
makes i1t the island's largest university.

The Nuclear Center engages in training and research in the peaceful use of
nuclear =nergy, with special emphasis upon the needs of Puertc Rico and Latin
America. The idea for a nuclear center on this Caribbean island stemmed from
President Dwight D. Eisenhower's historic "Atoms for Peace"” address before the
United Nations General Assembly in 1953.

,"‘" .
~ " 8irce 1357, the NWuclear Center has grown rapidly. Its first year staff of
43 has multiplied to nearly X0, including 80 scientists, PRNC's student enroll-
ment last year was 236, four times the amount during its first year. About one-
sixth of i%ts 1,474 alumni are foreign nationals, from 18 Latin American republics
a3 well as cother naticns.

i e e smen L B

T‘e Center is small compared to major nuclear labs on the U. 5. mainland,
%5 modern facilities are excellent.

but 1

One of PRNC's two main facilities is at the University's Mayaguez campus
on the west coast, There, it has three reactors{cne pocl-type research reactor
and two training resctors), a subcritical assembly, a 14 MeV neutron generator,
neutron spectrometers, a laboratory for work with high- and low-level radio-
activity, a large gemma facility, a chemistry laboratory, and separate buildings
for plant sciences, nuclear engineering and marine biology. The marine biology
program has a 100-ton cceancgraphic research vessel, fully equipped with labora-
tory.

The other main facility is at the new Medical Center in Rio Piedras, on the
outskirts of San Juan. The Bio-Medical building in Rio Piedras is equipped for
research in several fields. Irradiation facilities include a cobalt-60 tele-
therepy unit, & 300 KVP X-ray therapy unit, and a cobalt-60 irradiator. 'An
animal house next door is stocked with colonies of mice and snails for experi-
mental use. A solid state physics laboratory is located at the University's
College of Natursl Sciences in Rio Pledras; terrestrial ecclogy laboratories
are located in the Luguillo National Forest.

The Nucleer Center's academic program is closely integrated with the Master
degree programs of the UPR in the physical and life sciences, agriculture and
engineering. Students enroll et the University and receive academic credit
through the corresponding University department. Their professors are scientists
who have joint appointments at both PRNC and the University. Inroads are also
being made at the doctoral level. New doctoral programs are now offered in
biochemistry, microbiology and physiology; proposals for programs in physical
sciences and chemistry ere under study.

PRNC also gives non-credit training courses. It provides facilities for
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SENIOR STAFF

Director’'s Office

lsmael Almodovar
Lawrence S. Ritchie
Frank G. Lowman

Victor A. Marcial
Marie Barton
William A. Pierce

Training and information

Frederick E. Rushford
Luis F. Baez-Melandez
Iraida Padovan:

Grace Quiiianes Seda

Administration and Services

Luis E. Boothby

Ramén Mumiz, Jr

Felipe Pérez Matos

Peter A. Willman

Pedro Vélez Mendoza
Nélida Banuchs de Gomez
Norma H. Rivera

Heana Acosta

Technical Services

Stephen H. Waish
Sigfredo Torres

Electronics Section
Henry L. Besselhievre
Carlos J. Laguer
Richard B. Hufty

Glasshiowing Sectian
Victor L. Lequerique

Mechanical Services
Nelson CQuinones
David Rodriguez Medina

Radiauon Oncology

Victor A. Marcial
Juan Reusche
José M. Tomé
Jeanrie Ubifas
Antonio Bosch
Zensida Frias

Nuciear Madicine

Aldo E. Lanaro

René C_ Dietrich
Asistides H. Sarmiento
Myrta Cancel de Pagan
Carmen C. de Villodes

» Terminated before June 30, 1976

Director
Director
Associate Director and

Assot. Dir.--Environmental Sciences
Assoc, Dir.—Medical Sciences
Executive Asst. to the Director

Tech. Asst. to the Director

Head

Technical Assoc. |-Reproduction

Assistant Librarian
Librarian

General Administrative Officer

Administrative Otficer 11
Administrative Associate 111
Scientist 1 [Computers}
Administrative Officer |
Administrative Officer |
Administrative Associate

Adm. Associate | {Personnel]

Head
Engineering Assocista |1

Head
Engineer |
Engineering Associate |}|

Scisntific Glassblower

Head {Mayaguez}
Head (Rio Piedras)

Head

Senior Scientist H
Senior Scientist |
Senior Scientist |
Senior Scientist |
Sciantific Associste 111

Head

Scientist (1

Scientist 11

Scientific Associata 11

Ressarch Associate | {Nursing}

Ph.D.
Ph.D.
MmD.

M.D.
B.5.
MECE

B.S.

B.S.
M.S.

B.S.A.
B.B.A.
B.B.A.
M.S.

AA,
AA.

B.5.

B.S.
A.Sci.

B.S.

M.D.
M.D.
M.D.
M.D.
M.D.
M.P.H.

M.D.
M.D.
M.D.

BS.

Carnegie-Melion University
Northwestern University
Univ. of Washington

Harvard University
New York University
Texas A, & M. University

Trinity College
University of Puerto Rico
University of Puerto Rico
Syracuse University

University of Puesrta Rico
University of Puerto Rico
University of Puerto Rico

Mass. Institute of Technology

University of Puerto Rico
University of Puerto Rico

immaculate Conception Acad.

Arce Lugo Business College

U.S. Naval Academy

Santiago de Campostela Univ.

University of Puarto Rico
Pierce Tochnical Institute
University of Puerto Rico

University of Puerto Rico

University of Puarto Rico
World University

Harvard University
University of San Marcos
Univarsity of Zeragoza
Univ. Auténoma de Mexico
Univ. Auténoma de Mexico
University of Michigan

University of Buenos Aires
Univ. Mayor de San Andrés
University of Buenos Aires
University of Pusrto Rico
Diaz School of Nursing

Anejo

Chemistry
Parmitology
Radiation Biology

Radiation Therapy
Business Administration
Civil Engineering

General Science
Electronics, Basic Studies

Library Science

Administration
Accounting

Business Administration
Mathematics

Business Adminsstration
Secretarial Science
Sacretarial Science
Commerce

Engineering
Pra-Medical Science

Physics
Electronics Technology
Electrical Enginecring

Mathematics

Mechanical Engineering
Surveying

Radistion Therapy
Radistion Therapy
Radiation Therapy
Radiation Therapy
Radiation Therapy
Bio-Statistics

Nuclear Medicine
Nuclear Madicine
Medicine
Zoology

Nursing




Medical Physics Section

» E. Theodore Agard
Jasé C. Pacheco
Cecilia Ramirez

Head
Research Associate I
Techrical Associate |

Bromedical Sciences--Human Ecology

Wittiam R. Jobin
Frederick F Ferguson
Jorge M. Chiriboga

*

Raymond A Brown
Julio 1. Colon
Deltin O, Delebn
Victor A. Lopez

E

»

Fétix Liard Berun

Jesus M. Cora Cora
Cruz Maria Nazarwo

Head

Senior Scientist [
Senior Scientist
Senmior Scientist |
Senior Scientist |
Sentor Scientist |
Senior Associste
Scientific Associate HI

Research Associate 1
Research Associate it

Environmental Sciences  Manine Ecology

Kenneth W. Watters
Jean Dhetsch

David H. Green
Thomas A. Smoyer

Marine Biology Section
+ Seppo E. Kolehmanen
Mario [} Banus
Dinkar P. Xharkar
Tin Mo
George A. Seighe
Mounrr T Moussa
Fauste Munoz Ribadeneira
* John A. Monigomery

Rosa Julia Santiago

-

»

-

-

Environmental Impact Studies
Michael J Canoy
fobert E. Munson
Ferne Galanta
* F Douglas Martin
Elwyn D. Wood
James D Parrish
T Robert Kendall
José A Suarer-Caabro
Ellsworth H Wheeler
* Marsh J. Younghiuth
» Paul Yosthwks

Byron Smith
* Helen Mo

Mary £ Nutt
* Marna Luisa Nazarwo
+ Roger Zimmerman
* Paul Davis

v

* Russell W. Davis
Joseph Kimmel

» Gary P Owen

~ Thomas Purcell

= Wilham Joseph Stuart
Vance P Vicente

* Nelson Acoste

+ Termunated before June 30, 1976

Head

Division Manager

Master, RMY “'R.F.Palumbo™
Photographer

Head

Scientist H
Screntist 11
Screntist |
Scientist |
Scientist |
Scientist 1

- Research Assoc. 111

Research Assoc, 1]

Head
Head

{ro 12/31/74)
[from 1/1/75)

Techmical Associate 111-Editorial

Scientist H

Scientist I

Seiantist H

Scientist |

Scientist |

Scientist |

Scientist 1

Scientist |

Semor Associate
Research Awsociate HI
Research Associate 111
Research Associats )
Research Associste |1}
Research Associne Il
Research Associste 11
Research Associate 11
Research Associate |
Research Associste 11
Ressarch Associata 11
Research Associate 1)
Research Associste |

Ph.D.
M5
B.S.

Sc.D.
Ph.D.
M.D.
Ph.D.
#h.D.
D.V.M,

B.5.
B.S.
MS.

Ph.D.

M.Ed.
B.S.

Ph.D.
Ph D,
Ph.D.
Ph.D.
M.S
Ph.D.
MS.
M.S.
M.S.

#h.D.
Ph.D.
B.S.
Ph.D.
Ph.D.
Ph.D.
Ph.D,
Ph.D.
Ph.D.
Ph.D.
Ph.D.
8.A,
M.S.
MS.
M.S.
M.S.
M.A,
MS,
Mm.S.
M.S.
M.S.
M.Sc.
M.S.
B.5.
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Urniversity of Toronto
University of Puerte Rico
Universty of Puerto Rico

Harvard University

University of Virginia
Unwersidad de San Marcos
Calfornia Inst. of Technology
Unwersity of Chicago

Unwv. of the Phitlipines
Inter-American University
University of Puerto Rico
University of Puerto Rico
Uriversity of Puerto Fuco

Unuwversity of Washington

U.S. Naval Academy
Pennsylvania State University

University of Tennessee
Mass. Institute of Technology
The Indian inst ot Science
Texas A & M tiniversity
University of Havana
Unwersity of Utah

University of Puerto Rico
Old Domunion University
University of Puerto Rico

University of North Carolina
University of Washington

Ball State University
University of Texas
University of Alaska
University of Rhode island
Nova University

Unwersity of Havana
University of Rhode Isiand
Stanford University

Seripps Inst. of Oceanography
Manchester College

Texas A & M University
University of New Hampshire
University of Puerto Rico
Texas A & M University

Cal. State College at Hayward
University of Puerto Rico
Old Dominion University
Seripps Inst. of Oceanography
Old Dominion University
University of Southampton
University of Puerto Rico
University of Puerte Rico

Medtcal Physics
Radiological Health
Biology

Hygmene

Parasitology
Medicine-Biochemistry
Phys. Chem. of Proteins
Microbiology
Veterimary Medicine
Microbiology

Electron Microscopy

Parasitology
Medical Physics

Fisheries

Engineering, Education
Biology. Bolany

Ecalogy

Phys Chem. Marine Zooplankton
Chemistry

Radwchermistry Chem Oceanography
Civil Engineering

Geology

Chem. and Nuclear Engineering
Chemical Oceanography

Health Physics

Zoology

Biological Oceanography
Politicat Science, Earth Sciences
Zoology
Oceanography
Oceanography
Oceanography
Zooplankton
Zooplankton

Marine Biology

Marine Biology
Physics-Mathematics
Bacteriology

Zoology

Biology -Entomology
Biology

Marine Biology

Marine Microbiology
lcthyology

Marine Biology
Phytoplankton
Physical Oceanography
Marine Microbiology
Biology




s Eugene Johnson

James Patus

Hilda Royas de Hernandez
« Trishe Smith

Research Associate |
Ressarch Associate [
Aesearch Associate |
Ressarch Associate |

Environmental Sciences- Terrestrial Ecology

Richard G. Clements
= George A. Drewry
Arthur McB. Block
Elvira Cuevas
Brent Holben
+ Fred La Caro
Josa A. Colon
Falix A. Santos

Tropical Agro-Seiencas

Francis K. S. Koo
José A. Ferrer-Vionge
* David W. Walker
Arthur Cedefio
« Shreekant N, Deshpanda
José Cuevas Ruaz
« Kenneth P. MacKay

« Julio A. Gonzalo
Mortimer |. Kay

« Rastko Maglic
Florencic Vasqua2

« Pior Paoto Delsanto

* Fedarico A. Herrero

¢ Rupert A. Lee
Ramar Shankar Singh

Head

Scientist I

Scientist |

Scientific Associate 111
Sciantific Associate 11
Scientific Associate 1|
Resaarch Associate 11
Resaarch Associate |

Haad

Senior Sciantist |
Senior Sciantist |
Scientist |

Sciantist |

Senior Associate
Rasearch Bssocwta If

Head

Senior Scientist |
Scientist {1
Sciantist 1|
Scientist |
Scientist |
Sciantist {
Scientist |

Nuclear Applications—Nuclear £ngingering

Donald S. Sasscer

* Aviva E, Gifead
Eddis Ortiz Muiliz
Néstor Azziz
Xnud G, Pedersan
Heriberto Plaza Rosado

Haalth and Satety

* Fernando A. Vallecillo

« Ramon E. Remirez Ledmma

* Roberto Ortiz Muiliz

* Mohyl E.M. Abu Zeid

+ Porfirio A, Toledo
Nimla Esther Irizerry

« Alice Ortiz de Caraballo
Nersida Torres de Cardons

Joint Rediaticn Survey Project

* Michael Gilsadi

+ Terminated bafors June 30, 1876

Head

Senior Scientist |
Senior Scientist |
Scientist 11
Scientist 1l
Sciantist 11

Acting Head

Consuitant, Madical Services
Senior Sclentist |

Scientist |

Scientific Associate IlI
Scientific Associate |
Russarch Associste §
Fumch Assistant |1

Scientist 1
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D.DS.
B.A.
BS.
B8.5.

Ph.D.
Ph.O.
Ph.D.
8.s.
M.5.
M.S.
B.S.
8.5

Ph.D.
Ph.D.
Ph.D,
Ph.D.
Ph.D.
M.5.
B.ChE.

Nuclear Applications—Nuclear Science and Technology) Materials Science

Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D,

Ph.D,
Ph.D.
Ph.D.
Ph.D,
Ph.D.
Ph.D.

BS.A.
M.D.
MSE,
Ph.D.
MS.
M.S,
8.5
R.N.

M.S,

University of Gregon
tndiana University
University of Maryland
University of Washington

University of Georgia
University of Texas
Rutgers University
University of Puertc Rico
Colorado State University
University of Puerto Rico
University of Puerto Rico
University of Puarto Rico

University of Minnssota
Louisiana State University
Washington State University
University of California

Purdue Univarsity

Univertity of Puarto Rico
Lawrence Institute of Technology

University of Madrid
University of Connecticut
Mass. institute of Technology
Univarsity of Madrid
University of Torino
Umivarsity of Flarida
University of London
University of Rhode Isiand

fowa State University

Petrus Pazmany University
Texas A & M University
Pennsylvanis State University
lowa State University
Pennsyivania Stats University

University of Puerto Rico
Southwestern Med. Collegs
University of Michigan
University of Tennesies
University of Pusrto Rico
University of Puerto Rico
Univeniity of Puerto Rico
San Lucas Hospital

University of Puerto Rico

Dentistry
Zoology
Zoology
Ocsanography

Agronaomy
Zoology

Physical Chemistry
Biology
Bioclimatology
Biology

Biology

Chemistry

Plant Genetics
Gernetics
Entomology
Plant Physiology
Food Technology
Biology
Metallurgy

Solid Stata Physics
Physical Chemistry
Physics

Electrical Engineering
Physics

Physics

Chemstry

Elactrical Enginsering

Nuclaar Enginesring
Phiysics
Physics
Physics
Nuclesr Enginsaring
Physics

Health Physics
General Madicine
Elactrical Engineering
Phyiics

Radiological Haalth
Radiological Hesith
Binlogy

Nursing

Sanitary Scienca
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»

Resctor Operstions

Richard Brown Campos
José €. Rivera-Guzman
Sergio [t Rodriguez
Miguel A Rodriguez
Juan Parer Muniz

Appied Physicat Sciances

José P.A. Castrition
Rafael Arce-Blanco
George A. Simpson
Rafael Arce Quintero
Manfred Eberhardt
Rosa Santana de Tirado
Bewzmida Castilla

L]

Terminated before June 30, 1976

Head

React. - Supervisor
Senior Reactor O erator
Chief isactor Opurator
React .- Operator

Head

Sciant st 1)

Scientist 1l

Scwent st |

Scient st |

Resea ch Associste i
Resea ch Associate |
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M.S.
B.5.

Ph.D.

M.A.

Ph.D.
Ph.D.
Ph.O.

MS.
e.s.

University of Puerto Rico
Unwversity of Puartc Rico
University of Puerto Rico
Puerto Rico Nuclear Center
Puerto Rico Nuclear Cemnter

Univarsity of Buenos Aires
Harvard Univarsity
University of Notre Damae
Unwversity of Wisconsin
Universitat Tubingen
University of Puerto Rico
University of Puerte Rico

Nucleer Technology
Physics

Engineering

Nuclear Reactor Operator
Nuclsar Reactor Operator

Organic Chamistry
Physics

Chemistry

Physical Chemistry
Organic Chemistry
Chemistry
Chemistry
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Table 4: PRNC Students by Country — FY 1958-FY 1976 *

{A stident is counted once sach fiscel vear he is in training}

1958-71 72 73

74 75’ 76 | Touwl
Arpentina 20 6 7 2 e 2 47 .
Balivia 15 5 2 1 1 -3 27
Brazil 1 =2 1 - = 2
Chile 73 1 1 1 1 - 27
Coiombia 78 12 g ] ] 5 118
Costa Rica 13 2 1 1 1 - 18
Cuba 14 - 2 ) - — 22
Dominican Republic 41 4 6 g 3 3 66
Ecuador 23 1 2 ] 1 1 29
E| Salvadot 9 - 2 1 - 1 13
F Ormoss 13 1 - - - - 14
Germany 2 - - - - - 2
Great Britain 5 — = - = = 5
Greace 3 = - — - - - 3
Guatemnals 9 - 1 3 1 - 15
Haiti 2 - = 2 - - 4
Honduras 1 - - - - - 1
Hungary 1 - _ - - 1
india 10 1 2 2 1 - 16
Indonasia 0 1 1 - — - 2
tsrael 3 - - 1 — - 4
Jamaica 1 2 — - — = 3
Japan 1 - - o - — 1
Kenya 0 - - - 1 - 1
Korea 2 1 — —_ - - 3
Lebanon 2 - — -— - - 2
Libarin | - = - - - 3
Malay 4] - 1 — - - 1
Mexito 24 1 2 - - 1 o]
Nicaragua 12 - 3 3 2 2 22
Panama 5 - 1 2 4 1 13
Paraguay 13 1 2 1 2 - 19
Peru 19 3 3 3 b 5 38
Philippineg islands 6 - — - — ]
South Africa 1 - — - - - 1
Spain 20 - - 1 -2 - 23
Thaitand 2 — - - — - 2
Turkey 1 — — — — - 1
tinited Arab Republic 1 == s s = g 1
Uruguay 12 2 2 - - - 16
Veneruels 38 5 2 2 2 4 53
Total Non-US Citizens 464 51 56 56 36 N 694
Total US Citizens 1800 167 169 309 213 208 2866
Tota! Students 2264 78 225 365 ! 249 239 3560

* Total number of students trained at PRNC from its first year of operation FY-58 through FY-76.

PO CEE TS
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SCIENTIFIC PAPERS PRESENTED BY PRNC STAFF

AT SCLENTIFIC MEETINGS

FY 1958 ------ 5 * FY 1968 ~----- 43
1959 ------ 8 1969 =~ 37
1960 ------ 11 1970 =—---- 32
1961 ==---- 22 1971 ------ L6
1962 -~---- 30 1972 =----- 42
1963 ------ 7 1973 ------ 20
1964 ------ 37 1974

------ 66 *x
1965 =------ 61 1975
1966 ——meme 76 1975

------ 28wk
1967 -----~ 73 1976

* 2 Oct. 1957 a 30 junio 1958

** 1 julio 1973 a 30 junio 1975 (PRNC-198)

* 1 julio 1975 a 30 sept. 1976 (CEER-A5)

Fuentes de Informacidn: PRNC 22, 47, 82, 102, 121, 131, 140, 144, 157, 165,
176 y 198; CEER-AS.

NOTA; PRNC 22 cubre el perfodo de 2 oct. 1957 a 30 de junio 1963.




SCYENTIFIC PUBLICATIONS BY PRNC STAFF

FY 1958 ------ 2 % FY 1968 --=we- 50
1888 = 4 1969 -----~- 62
1960 =----- 6 1970 =-===- 98
1961 ------ g 1971 ~----- 46
1962 ——memm 35 1932 —-rwsm 32
e e 11 1973 #amm== 57
1964  ------ 31 1974

______ 9] e
1965  ~ewu-- 70 1975
1966 ===w-- 60 1975

______ 50 et
1967 ~--=-- 52 1976

* 2 oct. 1957 a 30 junio 1958
*#* 1 julio 1973 a 30 junio 1975 (PRNC-198)

RN )
P}

1 julio 1975 a 30 sept. 1976 (CEER-AS)

Fuentes de !nformacién: PRNC 22, 47, 82, 102, 121, 131, 140, 144, 157, 165

176 y 198; y CEER- A5.

Nota: PRNC 22 cubre perfodoc de 2 oct. 1957 a 30 de junio 1973.
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'""The PRNC has been assigned the responsabilty for conducting a
program of scientific investigations in bicology, chesmistry, and physics
as part of the United States Atomic Energy Commission Atoms For Peace
Exhibit in Latin America. During 1965 the Exhibit was taken to El Sal-

vador and Guatemala under the auspices of the USAEC Division of Special

Projects.' PRNC-82

1965 ------ El salvador  ____ pryc-82
Guatemala

1966 ~==m=-= Costa Rica --—- PRNC-102
Nicaragua

1967 ----~- Panama --=- PRNC-121
Ecuador

1968 ~-==-- Venezuela —-—= PRNC-131
Argentina

1969 ~==w-- Brasil -——- RRNC-140

lt}
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UNITED STATES
ENERGY RESEARCH AND OEVELOPMENT ADMINISTRATION
WASHINGTON, 0.0 20545

April 11, 1976

ACTION MEMORANDUM 6108
T0: Administrator
FROM: Assiscant Administrator for Field Oparations

SUBJECT: REQUEST FOR ARPROVAL OF A CHANGE TN THE ARBANGEMENT WITH THE
ONIVERSITY OF PUERTO RICO (UPR)} FOR MANAGEMENT OF THE PUERTQ
RICO NUCLEAR CENTER (PRNC)

ISSUE

To determine the programmaric and ipstitutional future of the Puerto
Rico Nuclear Center facilities and recommend, if necessary, changes

to assure that the PRNC's future management and operation are consistent
with ERDA's programmatic requirements.

METHOD

An ERDA Task Force was appointed by the AFO at the request of the AAA
and AES to address the issue. A counterpart Puerto Rican Task Force

was appointed by the President, UPR, to cowplement the ERDA Task Force
effore (Enclosure l).

BACKGROUND

Funding

The PRNC was established in 1958, under the Atomg—-for-Peace program, to

train Latin American students In muclear medicipe and technology. Due

to funding restraints, the training and education pro 1 bas dipinished
er the years, /The anpual training budget (31.2 million in FY 76{1[?3

been used principally for basic operating support of the Center.  AAXK

Funding 6f thia activity is expected to decrease to refiect the decreasing

nuclear training needs at PRNC. JHowevVer, PRNC's research role has growm,
mainly with funds from AES (31.062 militon in FY 76) and sound expertise

has been developed in terrestrial ecology, tropical mearine biolo
tropical human ecologys AES support for the marime blology, terrestrial
ecology and Human ecology programs is expected to continue and may
increase slightly to pick up overhead costs previously carried in other
programs., Research in nuclear medicine and agriculture is oot a high

o
&

3
3

r 8
g 1910

eor CEEre-A-073
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PROGRAM COST SUMMARY
PUERTO RICO NUCLEAR CENTER
FY 1958 - FY 1976

S Training & Physical . BER Other Latin Work for Qthers Tow
Yasr Education Hasaarih Progrsmmatic Programmatic  American Feder.ll PRWRA Program
Program Research Research Exhihit Agencies & Mise, Costs

1958 $ M9000 S s S 3$ 5 S, $ 119,100
1959 376,700 376,700
1950 450,300 ’ 450,300
1961 754,509 750,509
1962 1.210,6¢6 58324 1,268,970
1963 1,181,042 28,845 217,847 1,437,734
1964 1,105,997 145,662 524,998 1277657
1985 1,121,262 170317 620,733 3,727 1,946,014
19%6 1,100 053 212,984 660,043 17,71 1b 54,023 3.365 2.048 190
1957 1,126,754 252,002 557,005 41,9860 €5,101 o 2,033,869
1368 1,225,275 272,355 $492.198 34.50gb $3,349 11,320 2,165 0G7
1959 1,277,309 270,331 597,456 12,2459 45,702 24,438 2,227 541
1970 1,342,719 274,028 671,394 33013 12.895 2334 049
"N 1.440,3024 195.001 571.003 420006 X .’ ‘S_OOO' 156,620 2,509,926
J972 1.201,535 32,308 573,110 52,000 > ’ 3712 315,457 2,503,632
1973 1,284,238 13,764 899,522 52,000¢ ;.‘7 Q 752,833 3033218
1974 1,200,582 35,057 761,438 10,000¢ { T2 0 1,390,589 3,397,646
1975 1,232,070 34,399 375,001, 2" » ¥ 51,560 1,463,995 3,762.625
1976~ 1,230,000 _ 1,062,000 3 _, 220,600 174,000 . 2,686,000

¥ includes $164.600 tor new reactor fuel and $1,275,702 for Training and Education activities,
b’MEC lsatopes Cevelopinant Program — lrradiation of Trophsi Foeds
SAEC.RRD contribunon to suppart of PRYIRA Power Fesctor Studies.

* Estimata 0“"
E | G 'Y-’;‘t/'
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PROPOSED FIVE YEAR (1982-86) PLAN

SUMMARY

The proposed five year plan (1982-86) for the development of
alternative energy sources is subdivided into thirteem (13) main
subject areas:

I. OTEC
11, Biomass
ITI. Bioconversion
IV. Fossil Fuels Research
V. Solar Program
V1. Ecology Programs
V11, Envirommental Health
VIII. Materials Development
IX. Integrated Technﬁlogical Assessment

X. Nuclear Program

XI. Transportation and Comservation
XII. Public Awareness
XIII. International Programs
Summary Table S-1 "Total Funding Requirements for Proposed Five
Year Plan" illustrates the funding level requirements for each sub-
ject program, Total funding requirements average out apbroximately $13.7
million per year.This is approximately 3-4 times the average level of

CEER funding existing during the last two or three years. Omne of the

om CEERL-A-88
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main reasons of the increase is that the proposed program budget reflects
costlier development and demonstration programs as compared with previous
less expensive programs addressed to develop baseline information data,

427 of the total budget goes toward "Development” and only 30% to Basic
Research. This last requirement is badly needed for development of addi-
tional baseline information. Demonstration programs account for 227 of the
Budget while training and education accounts for less than 6X. No meaning-
full energy program could be developed without a funding comparable to the
indicated in Summary Table S-1, OTEC is the largest budgeted program
(21.5%Z) followed by Biomass (19.4Z). Ecology which interfaces with several
of the energy programs ranks third in budgeting (18.6%) followed by

Solar (9.1%).

Summary Table S-2 "Total Program Personnel Distribution" illustrates
the total manpower requirements, by classifications for all programs. For
detail information on manpower requirements, per program see the corres-
ponding Table 2 under the respective program sectiom.

The total maximum projected personnel requirementa for the program
varies between 297-335. Present CEER total personnel is slightly under 200,
hence this indicates an approximate growth of 77% to handle all programs.
CEER feels that enough physical facilities are available. After deconta-

i wmination of the nuclear reactor facilities in Mayaguez, that additiomal
% available space in addition to that available at the Rio Piedras facility
g

' ,hould be able to accomodate the projected expansion.

b

Summary Table S-3 "Total Program Budget Distribution by Type of
“;GSearch, Development, Demonstration and Education and Training. The

e

i;‘rsest component as previously pointed out is 'Development". For details
wa

I s s : .
of Budget classification of a particular program refer to the corres-

'Ponding Table 3 in the respective section program,
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X-1

X. NUCLEAR PROGRAM

A. Nuclear Fusion Program

Nuclear fusion promises to be the ultimate and optimum solu-
tion of the energy problem for humanity. The first nuclear fusion
reactors will use tritium fuel. Approximately 85% of the energy in
this type of reaction is liberated in the form of I4MEV neutrons. Any
machine designed to harness the energy produced by this type of reac-
tion must convert the 14MEV neutronic energy into a manageable form,

The most commonly considered concept to harness the 14MEV

neutron energy in fusion reactors is by permitting the energy

to be deposited in a lithium blanket designed to breed the re-
quired tritium 107 and the heat generated in the blanket is
remcved by conventional heat exchanger technology to operate

a rankine cycle. This approach does not lend itself to the

generation of out reactor fuels.

Bydrogen production from water decomposition with 14MEV neutrons
is of particular interest in the harnessing of this fusion energy for

the generation of out reactors fuels. CEER has at its facilities in

Mayaguez a 150KEV proton accelerator and facility which produces 14MEV

neutrons in a target reaction which could be effectively used for this

purpose.
Existing experimental data on the conversion efficiencies of
radiolytic water decomposition indicate values of 10%. Some
experimental data indicate higher efficiencies (30 to 40%), but

these results are not fully understood and the researchers have




not been able to duplicate experimental results such as the
CIRENE reactor experiments. More important, however, there

is no data using l4MEV neutrons as a source, It is estimated
that 30-40% conversion efficencies in radiolytic decomposition
of water with 14MEV neutrons can result in acceptable hydrogen/
electricity production scemnarios.

CEER proposal of February 1977 entitled "Feasibility De-
sign Study Project for a 10CKWE Level Pilot Plant Fueled by
Hydrogen Produced by Direct Solar Heat' contains a detailed dis-
cussion of the most promising thermochemical cycles to that date.
The use of l4MEV neutrons in a thermochemical step can result in
eliminating incovenient high temperature steps of a particular
switable thermochemical cycle.

CEER has been in contact with KMS Fusion of Ann Arbor, Michigan
in an effort to establish such a program. KMS Fusion is willing to
develop a joint effort with CEER in this area. In addition, CEER per-
sonne! will maintain itself abreast of the new developments inm Fusion
Technology by attending seminars, symposia, reading the.literature and
holding occasional local lecturés.

B. Nuclear Fission Program

In the field of nuclear fission CEER proposes to monitor and
transfer technological information from the national laboratories to
interested CEER/UPR, P. R. industry and Latin American countries inte-
rested personnel. Distinguished investigators and professors will be

invited from rime to time to present findings and developments to CEER




personnel. CEER personnel will attend national meetings, conferences,
symposia, etc.
TablesXI-1 through XI~4 illustrate the funding and effort

scheduled.




TABLE X-1

NUCLEAR PROGRAM

BUDGET (In Thousands $)

82

A. HNuclear Fusion Program 60

B. Nuclear Fission Program )

TOTAL 65
TABLE X-2

83

75

5

80

NUCLEAR PROGRAM
BUDGET - PROGRAM PERSONNEL DISTRIBUTION

82
Nuclear Program
Scientific Staff 1
Technical Staff .5
Administrative Staff .1
TABLE X-3

Lo

NUCLEAR PROGRAM
TYPE OF RESEARCH

82
Nuclear Yrogram
Basic Research 60
Development
Bemonstration
Education & Training 5

75

|en

85 86 Total
100 100 410
5 5 25
105 105 435
8 86
1.25  1.25
1 .1
.5 .5
85 86 Total
100 100 410
5 s 25




X-5

TABLE ¥X-4

NUCLEAR PROGRAM

Personnel

Equipment & Materials
Services

TOTALS

83

45

35

80

70

30

fn

105

70

30

105

Total
275

145

435




INTEGRATED PROGRAM PLAN. FOR UPR/CEER
FY 1980 AND FY 1981

Introduction

The Council of Higher Education authorized the establishment of
CEER effective July 1, 1976 after a one year succesful negotiation
with ERDA (now DOE). The negotiations with ERDA (now DOE) were sum—
marized in an action memorandum dated April 11, 1976, The establish-
ment of CEER phased out the operation of the P. R. Nuclear Center (PRNC)
which had been in operation since 1957. This change was a result of
the new needs to focus on the changing world energy situation,

A document was prepared in April 1977 entitled "Integrated Program
Plan for UPR/CEER FY 1977-82". It consisted of a S0 pages plus five
appendixes entitled: (I) Biomass Research, (II) Solar Research,

{IL1) Solar Materials Research, (IV)} Conservation Research, and (V) Bio-

conversion Research . This document was to serve as a guide for energy .

and research programs for the recently established CEER organization.

The programs described in the above document and the funding and
budget allocations have undergone changes and revisions., These changes
and revisions are the result of the natural development process of re-
search findings, budget restrictions, time schedule restrictions, person-
nel availability, newly set priorities, etc. This document revises the

original Integrated Program Plan, establishing new plans for the FY 1980

and FY 1981,

Feor CEIRT A-¢3




CEER Organizatiom:

The original organization chart of CEER indicated four main Di-
visions: (a) Base Programs, (b) Biowedical Research, (c) Environmen-
tal Research and (d) Energy Research., In addition to the above Divisions
there were five adminiatrative wunits attached to the Center's Director's
Office: (a) BHealth and Safety, (b) Training and Educatiom, (c) Adminis-
tration and Services, (d) Technical Services and (e) Facility Déconta—
mination.

Various organizational changes have occurred during the period
mainly due to program reorientatiom, bundget réstrictions, personnel
availabilitry, ete.

Figure 1 is the present CEER organization chart. As can be seen
in Figure 1, there are five main Divisions as follows: a) Solar;—

b) OTEC; | . Envirdnneutal Sciences Comprising ¢) Mar;;e Ecolegy,

d) ‘Terrestrial Bcology; and e) Biomass, There are five administrative
units attached to the Director's Office: a) Energy Assessment and Ana-
lyesia; Bb) Publie Mare;n;ss; e) Library; d) Adninistrat;::n and Support

Services, and ¢) .Health and Safefy.

Budget Restrictiomns

The greatest changss ocurring in the original programs are mainly
due to Budget Restrictioms.
Table 1 "Federal Funding" promised for CRER/UPR Transition Period"

shows the funding assignments contained in the referenced April 11,1976

ERDA (DOE) Action Memorandum. The dollars indicated in Table I are FY




119'860°¢€S

000008 §

I P

795'95°¢S

o%e'ng
g3%R° 223
061921

A [}
g20°0

~
™4
r~
W
e

(0T 66T
pontints

S1E10L

051'8LY

oeT'azE 18

0S1°4L¢

000° 0%

000* 191
000°681
IR
GO0 sLe
000°GL

00008 &

Y X1aNAddV A¥VIGINS

000°008% 000°s2Ls CBY'ELGS 976 6Y13
000 °008$% 000°67L% gy Lics 976 691L$
— - g spnmen,
0570z s ~no- e
008°L61 950601 v0L 68 TN
00§ ‘%€ 0sz Ll 00v° Tt e s
e 00£°sT 969°81 AR
095801 o%z ze €01z L
00%SET 56/°¢! e e
a0t 9y SETT0S 766° L% 0516
055" ZR! 0B9‘igl 0L 6ET 6.8 T
00% * v¢ 666 '68 309°66 i
ocotony $ SHerOE § AR R TR 678721 8
08, X4 64, Ad G Al N
Furpung
18, A4 HINOMHDL L/ Ad
SWVHI0Nd TIYLNARAQTAANY GNY IVNOLLNLILYSND Y330
EREREAAE
] { ¢ ‘ ‘

STV1OL

6§61 ‘1z "3ny jo 193391 suaydaig
g 'y -1y aad se saiewrigs Futuuerd
400 3227321 o3 jusmisnipe sso]

TVIOL 9NS

giuswisnipy pue saZuBYd-paAlasay
SYaHLO0

SISATVNV ADYINA

HO¥VAS3HE STENd TISSCd

HITYIR TVINIGWNOYIANI
NOTSHIANDOOTH

NOILVAYISNOD ADHINT

qv10s
J410
SSVYROId
weidoag 3o=[qng
| 4 §



@ gggy o3 peasnlpe 81 198
ut apew uoy3dalerd syl

A%c{023 puw au

1a7ony ‘4BoToouQ UOTIBIPEY
N !

tago [eIlaua® snorlea pue 'EBINOTIIT) BUTJesUT3UZ JBAlINN

t

“6i61 ‘1z 3snSny paiep 1931331 suaydais "I pleysid
¢ wiod 3193png} guotisaload 338png 6761 [T

"Butpuny gyo pastwoad st umoys aanBr) ayg

pnq Te30l YL

-y x1puaddy 1ad sE w QOCI$ ST 1860 Ad L0J suol

(z'oz!l

‘300 Aq pRpracad s331wullise mcﬂcaqﬂmﬁ

9)

‘000 (1s¢ Poivanbas grel1 (Tady vy pailraqns z Q71§ m1oj 13BpNY ¥AUD
‘0867 Ad 197 C00'09Z¢ 91 PIPH -1q £q pauBis ‘g/pl J2qUBACN FO 13113| U1 VU0 £q peuBtsse jafpnq uoyliFUtwWEIUOIAP »ouunﬂho:ahmv

‘000" LT1'1% 81 suorIdafoad (6761 T1ady} WRAD UL

)

‘1W 13d SB UOCTIBIDIT LOPUBIUT JOg 0TI AN
1dy oy1 sopesiadns oggl Kienuel
10alo1d weifoag juswdolsasq pue [FUCTINITISY]

(€)

372 *saping 1aunsuon ‘luswafeury 218eM priog ‘iajsuvil Ldofouydsy tgaaT1vadeaay
pur spelusmepung K¥asug ‘sdoysviop £81aug 1erog *‘juswdolessg wninottiny A3usug papnioul spunj [EUOCIIEBONPY puP maﬂ:wmuwﬁwv

-peayisac (eiauad 01 peufisse ses spunj suweafoid asayl jo 2adejuadied y

-sge1fozd

*iBo[oog uewmp ‘sacuaidg olBy TEd1dei) UIDIPAK

‘fajeg pur yI[Pal 'SOUILNS S[ELIBIBW Papnoul G, Ad Jo se palevTurfae ‘sweiloilg iioddng wmunﬁﬁu

S§T6v9L

0°gcg
nTEQS
LA

(2

G 6607

-~ O
)
R} [«]
(=]
e~

Do N a1
~3
—

-
Ligd
w0

7 09¢
(1R

G'6Es
0°sLy
0°sy

0°got

08 Ad

G 00sE

oo
.
LAl
SR o
~-
-

e

0s
940z
SE16l
L gre
% '82
nraLe
6727
7°68%

082t
€681
L7091

6L Ad

1°2L0¢

g 758
v 91
5689

S ELs
A
0 0%s

g. xd

G7E9te

| "LBS
7°¢8
5108

L6 Ad

o jo spupenoyl)

TAdwaH 1¥L0L JISTANRE

3 ' w\‘w WY

L35ang TVIOL

aATI13adws) (Tio}
gicsuodg 12410
paiosuodg-10q

sweiBo1g saTiTiadmon

(ffg) 27UBT113AING 1uU¥TE IBSTINN s$nuog
(m4) uBFIBUTLEALOIAQ 1030BIY

1¥nddns 304 TVIOL
JUSTWUCITANT [®I034NG
Nied YDI1EIEY TRIVWILOITAUZ

K807023 18T1182133]
adueuajuIey pue 3loddng jwog BuUBIING
§2IpNI§ UOTINTIO] JUTITH
Y>1e28ay [TIUITUOITAUF
(v x1puaddy 3ag) TPUOTINITISU] pue 1e1uandoTeaaq

votieonpy puw Bulutea]

supi13o1g ioddng aseg

e ———



Aneqjo 14 FPRWHALCNEC 5
Rev. O
2/1/62

guestions vnenswerad,
fuel elements and o
v 1o show inet

and safesy of ib

integrity of ihe superheater
Lt nAation oi the turbine. Tt will be
= custions do mot cause a hazard to

-odaind

“earing was held in San Juan,
£ this hearing, an intere
wy the Presiding Officer,
o Hico Water Hesources

%, Docket No. PP=4. The

Y1, Constructio
itne nronosed nucles:

e -
Lrache

is authorized "“r the erecticn to completion of
; vrild ‘onm facility described in the cone

and among the United Siates
bFE

ATomic Fnergy ; '~:i Y ?;; to 1o Water Rescurces futhority, General
i ar Enpinseri orporation, Maxon Construction Company and in
accordence 71T e Hanards Sumnsry Heport, which are a part of the

sicnal to the extent

et 1 not be issued by the
1t a “Lhe“ public hearing which
e suthorization, The Final
f whic j be submitied and evaluated
”cmnusd_gl shall find that the final design,

perneater, and data developed from the specified

rimental programs, incluﬁing the integrity of the
nrovide reasonsble assurance that the health and
'Ll not be &udmnge:fd and that the coperation of
inimizal o the common defense and security as
sy Act, as amended,

5

2T

* ;‘_].
JTJ
W

~0ﬂ taimment ﬁﬁxu

zafety ﬂf the

whe fegility wi
Pred by the

Teq:

LT

gy

S

he)

shall be made of nuclear fuel for the proposed
nuclear reac 0T 5 ieility until furiher hearing and determi-
naticn by the Cox 1SQLGD; which shall he held regpecting operating
authorization alter the coupleticn of the consiruciion of this facility.

Mo EXeeD
by July 18, 195
20, 1960, and the Commission does not initiate a2 review on its own
motion, and no excepiions are filed, this decision shall, in accordance
with the Comrission's Rules of Practice, become final on July 19, 1960."

ions, if any, and brizf in support thereof must be filed

1i
50; vriefs in cppesition thereto shall be filed by July
if

There being no exceptions filed, the above decision became final on
July 19, 1960, P

-




FREFACE

S . BONLUS Nuclear Power Station located near Rincon, on the western

-¢ ¥,erto Rico, is owned jointly by the United States Atomic Energy
¢rooiguion arnd the Puerto Rico Water Resources Autherity (PRWRA). The
¢+, ~.p ard inizlal operation of the reactor and plant have been con-

i, s unler Jperating Authorizaticn No. DPRA-L, issued Jointly to

. Zsnion Inelinesering, The . TOEND), and PRWRA, with the responsibility

¢ tye direcnion of plant operatisns and activities assigned to CEND.
:

moe BONL reactor is of the light water boiling type with integral

, ) - o omen ; ot
cemertent anlois rated 50 Mwlo) at 979 psig and 9CQ7F. Superheated steam
gecesaned in the sugerheater fuel zone of the reactsr core 1s supplied

diresn.y to the 17,300 kw turbtine generator in a steam/feedwater cycle
whi~n features regenerative nesating of the leedwater to 3547F prior to

+

4t reLarn o the reactor,

Tre BONUS reactior achieved init:al eriticality on April 13, 196h ,
with B core i 36 of the eventual total of 64 boiler fuel
assumtlies. r 15, :965, the startup phase of BONUS cperations

e susnesstul conclusion of & full power demonstration
i tar was operated with its full complement of fuel at
desfgn thermst conditions and the power generation eguipment delivered
appraximately 35 percent of generator capactity to the grid.

I

intervening time, a reiatively large number of core configu-
fa tested end anaiyzed to estabiish their nuclear, thermal, and
o sueteristics.  The core configurations studied under cold
cr

eriment conditions were the following:
5 boiler assembly without boiler shims

€ x © boiler assambly with boilter shims

8 x 8 boiler assembly with bo:ier shims

Reduced BONLUS core

Full BONUS core

In addition to these co:d experiments, ex*ensive tests under hot operating
prwer conditions were conducted on the 8 x 8 boiler core, the reduced
t2--element) superheater core and the full BONUS core to evaluate their
nuclear control and thermsl characrteristics during steady-state and tran-
8lent operating modes. The seguence of the erperiments conducted and
other milestones of BONUS operation are presented in the chronological
bBislory tabulated below.

The experiments described ir this report represent the preoperational
Bnalysis program defined in Modification No. 16 to Contract AT(40-1)-267L.
The report has been prepared in fulfillment of the requirements of Modifi-
cation No. 16 and in order to provide giidance to the Puerto Rico Water
Resources Authority for subseguent plant operation.




Report,

e’ pgn details of the BONUS reacior and plant have been

ather BONUS documents, wamely. the Final Hazards

RA.GKEC-5; ohe Teohnical Specifications; the Firal

Summary Design Report, PRWHA-GNBC-G: and the Stariup Summary report,

Lﬂ&JrU“NRA—{

August
x September 15

)< Seprenter 20
November §-10

Novembper 10 -
December 9
¥ December 19

rretsirb d

iittle descripiive muiter relating 1o deslgn espects has
this report. It is assumed that the reader iz ac-
ted with +HP ROLGE reactor and its plant systems.

CHRONCLOGICAL HISTORY OF BONUS OPERATION

ipading of 6 <« 6 boiler fuel

HFTETSRL1EY with 6 x 6 unshimmed boiler core
hot +ritical experiments at zero power with

e to rmeasure nuclear characterisiics

critical experiments in preparation for power

operation with boller core

Fower oporation with boliler core

ectrical generation during test operation of
turtine generator with saturated steam

Powsr ops=ration with toiler core up Lo a maximum of
30 Mwlt)

Hot critieal experiments and reduced power operation
{% Mw) with full core

tart of cold critical experiments on the reduced,
L-superheater assembly core
art of power operation with reduced core
irst electrical gereration utilizing superheated
eam witn reduced core

% mum steady-state power of 40 Mw(t),
with reduced core reacied
Full core criticals and reactor power to 10 Mw(t)
Fu'i 50 Mwlt) reactor power level with all reactor
steam bypnassed to condenser
Tursine loaded to 16 Mw(e)
Reactor sverload test at 55 Mw(t) and generator maxi-
mum capability of 19.1 Mw(e) (gross)

Full pow-r demonstration run, 9965 Mw(e)-hr

7.5 Mw(e)

Cempletion of startup period




1. INTRODUCTION

1.1 PROGRAM OBJECTIVES

The AEC and the PRWRA had agreed to terminate operation of the BONUS
reactor facility and to decommission the plant. The type of decommissioning

selected includes such Key features as:

1 Removal from the site of all special nuclear materials

and certain highly activated components such as the control

rods and shims,

2. In-place ‘‘entombment’’ of the pressure vessel and associated

internal components within the biological shield.

3. Decontamination of the contaminated systems external to

the entombment boundary so that they may be leff in place.

The decommissioned plant was to be left in a condition where radiation and
contamination levels were sufficiently low to allow for unrestricted access by
members of the general public when the facility was open to the public. This
goal is particularly important since the facility is to be used as an exhibition

center for a number of years immediately following decommissioning.

1.2 PROGRAM APPROVAL

On May 26, 1963, PRWRA requested authorization from the AEC, Division
of Reactor Licensing, to dismantle the BONUS Reactor. On August 11, 1969, DRL




issued the order authcrizing dismantling of (the BONUS) facility (Reference 1).

This order included the following stipulations:

1. Dismantling of the facility shall be in accordance with the

PRWRA application of May 26, 1869, and the Decommis-

sioning Plan (Reference 2) submitted therewith,

2. After completion of the dismantling and decontamination

of the facility, PRWRA shall submit a report describing

the condition cf the femaining structure and the post-de-

commissioning surveillance program.

3. A post-decommissioning inspection will be made by repre-

sentatives of the Commission,

1.3 PROGRAM SUMMARY

1.3.1 End Product Description

The total radioactive inventory remaining in the decommissioned BONUS

plant is 54,284 curies (C). Of this 13.3 millicuries (mC) are contained in the

form of scale, in piping and components external to the entombment system,

the remainder is contained within the entombment system. The inventory, as a

function of time, is as {ollows:

Entombment System

Date

Initial (Aug. 1968)

50 yr (year 2018)
140 yr (year 2108}

Total C

54,284

600
296

Major Nuclides, %

Fe’(63), Co®(29), Co®(4), Mn%4(2),
Ni®3(2)

Nif3(96), Co®(4)
Ni%(100), co¥(<1)




BONUS NUCLEAR POWER FACILITY
Decommissioned 1970

Entombed in this structure are radioactive materials which
could be hazardous if exposed. Entry is prohibited without
specific authorization from appropriate officials of the Com-
monwealth of Puerto Rico, I the structure is breached, va-
cate the premises promptly and notify the Public Health De-
partment of the Commonwealth of Puerto Rico immediately.

A capsule containing drawings and technical data relative to
this facility is buried in the structure. Its location and a de-
scription of its contents may be [ound in the records of the
Puerto Rico Water Resources Authority, Main Office, at San
Juan, Puerto Rico.

6.9.3 Main Floor Reading Level

A plague containing the following text, in English and Spanish, will be set

in the concrete surface at the main floor reading level,

BONUS NUCLEAR POWER FACILITY

CONSTRUCTED AND OPERATED JOINTLY BY THE PUERTO
RICO WATER RESOURCES AUTHORITY AND THE U. S, ATOM-
IC ENERGY COMMISSION TO DEMONSTRATE THE TECHNOL-
OGY OF BOILING WATER-NUCLEAR SUPERHEAT. IT AC-
COMPLISHED ITS OBJECTIVE AND WAS DECOMMISSIONED
IN 1970,

Entombed in this structure are radioactive materials which
could be hazardous if exposed. Entry is prohibited without
specific authorization from appropriate officials of the Com-~
monwealth of Puerto Rico. If the structure is breached, va-
cate the premises promptly and notify the Public Health De-
partment of the Commonwealth of Puerto Rico immediately.

A capsule containing drawings and technical data relative to
this facility is buried in the structure. Its location and a de-
scription of its contents may be found in the records of the

Puerto Rico Water Resources Authority, Main Qffice, at San
Juzn, Puerto Rico,
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i manoslthe Tortuguero slie nren ond ene published In 196Gk shewing

the dictribalion o fmolts wi'hin Lhe Ins Forud,

—

Tueste eo ic in av active selsmic zone, has teen subjecied to earth.
nnked o magritude 7.5, and contains many west to northwest-frending
ultes and Tault zmmes.  Without detailed field investigations it ig
oseivle to-determine whether the many faults which are shown on the
“. man have dlgplaced depesits considered to be Pleistocene or Recentg
{Hnt iess than 500,000 years old). With Puerto Rico in sn asctive

0 zone, 1t 15 recommended that considerably more detailed geologin
information te sulmitted Ly the applicant before any decision i made
on the suitability of the three proposed sites. IDven with this, =
field study may be necesoary,

ortuguerc) on the north coast of Puerto Rico lies just north
trat has heen projected through the area and possibily

very young deposits (Recent). The vroposed site location
zin ry thick limestone teds +hat ~haracteristically contain
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in an area Tor which detailed
Gerleogical survey personnel.,
foexiet In thic area, i.e.,
-

northw i !
2how effects of 1
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te e wresent

the site arca
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i 'Im;--f‘upur-g-m
L denevd e el i el e e

o,

ol a rone 'nvcra1
Apperentic;

young as
zhown on

K A and B, Again, the delailesd
T LTI wree s o0 e oarern s avgi? ‘1 1o, »nd shonld bo thoroughly
Todd s pevhe s conplemen vl by -\d investignllonm fape

e T TR B B pon B el Bae o, e i'..w:::‘r, Lopography, choroclorinl e
cU e merth ceons by bs precent o along L soulh cnast, Tlhough 1L in
aryerent ban ned Choreophl s developed heroe,

In gwmary, the fvllowing comments zre pertinent in considering

taese sites Irr nuclear nower reactors:

ig in a seismically active area; the island

niitted several times 3ince Oligonene time, some

, Vovears ogo, and In some areas--especially ine
Avthwent part--deposits may have been disploeed in fle

7‘-:1;;1‘ 10,000 vears by Fanlts that sccompanied earthenukes,

To A Karst Lomogroaphy nlong Lhe north and sonth coasts off the
islend will precent some unique exploration and construction
nrovlems,

2. Tre hyderleogy of the three sites probably does not present
pronlems., .
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which aie not expected 1o be a problem. wuee the caleu-

Tated concentrstions from the plant are o

nont twenty-fve

percent of the aimhient air quality standards, Nudioar

prlants Lave no cembustion products. The carefully

ronitored and centrolled radicactive gas ¢ffluents from

the nuclear reaciors are considerzbly below biologic

Jamage thresholds so that no effecis are expected from

their cootinuous operation.

tad

Large <hipiments of fuel 0l have to be made frequently

with seme spiliage risks in contrast with the infrequent and

seciure compact shipments of puclear fuel.

4. Architectural aesthetics, including the presence of high

stacks, favor the naclear plant,

rh

iy osimilaily sized nuclear plant.

Sobse levels ina fossil plant are sigmiheanily higher than

Add e these points the fact that nucledr power brings one

more kind of dependable power to enforee the

eleciricity on the dand of Puerto Rico. Singe i

reliabaity of
he Islund 15 <olely

dependent onoits own resources, ondan the event of an inter-

national crisis, the rehubility of & power plant opcrating on a

“long durction” tuel Hke nuctear fuel, is immeasurshle.

TABLE X-9
FINANCIAL SUMMARY

. B0J MWe Nuciear Plant Estimated Cost

. 600 ItWe Fossil Plant Estimated Cost

. Net Capital Cost {Nuclear less oil-fired)

. Annual Net Cash Savings (Nuclear less oil-fired}
. Life of Project (1975 through 2013)

 Present Vatue of Annual Cash Savings:

_at B%

L8t 10%

.at12%

. at 15%

h N D oW N -

ocao®epP

7. Payback

$175 milhon

390  millien

S85  million

$18.6 million
38 years

$220.0 million

$181.0 milhian

$153.0 million

$123.0 million
4 56 years

In conclusion, nuclear plants will vield their optimum

economic benelits in Puerto Rico when operated as base load units,

close to full power capacity. Since seasonal and daily variations in

power decand must Be met, fosdl-fired plants must be used to

account for such varizions more veonomically.

A balanced net-

work between fossil and nuclesr plants is then the ideal combination

ta provide the needed power at the lesst cost 1o the consumers.

G. SELECTION OF PLANT S1TE

Nexton the Bonetit-Cost Dedision Process flow sheet is the

selection of the plantsite In retrospect this was done in the mid

Ly

givties. At ilial
sffioently 1,
capacity svel:

nuw stte.

Several »
be suitable no
Teams of engi
prepared deta
seismology, I
ransportation
of the arcas, 1
VErious sites ¢

After pre
were held witl
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Rico Planning
pertinent info

The Punt
but was later
future load o
necessary for -
limited access

For the ®
done, and the
extensive stud
Environment=
which conside
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of resources -
the study 1sv:
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that gascous .
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configuration
be a problem
development
higher {or the
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S b eperated as base load units,
womaland daily vanations in
e tead plants st be vsed to
tiicely. A balanced net-
"o toasthen the ideal combination

SNt 1o the conauiners.

23 Proccas few sheet s the

Prhiswas dogie in the mid

sixties, AT et Ume existing pewer plunt sites were not felt to he

Nt Tt izt oee conugh for the sddinon of muior power plant

1

spaciy siviems Comsegueniiyv, the deosien was made 10 selegt 3

New sate,

Several studies were conducled on pessible sites that would
be wiitable not only for fossil but nuclear power plants as well,

i B

Foars ol o 3

iiveers #nd egronomists visited eich of these dtes ang
caied Goced deseniptions of pertinent factors including peclagy

seiinology. vdroterys agronomy. demography, meteorology -

ponportaion facilities and the financial and secioeconomic sty

of the aress. Table X 10 ~hows the nhvsical churacteristics of the

s Siles conargered.

After preliminary information was obtained, several meetings
woere beld with vonons Conunonwealth seencies. Fach of the
proposed sites was Turther discessed with members of the Puerto
Rico Planming Board and Federal arencies in order to obtain
pertinent information regerding the suitability for a nuclear plant.

The Punta Higuera Site was one of the first 1o be considered,

ey

but was foter discarded mainly because of its remoteness from

future toud centers; its lack of adequate harbor facilities. which are
noecessary for the delivery of fuel and auxiliary equipment: and the
limited accessibility of the site.

For the Yabucou site a physical and economic analysis was

done, und the Economic Development Administration made an
exiensive study called *Yabucoa Report-Base Line Studies for
Envirommental Conservation in Industrial Area Development”,
which corxidered the wmnpact of industries on the ecology and
sovioeconuiny of the Yabucea Valley. The study makes an inventon
of resources and an appraisal of envivonmental changes. Specificully
the study i very much concerned shout air pollution in the Yabuvna
Vuliey. Preliminary atimospheric stadies established the possihiiny
that guseous emissions from Tossil-fired units would be blown over
Yabucoa and nearby areas creating a smog problem. Terrain
configuration and provailing winds scem to indicate that this could
be a problem area. In addition, the PRWRA concluded that the site
doevelopment cost for the first two units would be some §5.000.000
hishier for the Yabucoa site thun the Acuirre Site.

The Tortuguero site was not considered a prime contender.

since the Commonw calth was vitally interested in establishing a new

power compley in g socicconomically more depressed locale.
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In the Guavanillz area plans were already in effect for power

addirion for that arza, and from a power saturation standpoint, was
net considered 1o be a prime candidate. One advantage of this site

is that it appeuts to be one of the best areus seismically on the Island.

After considering the proposed sites. the PRWRA selected

Agiarre as the best site, which would be suiiable for cither fossil

or nuclear power planis. There was no outstanding disadvantags
16 fhe site. And. the Puerto Rico Planning Board was encouraging
i osirial development away from the San Juan metropolitan area
te the soutitern part of the slend ie.. to an area such as the

Gy oma subregion.

The benefits on which the present decision was based to
lovare the Power Plant Complex at the Aguiree Site were:

cunsiny

AR

. This is the best site for the

generaling complex consin

and nucizar units. X
ownod O

2. The existing plant site. ‘
under development for rost
mininium impact on = @@y '
effects as comparsd with phe v
new site efsewhere. e

3. The aren is prosently duprvia

. _ _ n
tor future industrial gres th e
i Jted 47
4. The area is spursely populil

metropolitan ared. s 5

R
or IO

5. There s 1 protected LT

willer.
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Hon. Ramba Cearelfa Santiogo
Presidente  Junta de Pluanliicceibn
Aoevindo 9247

Sonturce, Cucrio Rico 0I713

Azrociado Moncho:
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Re: Central Termonuclear Tortugucro
Carlcs de: 17 da septiembie de 1743

4 de junio de 19065

21 de junio de 1705

7 de marzo de 1995

—7l de ccluore de 905

Esta Autorided sometis o o Junto do Flanificacién con fecha 1?9
de seotiembre ce 1985 una consulta de ubicacidn pero fu Cealal Termonuclear

al voste de le Loouna Tortuyuero on la municipolidad de Naonatl.

En nuestra

comunicocion de 14 de junio de 1965 dimos més informecidn o la Junta scbre
¢! proyecto termonuciear 6o Tortuguere e insistinos scbre la nccesidad do wtiti-

zar cstos tarrenos para estos propdsitos.

En la comunicaecion de Zl de junio de

1945 traremitimos o esa Honorable Junta infcrmacidn relotiva @ estudios dol sub-

suclo.

Con facho del 7 da morzo de 1965 zometimos o esa Hoporable Junto

los plonos de mensuro da los fincas concernicas y solicitamos aprobacién do la

Junta pora o aucuisicion do ostos terrencs.

En nuestra comunicacion del il de

octubre de 1766 volvimos a notificar ¢ o Junta que la Auleridad coniinua con-
slderando sericmunta los terrcnos de Tortuguero para el estoblecimiento de vna

centrol termonuciear.

El 21 de noviembre de 1765 se celebsd vna vista pdblica en el Mu-

nlcioio do Monotl en relocitn o la vkicocidén de este proyecto.
L] . y

La Autoriced

deseribis y expuso ¢l proyecto, contestd preguntas, y oib infesis score la segu-

ridad de este tino de imstolucién,

En aicha vista plblice no huwo gran ¢ausi-

clén, pero ef Alcalde, Hon. Jooquin Rosa, pidid que se diera la cportunic.xd
¢ P r P ;

de una sagunca vista pitlica.
fabrero e 1767 e los 7:20 P.AA

Eslo segunca vista plblica se fijs para ¢l 27 ce
En dicha viste poblica ua cruno cpusiter of

proyecto presantd a un fal Adolpn J. Ackermon de hadison, v.iscomin como su

comsulter en estos asuntos nuclearss.

Cado que es costumbre de todos los inuivie

dua que se oponen af cstctlecimiento de las contrales nuciceres arrojor cuccs




‘2-

sobra lo sejuridod do edte tino de instulacionss, deseamcs truer a la otencién
de esta ricnorutle Junte informacin pertinenie a ests aspesto.

El 24 de Junio do 1765 e} 51, Ackerman presentd testimonio ante
el Conité Congesional Conjunto de Energie Alsmica cponidncose a la exten—
sidn Col “rricc~Andcrson insurance indomnity Act® por un periodo de diexz
aiics.  Adjunto se incluye paro corocimisnic de esa Henorsble Junte el tes=
tinonio del “r. Ackermon ente el Comitd Congresional. I ualinents sa incluye
ceria del "Advisory Conemittes wa Recctor Soicguords {(ACRS)Y quienes realiza-
ron wno lnvisiigocidn detailada de los punios de vista del Sr. Ackermen.  Se
Incluye adexdls correspondencia de Ar. Robert E. Glana ce la Rochester
Eleckic.

Como podré desprenderse de esto correspondencia, podrén rotar oue
el ur. Ackaman o tiene concchinientos ni experiencio alauna sobre plonios ter=
mocléctrices y mencs solve planks nuclearss siendo compleiamente un oo en
esta moteric.  Solo lovents una scrie de gencrolidades.  En lo péging 165 de
los minutos dsl Consress Gue se incluyen, podrdn observar las conclusiones o que
Hega el “Advisory Committee of Resctor Soicguards® que se resumen: (1) Mo exise
te fundamento pora wshenor ninguna de los clezuciones del S, Ackerman. (2) Se
opunta la gran ignoraacia del Sr. Ackerman.

El tipo de pienta que la Auterided plensa Instoler en el érea de Tor-
tuguaro es un tipo del cual su scguridad estd completamente probada, qua comnpren-
den uno da dos tivos: csatral con reocter de agua hirvients o central con reactor
ds agua o presidn.  Esto lo domuestro el gran nomero de Grdenes sor centrales nue
clecres que se han pussto en E-todos Unidos Oltimamente las cuales han rebosads
todo tipo de previccionss hasta Hepsr el punto de que la casacided totol en me-
gavotios en plantes nuclecres crdenade duronts el ao 1765 excedis o fa capacidad
or¢encda ¢n plantas convencionales.

Esta Autoridad ests dispuesta a ilustror o esa Honoreble Junta de la-
nificacién y a sus asesores técnicos scire detoiles de lo seguridad envuslia en este
Hpo de centrales de creerle la Junta conveniente,

Todos los proyectos para la construceién de ura central de enerclo nu-
clear tienen que scr aprobados por la Uivisidn de Licenciamicnto de [sactorss ae
fa Cemisién de fneefa Atémica quizncs en comsulta directo con el Comiid Consul=
tor sobre Segurided as Reactoros (Advisory Committee on itcactor Solewords) {(ALLE)
pasan juicio scbre ol disero co lo instalacién y celebran vistas pobliccs donds los
cludeuonos pueden exarcsar sus puntos Co vista en cuanto al aspecto €2 ssyuridad
envuslio, Luego de un cuiccueso estucio y undlisis por parte de lo Comisicn, &sta
recomicndo o rec.aza el proyccto si ests no se ajusta a los requisitos de seguridad
estoblecidos por lo ComisiOn.




T

Lurerts el omcese de la construzelbdn la Civisién de * Comnlionce” de lo
Comislén de Luerifa Atbvica exaning y wosa juicio scbre la constivecidn y las
prugbis @ que aivd Co soreterse todo el eguipc. Lo determingrse cue tode se
her comtiulnr v probado de couerde a los normus establecidas, la Comisicn uzepta
como buena o fose de contruccién y pruebas.

tuego la Divisita de Exdmenes de Reactores de la Comisién procsde 6 exo-
mincy toces los operodores incluvendo ingenieros y tienlces oparcdoras que hobran
cv hacerse caro da lo opoiceidn ¢ lo central,  Lstos ex@menss por lo gencral dy=
ran cos cfas civiciéndose cn uo afa el exumsn escrito y otro dia el examen oral.
A los condidatos que aprucian el exenen s8 les ciarge una licencia de cperacin,
Tan ponte lo organizocion correspondicnte tengo fos operederes licenciodos regues
ridos y demuciire estar prepurado para operar la ceniral, la Comision le otorge la
Beencia de opruciéna la orgonizacién, en este caso o la Autoridad,

Durante lo cseraciin de la plenta lo Divisién da "Compliance” continug
cuditumio, a frovds de visitas periddicas, lo oncracidn de la plenta pora oszrurar=
se Ge qua Csft se esia opercndo de acuerdo a los renlomentos previamente estable-

cidos.

Esto nos permite operar siempre con personal idoneo y debidumente entrenado
y licenciodo, cosa que no podemos hecer con lus centrales convenclonales cebido a
ias muchas trobas de los cenvenios colectives existentes bajo los cuales cperamos ias
centrales conveacionales,

Sobre ¢l especto de desamrcllo del Grea, descomos enfatizas que el estable=-
cimlento de esia ceniral termonuclear no interfiere con el desorrollo furistics dol
Grea sagln exgresado por el grudo oncsitor, y s adn preferimes este tipo de do=
sarrolic debido a su bojo densidad poblacional.  Ista Autoridad esté en disnosicidn
ce aclaror cuolquisr otra duca o someter cualguisr informacién adicional que esa
Honorable Junia de flanificacién crea convenicnte solicitar con rospecto o wste
asunto.

Cordiaiments,

R0,

Rafacl V. Urrutia
Director Ljecutivo

M

cc: Central File
ReadingFile
Dr. Modesto Iriarte
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52 hage schar 7ua la Audlencia Po-

cansidarar g uvhiczcidn de vaa Central .

Termaruclzar en el Beirie Tiarras Mu2vas Saliaata
de Mazrati, q32 52 ha'iz se3v'ade pera cel2!rarse
al diq 13 de Tahrero de 1957, a les 10:00 A M, en
el 5alin da Actas da la Urh-aizacion Pohlies Ene
rigur Zermiila ha side aaspuzsta.

Esta Auritzneia Piblica s ha fijads nuevemen:
te pera goc'argrse of dia 27 da fehroro de 1947, @
las 7:00 P. ., 2n 2] S¢'én de Actos da la Urbhaniza.
¢ion Piablica Enrique Zorrilla. .
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Secraetario

'.;;ass

s

Anejo 22

L, A% D




& de mcrzo de 557
T ~ ¥

Han, Rerfn Cercln Sentiogo T by
Pezlent. durtn de Pluaificacibn

Aosods FRES

Seriurce, Pusrio Rico O3

Re: Central Termonauclear Torluguero
Corhas de: {7 de septiembre de 1743
4 de junic de 1965
A de junio de 1965
7 de marzo de 1966
i de cctutre de 1966

Acrecicdo Manche:

Estz Autoridad semetié a lo Junta de Flanificecidn con fecha 19
de szotienbre de 1963 uno consulte de ubicocitn para la Centrel Termcauclear
¢! osste d2 lo Loguno Torluguero en le municipolided de Aonatl.  En nuesha

cirunfcocidn de 14 de Junio de 1965 dimes més Informacién o lo Junto scbre

el proyects ternoruclesr de Tortuguero e Insistimos sobre la necesided do utili-
zor estos terrznos pora estos propdsitos. Ea lo cemunicccién de 2l de {unio de
1945 tronsmitimos @ esa Honorchble Junto tnformocidn relativa o estudios del sb-
suclo. Con fechs del 7 da morzo de 945 sometimos o esa Honcratle Junta
los ploncs de mensuro de las fincas concernidas y solicitamos aprobocién de lo
Junic para lo odguisicibn de estos terreacs.  En nuestra comiunicocién del 1l de
oct.bre da 1965 volvimos a notificer a le Junto que lo Autoridad continua con-
sid rando sericmente los terrencs de Tortuguero poro el estcblecimiento de uno
central termonuclecr. i

£l 21 de noviembre de 1964 se celabrd uno vista piblico en el Mu-
nicipio de MancH en relacién a lo ublcoclén de este proyecto.  La Autorided
describié y expuso el proyecto, contestd preguntas, y di6 énfosls sobre la segu-
. ¢idad de ests Hpo de imtaloctén. En dicha vista poblica no hubo gron oposi-
cién, pero el Alcolde, Hon. Jooguln Rosa, pidié que se diera lo cportunidod
de une scgunda visto piblica. Esta segunde viste pGblica se fij6 poro el 27 de
febrero da 1967 a los 7:00 P .M En diche vista piblics un grupo opcsitor al
proyecto presentd o un tol Adolph J. Ackerman de Madison, Wiscensin como su
comultor en estos asuntos nuclecres. Dado que es costumbra de tedes los incivi-
duos que se cponen al esteklecimiento de las centrales nucleores arrcjor duces
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te Furlomeri. port v ostorwr anaguns Yo los ol oliones dud S Ackermwcn. (Z) Se
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Bl Voo de plante qua le Auvtorided plensa rsteler en el drea de Tor-
tusuars es un oo dolocual su oseguelidad estd corpletment: probode,” que caapren-
den uny € dos Moo cuntral con roachor de ogua hirvieals o central con recclor
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gavutics en plastss noclewess codendo durante ef ato 1785 excedid o la cojmcidad
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Esto Autorided e dissuzada a iluskar ¢ esa tloncrshle Junto de Plo-
aifizeciin v 0 sus Giosords tECniges obs c.t:.* iles de to s:juricad eavielis en este

¥

tino de caarrios do crserio le Juntt convenicate.

Todes fos preyectes para la consiruccidn de uno centrel de encrgla nu-
clecr tienen que scr aprabedos por o Divisidn de Liesnciamianlo dz Reactores de
le Cemisién de Energla Atdmica quicnzs en comsulla directo ccn el Comird Comsul-
tor sokre Sejuricad de Recctorss (Adviiory Committee on Reactor Sefe uerds) (ACRS)
pasan juiciu sobre el disedo de lo Insvclocion v celebran vistos pGhlicas donde los
ciudodonos pueden expresar sus puntss de vista en cuanic al ascecin de sejuridad
envwello, Luego de un culdedeso eshulio y ondilisis per perts de lo Cowisidn, 8o
reccariendo ¢ reciwza el proyecto s este no te aluste o los reguisitos de segurlded
esteblecices por le Comisita.
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T. v e e X A i se oeiiminery clouloisie Tiaowg
o sy
Vop el benaficin e las reccaendociones ol los oreoinon.
IR pucta, Ya clelbre drg oaveio,ouns
puniicrs. L rri-ers en 1o C
errprzande A 1o R3O0 AL, Ia
fque Torrille, ol 07 de Tebveve do MY a los

o zcarte a todos 1o

vatlicss g garencia en dicho o

le cursd iuvd Jusn

purte de Jos tarrdics estudlades Tora suo

v al plitlice on mereval., EI anuncio do la audicencia oo publicd en mwld

ée circule~ifs gener:l Uy ocgisg acdicncias plblicas residentes de ookl tu-
vicron doy wrlpk T
noicacidn de Jlohn planta fewmsomuclear,

Lo Jun'e conee?id un téaming adicionnl de quinee dlias pore s cual-

4

quier escrite, wemorsrds o mlesato que glpunag parle inforenada doeroenti hucer con

relacién =1l releridc case.  Tronsourrico este perledo, la Juvts procc i cens
siderar ¢! mioue arnalizernds toda la p“'r*u oral, escrita y documindal reocopiladas
en el expedionte,

Por 1z rresente y temende en consideracion todo 1o pnteriormenis expuesto,

estas Junta de Plsnificacidn de Fuerto Rico RECCMIFIDA FAVORADLENTI vbica-

¢ién de una centrel cléctricea termonuclear en el barrio Tierras Noeves Selicnte

’

del municipic de Hereti sl norceste de la Lesuna Tortuviuerc, sepn s ipdica en
€) plano edjunte que Torms perte de esa censulta.  La Auteridsad d¢ les Fuenles
Fluviales debers cumplir con los sipuicntes requerimientos:

1. Asumira !a responsabilidad por la relccalizacién de las Corroteras

Municipales Nims. GBS y €86 en les trames que guedan afectodos

consecuencia del PfoyecﬁcfﬂgﬂafPQ'“+ al Termonuclear, DRicha releca-
: il 3

5 S
LN ri
lizacibn deberad tener el endose del Dcﬁ;}temento de Ovras Piblicas,
sl - \' \(
previc e la construCC1on de la pizma.ag\ (D
2 (s

2. Parn la c'nstruccxﬁr ce canal vavevnblr depde el mar hacie la Laguna

Tortupuero debern seguir lOu gram J;D /ﬁ £a lecidons y oblcner la

B, .
aprobacibn correspondiente para prﬁ“ufjﬁas ecamo esta con la Comisicn
>
)
de Servicio Miblico, Departamcoto de Obras Piliicaes, Autoridrd de los

Puertos ¥ con el Secretaric del Ejérciteo de los Estades Unides.




A€o enduerd v teded lus eorruon

Dejruzba Io

T

woade Aopieultura y Sadnd oen
(i e iy elnra prodioirse en le Degnma Yorde aers o o
gunents (o ole s inided de sus souns dellde a

crnal oque oo ene

mar y werard sguella seoibn requerida por esar oooncies

=

ohligneiin de realojrr & cvelguior Drmilia vesidente

en 2l frea 4¢ exclugiin yveruesin para este provecto, o en su do-

& e cvalaguier olra ecencia pillica que

en la oblores de reasleojo de Tunilics afectudas por
praoyol cuno en este ceac,

2. Consepn zon del Institcio de Bioleria Marine de ie Unver-
cis Flen, en lo gque econcierne a la temperciura 4ol arua

gue se elininsrd d¢ la Central derncnvclesr hacia el mar, de nanera
tol gque dicno efirenle vantens vra lemperatura que no soa delri-
roental ni efecte la rida marins del litoral.

€. Deberd cuncliv con todos los reauerimicntos que haga la Divicién
de Licenecimaiento de reactores de 1a Cemisién de Energla Mbulca, en

cunsulie directa con ¢l Crmité Co

sultor suvbre Sepvridad de
(fAdvigrry Cormittee on Reametor tafegunrds), para salve;ior o
1a salud y el bicnestar de tcie le c1u5adan1a ¥y de la vida aninal y
vegetal de {cdo se cector.

Dispeniéndose, Adends, que esle recomerdacién favorable no irplics la
eprebacién de la adquisiciin de los terrcnos, ni del proyecto de construccién,
los ecusles deberin scmelerse en su oportunicad a la econgideracién de esta Juntn
de Plenificaciin, de acuerds con las dispesicicnes de los leyes, replavientos y
normas de Flenificacidn vigentes,

CERTII'ICO: fue la arterior es ecpia fiel y exacta del informe adoptade

por 2z Junta de Planificacién de Puerte Rice en su reunién celchrads en

F1A\ - h |g[;f"'a“a cu notifiencifn y us @ genmral expide la presente bajo
ni firma y sello ofizcial de la Junta de Pl cidn en Son Juen, Pucr

Rico, a N LY ]519,,?




7 EoOAPPLICATIONS AND AVPROVALS
B v

The foliowing is o st of acthorizetions, peianits and certificenions obtoired or ponding. hat are
: nveessary Tor the construttion aud peraiion of the Aguirme Power Plani Complex. & sesbewn e the
| FVederst and Commonwealth of Puerto Rico savn newoimnbied
Ttem Agency Application Stuins
' Puerto Rico Pianning Board =125 P Approved with no
: Al ratien Tor Husition condiiions in mecting
! of dend wnd vkt of way for on May 241967,
I poctoar plant i Aguirre, s Ww__,_,_._—,ﬂ..,....—-_'
, i Sualinas,
‘ 2% Puerte Rico Plarping % oard G7=1225-F - batension Approved with Public
~ \! Authar ation Tor Acguisition Works aveeptunce
: of Toad Tor cocess toads for condition in mecting on
! nucleat plant in Aguirre, fan. 17, 1GRK,
- !
: 3*  Puerie Rice Plannine Poard 67-1225.P - Second Extension Approved with no
‘ Time extension for Jan, 17 conditions 1 meeting
Authorvization, of Sept. 12, 1969,
= 1 4*  Puerio Rice Plaining Poard 67-1275-P - Third Lxtension Approved with no
- | Authorization for zltering conditions i mmeeting
an L locstion of access roads and on Nov. 25.1970.
E transmission lines.
I
o o 5*  Pucrio Rico Planning Board 70-623-P Approved with no
:;R(‘)Ul_-;H Authorization for land moving conditions in meeting
operations and secess roads of Jan. 9, 1970,
needed lor construction of
fossil-fired plants.
6*  Puerto Rico Plonning Bourd 70-023-P - First Extension Approved subject to
- Authorization for construction authorizations of the
of two fossit units, substations, Puerto Rico Environ-
warchouses, fuel storage tanks, mental Quality Board
heliport, transimission lines and {FQB) and the U. S,
- accessory tuildings, Ariny Corps of Engincers
in meeting of April 29,1971
7*  Puerto Rico Plinning Board 70-623-P - Second Extension Approved subject 10
Authorization lor acquisitions authorization of EQBIn
of lunds necessary for the meeting held on Sept. 3,
- construction of the cooling 1971.
water discharpe canal,
§*  Puerto Rico Plenning Board 70-623-P - Third Extension Approved subject to

Authorization for construction authorization frum the

- of nuclear plant, substations, U. S, Atomic Encrgy
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June 25, 1

To : Eng. Julis Negroni
Txecuiive Director

From 1 Nofercto lriarte, Jr.

>

Areistant Executive Director
Hlectrical Planning,

bi)

Research and Conesructisn

The zrelirminary study for inland nuclear plant siting along the coast of
Fuarto Rico zg been practically ‘:ﬂ.i shed, The study includes all the coast

.
—
[

of uerto Ficeo cxcept the area included between Dorado city east to Las
Cxbezas in Fajardo and the area between Aguirre and Ponce. These two
arcas were excluded beczuse in the first area tourism and population concen-

traticns prohibit the location of power plants and the second area was excluded
becavse encugh information is available from previous studies.

Frorm the preliminary information developed the north central coast of
Tierto Rico {Arecibo to juet east of Tortuguero) has the highest potential for
nuclear olant sites. Othr_r areas such as Cabo Mala PPascua in Patillas, Punta
Verraco, Norrilioe de Cabo Rojo, Rincdn, Aguadilla up to Irabe'a has been
found to be with offehore sedimentary layers ceverely tilted, folded and faulted.
_-*-‘!t'n:-ugh the preliminary study does not rule cut completely such sites, it is

recognized that they will face more difficuli problems in the licensing process.

The area east of Irabela and specially east of Arecibo showe markedly
miles and miles of sedimentary miocene rock (20 mitlion years old) undisturhed.
There are however some minor faults buried at an estimated depth of 2500 ft,
below the sca floor and overlaid by urdisturbed miocena rocks.

Cne of the faults has been found from the offshore seismic data to have an
enstwest etrike with southern inclination a few miles eaat of Punta Chivato. i.e.
the fault enters the island east of Punta Chivato. However since apparcntly the
fauit is ceeply buried (indicating it is an old fault) the geologists have not been able




to find any trace or -L_eonqg c Teeture indicating the preserce of this Tanlt
inlard.  The fault j.at b appens io he farthest to the sea at the FRWERA
Tortuguero site fabout three mites),

After ¢valuating all the data ‘e recomorendation of the Geologisis and
Selolr vloziale PR Mernrd S e vealieud sp ol ag Laving the Yighest noten-
tial for Vicensing:

ole juslinid distance Setween Tortugeero and

226t w0 of these sites should be
ciined to drop at this time the Punta
three (it is the cleosest one to the minor

A. Ceological

l. Xake ground trenches east of Punta Chivato where the fault
enters land to deterinine ifitispresent and any characteristics.

2. Hnnk pick samples in the areas where guaternary enlian

ferosits ruspected to be Leiwsen 100, 600 to 1, GO0, 000 Vears
ex.st.

e cating will be performed by various technigues nelud: ng :
a) .‘\z—.dw, mietric b)) Paleomagnetisrn ¢) Armiino-aead,

3. Make drill holes in the arcae to determine statigraphy and
foundation mechanics,

At Tortuguero probably one or two holes will be enough to calibrate
previous drill holes n-ade in the area. At Islote a new series of dril! holes
w:ll be required.

ed for the two selected sites are as follows:




Tag. Julio Negroni -3- June 25, 1973

erform detailed and close high resolution seismlc profiles offshore
e two gites tnd 2t crilcal nolnts such as east of Punta Chivaio
-pposed fault =irfls fnland. Thie will try to prove without doubt
the cinct amount of undisturhed niiocens rocks above offshore faults for
surpcse of aszecing fault age, Pr:r‘fﬁrn. '} gecicrnic lines inland required
after the neceesity s determiined ‘rom previous Weston data at Tortuguero.

o
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n ©
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The preliminary work alrezdy performed will be wrapped up in a2 com-
preheneive report which will he ready Ly end of Acgust, After the Axthority
receives it, it should be =ubmiticd forrizlly to the A.E.C. The A.E. C. might
‘1he twe er tiree months in rroceseing and giving us their opinion.

Ve P

: 3t we ehould not wait for an A, E. C. ruling
ltes previously described. At least six rmonths or
celny will be experienced. Cozt o the Authority in "interest during
cons*.n-ction” escalution, addlf'ional foesil fuel costs in competence with the

dela

]
,_-

‘ed neclear unit etc, is in the range of :nany many millions of dollars.

rhere is a good reascnable probability that Tortuguero as well as Islote
or Falrras Altas eite can be licersed within 18-.21 months if we act promptly
and correctly,

I therefore request your approval to continue the geo-seismic studies
for Tortuguero and the Islote area and simultaneously start the preparation of
a PEAR und TIE for Tslote (with Turtugiero as an alternate gite} with a target
date of Miareh 21, 1674 for filing with the A, E. C. such I'SAR.

/ /‘; o ‘.l . APPROVED:
O L LevielsT 7
7 -f'zvuu ' - -
j‘ | / e, N
‘:f{% ré/’d{'v“ =" | . \l ‘/'/l /t £ oo 8
‘i : [ . | _ 3 L
/‘1{‘:-:_/ G}’(Lf)u / J

Julio NWegroni
Executive Director
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[ PLANNING CONSIDERATIONS FOR THE REGIONAL DEVELOPMENT
OF PUEN 10 RICO

A _IVnEroductiEl

During the last quarter of a century, Puerto Rico has experienced
a rapid and impressive developrient. The gross product of Puerto Rican
economy surpassed 3.3 billion dollars in 1966-67, more than eleven tirnes
the 1940 figures, Similarly, per capita tncome was $1, 037, compared
to 5121 in 1940, In the fields of education, pubiic health, transportation
anc public utilities, unprecedented progress has been made. However,
this same progress have introduced many complex problems, such as
polintion, traffic congestion and shortages in the public facility services,
To solve these and other problems it is the policy of the Government
of the Commonwealth of Puerto Rico to encourage development in certain
growth poles, promising centers, like Ponce and Mayaguez. (See Map
#3 in appendix on growth centers. ) The effectuation of this policy is
necessary, among other reasons, in ovder to create in them favorable
environments for the development of industry and also for the develop-
ment of attractive residential environments for the professional!, mana-
gerial and technical achievers of the growth pursued. This will also
reduce the flow of persons to Metropolitan San Juan while reducing also
the regional disparities in employment opportunities and income levels.

Plans have been already implemented to promote growth in
other areas, as for example in the Southwest, in order to counter-
balance the tendency of the incomes in the Southern part of Puerto Rico

to rise very slowly in relation of the incomes in the Northern part,
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espearally in the San Juan Metropolitin Area.

B. Southiwes

n‘EiU!’l

The Southw st Region - comprised of the metropolitan areas of
FPonce and Mayaguea and adjeining municipalities - offers a specizl
cpportunity for carrying out a joined program of developmernt which
could have a significant influvace in ashivving the objective of reducing
Income dispa rities ertong the three regions of Puerto Rico. In fact,
considerahle wfforts are being made to broaden the Region's econarr..c
base by the prootiorn of menufacturing estahlishments, the use of
indastrial incentives of various types and the immprovernent of the urban
and regional infrastructure.

About 21,000 reanufacturing jobs have been created in the Region
under this program.

Future plans for industry and agriculture will heavily depend on
the development of water resources dus to the critical nature of said
resources in the Region High pricrity has been given to the development
of the Southwest in the Commnnwealth's capital improvement program.
To this effect, the Plaaning Boa-d is now engaged in the formulation of
a comprenensive development plan for this Region. Emphasis is being
placed on the formulation of functional plans for achieving the desired
goals on industrial development, tourism, education, agriculture, trans-
portation', public utilities and complementary community facilities and

services. (See part V of this report for Long Range Goals and Projec-

tions, as prepared by the Puerto Rico Plarnning Board.)
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A, Il’lt up-‘m ?LJfl

The s?‘.ortag e of water in the southern region of Puerto Rico

is the cause of concern to the Commonwealth Governient. The provien

is becoming so critical thatr minny industrial and avriculiucs! jobis, and

s B2
2% 2 consequunce also service jobs, mazay be Xentin abevance, Tne

<ticy of the Commuanwe 1Lth Government is to urgently 5eer solutions
7 b

to these probler.s and to design programs and projects meetines the
i fae] = p J o

€ Gfteoe pl abed Migh wares consumption needs of heavy industrial complexes

in the soathera roygton,

30 of R‘ 'lrn and 1t~ De‘.-'(:lopr: ent

The Sourhorn Region of Puerto Rice has the following coatignous

municipalities:

1. Porce 8. Santa Isabel
2. Pefucias 9. Coamo

3. Guayanitla 10. Salin;as

4, Yauco It Guayama

5. Gudnica 12, Arroyo

6. Juana Draz _ 13. Patillas

7, Villalba 14, Mazaunabo

(1) See Ma an 7 7 1 with raintall contours.




E. S«._;_n_*.;t;a}-;ry an! Conclusicns

ITne total water needs for the Southanast region in the year 1330

~

will be approximnately 324, 3 MGD distributed as follows: ¥

Indusiry 136. 4
Agriculture 3121.0
Rezidential 51:9

15.0

[}%]
e

Cormmerc:
The net irepound. Rle surface water availability is actually approx-
imately 202 NMCD,
The ground water avatilability is approximately 217 MGD, As-
suniing all this water could be used, and further, assuming that the net

impeundable surface wator awvailability would remain constant, for the

<
m
u
B
s

980 there will be a net deficit of 105.3 MGD in the Southcoast region.

Thiz clearly indicates that other sources »f water have toc be
found to be able to cope with the expectaed developnient of the area.

One of this additicnal sources could be the diversion of additional
arrounts of water from the Northern part of the Island to the Southern
part. Arnother source (aporoximately 23,500 acre feet) will be obtained
from the spill-over of the Guavabal Dam which will be collected in an-
other Dam downstream.

Bit another oramisin surce which must not be overlooked and

L

*Planning Board Memorancdam #1410, Water Resources Needs
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Vi ECONOMIC DEVELOPMENI ADMINISTRATION RECOMMENDATIONS

S Grencr_al Consideraticns

In regard to the industrial sector of the overall complex, the
Econeric Development Adminisiration considers very important the follow -
irg general factors:

L. The area in which the energy center complex is to be tgcared
stvriid have an existing or potential harbor sufiiciently ample to provide
porvt facilities for several heavy industries. The harbor should be at least
50 fect deep and should be in the immediate vicinity of the nuclear power plant,

2. At leas: 2,000 acres of reasonably level land should be avai lable
on the water front for industrial plant sites.,

3. Plant capacity for each product analyze

[
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optirum size and incorporate proven technology.

4. Products utilizing one or more principal raw materials from
foreign sources should be given priority attention since these raw materials
already are flowing toward the U. S, mainland and Puerto Rico is merely
iﬁterceptlng the flow,

5. Products chosen for analysis should be those with good prospects
for market growth in the U. S., since the mainland is our major market
outlet,

6. Products chosen for analysis should require significant amounts
of electrical power per ton of output in their production process,

7. A comparative analysis of production costs in Puerto Rico vis-a-

vis the optimum mazainland location should be made for each product analyzed,




ioilowing:
I, Alumina {2,000-3,000 KW H/ten - a possibility althooen the

trend in the industry is to prodace aluwning at the bauxite site.

I

Alumimem (14, 000-15, 000 KWwWH/ton) - We already knw toar
sucn a project is feasible in Puerto Rico at 4.25 mills for power. Fro-
riafion of 2n eventual 300, 000 ton/year facility to be located in Tortuguero
1s well advanced. If a second plant is promoted, the Government favors
Yabuena as the site. Accordingly, the southwest area appears to be a
we=sible site for a third facility and a project of this nature is accorvdingly
mvors likely in the late 70's or early 80's, It is not {elt that there 13 a
nezd to study aluminum since we are well-informed about manufacturing
costs and trends for this product.

3. Chlorvine/caustic soda (3, 400-4, 000 KWV H/ton) - A 500 ton/day
chiorine plant is scheduled to go on stream in 1971. or 1972 in Guayanilla.
The demand for chlorine 1s expected to double over the next ten years,

We believe prospects for a second project of this nature are gocd., FHowever,
it is more likely to be located near one of the existing petrochemical corm-
piexes at Guayama or Yabucoa. Agzin no analysis is believed required
since we are well informed about minufacturing costs.

4. Ferro alloys (4,000-3, 000 KW H/ton} - a plant with an in:tial

demazard of 45 MW 15 scheduied to go on siream in Ponce. Accordingly,
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5. Graphite (3,000-3,500 KWH/ton - a plant with an initial

dermiand of 15 MW is being built in Yabucoa. Such 2 project could be a
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y center comniples, depending on market; on

o. Ox,zen and otrer Industrial gases - Two firms are propos.in

toobelld an indusirial gas comples in Periuelzs to serve the South Coast
D, pipe line. It is unlikely another plant as reguired.
7. Otner products with high energy requirements that should be

reviewed Doroinciusion amoag the products to be ane'vued in detzil are:

Commnent a

gurmu{ L. 5,

a. calciur: carbide: 3,000 XWH fton
b, chrormium: 2, 600-3, 400 KWH/ton 1.2 million tons
c. cobalt: 2,400-3,200 KWH/ton 5,000 tons
by product of copnuer mining
d. fluorine: 5,600-6,000 KWEH/ton
e, Lithium: 31, 200-36, 000 KWH /ton
. manganese; 10,000 KWH/ton

magnesium: 22,400 KWH/ton 150,000 T, increasing

Jo

o. nickel: 2,200 KWH/ton

1. phospnhorus: 8,000-11, 000 KWwH/twon




3o osogiurn: 10, 200 KV H/ton 125,000 tons
w. silicos: 10,000-12, 000 K NH/ton 700, 000 tons

I. silicon carbide: 7,000-8, 200 KwWiH/ton

. titanium/zerconium: 36, 000-40, 000 KWH/ton 10, 000-12, 000 tons

market smail but growing
8. Arn analysis of prodacing 690,000 to 1, 000, 000 tons of salt

stweid 2150 be included. The cost of imported salt is approximately

T
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¢d on the dock., Any reduction below this cost wguld
b advantcgeous to szlt based industries such as chlorine. Perhaps desali-
nized water conld be considered a by-product with sufficient absorption of

prodiction cosis by the salt production which could be sold for $4-85/ton

cr
J

g the cost of'water down to a rezsonable level from the present
éf?‘C' /1,000 ga!.lr)ns.

2. No processing plants for agricultural products have been
included since thesc would depend on the type of products found feasible
Inr the agru scotor of the complesn., Likewise, petrochemical complexes
have not been inclurded since these are primarily dependent on obtaining

in’lpr)rt queitas ior fcc:-i:;tock.
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IV. FACTORS AGAINST A NUCLEAR DECISION

1. Prototype units -

None of the commercial units in operation today is an exact
duplicate of the proposed nuclear unit, It has been a standing policy
of the Authority that the commercial unit proposed for operation in
1976, if nuclear, must be a completely well-proven concept, and if
possible, a duplicate of an existing unit, so that the parameters used
in the evaluation can be readily ascertained. A dupiicate of the unit
quoted on by Westinghouss will not be in service befq're 1972. Connectict
Yankee, which has been advertised 2s a prototype of the quot=1 unit,
differs in a v;ary vital aspect: nuclear fuel conditions.

1) The specific power, that is, the full load thermal -

kilowatts o;:)tained from each kilogram of uranium in
the core is 27.7 at Connecticut Yankeel, while the Puerto
Rico unit W(‘)U].d have a value of 36.5. This reduces core
size. Connecticut Yankee thus operates under more

conservative conditions.




2) The fuel burn up, that is, the kilowatt-days obtained
from each kilogram of uranium at Connecticut Yankee
is 24, 000, while the proposed unit would have a fuel
burn up of 31, 500. l While this increased burn up has

been obtained in other reactors, it has never been

proven under operating conditions in the type of reactor
that has been proposed. Connecticut Yankee, therefore,
is operating more conservatively in this reSpéct.

3) Fuel cladding - Connecticut Yankee uses stainless
steel cladding, while the proposed unit will use
zircaloy. Although technically zircaloy should be
satisfactory the fact is that this type of cladding has
not been used in commercial PWR real;tor:% of the type
and size whi h have beer; proposed. |

These very i-aportant differences pose the proi)e-xbillity of technical

problems and the probable requirement of further debugging. Even

more important, however, is the fact that the fuel costs which have

been predicated under these accelerated conditions have not yet been




realized. It should be noted that fuel costs have a very limmportant
bearing on the economical evaluation of the nuclear unit.

2 __P_t_ch{acx of nuclear estirmates - =

The accuracy of nuclear estimates is in question today. None
of the nuclear plants built so far have met the estimated construction
ccsts. The additional costs have ranlged from 10% to 50% above the
estimate. These have beel;l caused by delays in the delivery of materials,
labor problems, the difficulty of obtaining the highly specialized work-
ers and technicians which are required for a nuclear installation and
very importan-t, the additional cost of back fitting requirernents
imposed by the Cormmission,

It should be noted that sven though *he evaluaied cost of nuclear
~ unit in our studies is of the order of $200 pvr kilowatt for a 570 Mwe
plant, higher cost figures Liave been t.astirriated by some very well
known advocates of nuclear power. ‘

1. From APPA Nuclear Power Newsletter. April 1969 -

{(Ex. - 3-9)
In some plants gnder construction or in operation, problems

are showing up in areas where experience is available to have avoided

them.'" AEC Commissioner, James T. Ramey said. Ramey noted
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the;t construction costs have risen for nuclear units (a recent survey
by Yidnkee Atomic Electric indicated that the average 825, 000 kilo-
watl light water reactor plant being built in the U. S. for mid or late
1973 start up will cost about 200 .dollars per kilowatt). (Ex. 4-2)

2. From the Special Report ".’lNuclcar Fower in a Billion
Dollar Stalemate, "Electric Light and Power, April 1969 (Ex. 3-4)

"Nuclear power's soaring costs are being watched closely.
Every utility executive contacted had facts and figures at his finger-
tips ... facts that showed original estimates and the éffect of time
delays on these estimates. Typical of the cost prloblerﬂn is Omaha
Public Ppwer announcement that their 1966 cost estinate of $93
- million had jlumped $30 millinn by the end of 1968, New York State
Electric and Gas estimated their costs wili be $35 million higher than
the 1966 figures. Other utilities not so eager to share their escalation
.costs openly, have indicated that as much as $20 millior. have been
added to capital costs before ground was broker -,

3. From the paper Nuclear Power - "Past, Present, Fufure"
by Kenneth A. Roe, Pres. of Burns & Roe Inc. , presented at ASME
Power Division, January 1969, (Ex. 4—ll)

~

"The other major cisappoinument felt by the uiility industry in
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their nuclear prograrms has been the tremendous jncrease in capital
costs associaled with nuclear plants. Many factors have coniributed
to these higher costs,

One factor is attributable to the extended construction schedule
and decreased construction labor efficiency. Some of the cost increase
is due to inaccurate estimating since limited experience was available
to form the basis of good estimates. Part of it is due to escalation of
materials and labor rates. Another increment is due to the increased
number and cost of safety features that must be incorporated in these
plants as the AEC digs deeper into the design features and examines
their potentia) hazards with ever increasing care,

In our present studiec and designs for utility clients w.e are
estimating nuclear plants that will be operating in 1974 ar? in sizes
of 800 to 1000 MW. The costs of these plants appear to be in the “.
range of $180 to $200 per.KW. o

In the light of the above staééments itz seéms that cur estiwmabsr

for the construction of nuclear units is in the low side.

3, Uncertaingy of nuclear fuelﬁcosts =

The main economic advantage of nuclear power is the reduced
cost of nuclear fuel. In the economic study and in the bil eva.uafion

the low figure of 1.338 mills per kilowatt-hour has been used. This
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has been calculated on a price of $8. 50 per pbu.nd of uranium. This
figure scems to be lows, e_specially whe.n the Fdison Electric Institute
has prepared a chart indicating that "all the uranium that might be
found and produced at $15 a pound will be consu‘med by 1990." (1)

Mr. Rangel, Vice President and General Manager of the Atomic
Power Division, Westinghouse Electric Corporation in the arficle:
"Only High Gain Breeder Reactors can Stabilize Uranium fuel Reguire-
ments"”, Westinghouse Enginecr, January 1968 states: (Ex. -3-14)
"Even though presently known domestic supplies of low Vcost uranium
are continuously enlarged by massive explo “ation n'_;fforts, fuel cost of
water reactors will always be subject to the uncertain ies of uranium
.wre costs if water reactors ar= the only type built. Thus, the really
significant potential benefit of the breeder r‘eac.xar to the electric
~utility industry will come from its abiiity to ensure continuing low
nuclear fuel cost.” Mr. Rangel has calculated that for each $5 per
pound increase in the cost of uranium, PWR fue? cycle costs will
increase about 0.3 mills per kilowatt-hour, and concludes that breeder

reactors are required in order to stabilize nuclear fuel costs. Unfortunately,

(1} Water Control News No. 18 - Secpteiuber 16, 1968 - Page 2
(Ex. 3-8)
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it is a very well known fact that the state of development of breeder
reactors is very slow, and the outlook is rather pesimistic at this

mcment.

!

Nuclear fuel costs as used in the econormic evaluations seem
optimistic. For example: Mr, W. W. Brandfon of Sargent & Lundy
is reported in Electrical World, October 14, 1968 (Ex. 3-10) as
stating that "taking a 1000 megawalt pressurized water reactor as an
example and projecting the total capital requirements for nuclear fuel
at any one time as varying between 28 million and 33 rﬁillion dollars,
using an 85% capacity factor over the first seven to ten years of
opecration, he got a levelized fuel cost of about 2 mills per kilowatt-
hour', The cost of 2 mills per kilowatt-hour as developed by
.Mrr. Brandfon would definitely rule out 1‘.uc_1-ca1' inits in our case.
These conclusions came our in the Atomic Industrial. Forum's Conference
on Finaunce Fuel in New Jersey, October 19¢8.

4. Schedules and deliverége} -

The situation on schedules and deliveries in the nuclear industry
1s very pesimistic today. The delays are a constant source of WOTLLYy

to power systé:ns that have comunitted nuclear units with the result




that the practical value of the nuclear plants under construction has
not Leen proved. As such, the plants are licensed under the R & D
stipulation of the Atomic Energy Act and Antitrust hearings are not
permitted during the licensing préceedings.

6. Intervention of the Atomic Fnergy Commission in plant operations -

This is considered a very important factor. Due to the
intrinsic nature of nuclear plants, the Atomic Fnergy Commission not
only closely scrutinizes the construction of the unit, but also super-
vises very closely its operation throughout its life. Specially after
maintersice 0~ equipment ‘trouble,' the Commission makes an intensive
e:t-udy of the breakage znd will not allow the restart‘ of the unit until a
véry thororzh evaluation of the con_dition is made and assurzs that éll
safety precautions have been taken care of. Althoug_h this is necessary
from a safety standpoint, it seriously impedes the_ébiliti( of the utility
to supply continuous and uninterrupted power to its cor"lsurn'ers.

Normall,, it 1 boiler fan fails in a conventional unit, the
utility will immediately take steps to repair it aﬁd the unit is back in
operation in the shortest possible tirne. In nﬁclear plants, however,

in case of a small reactor leakage or a pump failure in the coolant
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systein, the Commission will intervene -and will make a very thorough
inspcciion and evaluation of the incident and will not permit the restarting
of the unit until all assurances have been made that the failure has been
corrected, and that all necessary precautions have been met to prevent
a2 reoccurrence. This action delays the restoration of the unit back

in the line, scriously impairing the utility's ability to serve power to
its consumers. For systems within the Continental U. S. this may

not be a very important consideration, since the interconnections will
allow a certain nature of protection between the systems. However,

in Puerto Rico, being an isolated system, a delayed éutage of this

sort may become very critical.

Furthermore, in the U, S., due to the proximity to the supply
sources and the availability of trained personnel, the repP.i-rs will be
accelerated permitting the restart of the unit in the shortest possible

‘time. In Puerto Rico, an additional difficulty arises dus to the Iac‘t- that
neither the personnel nor the parts are available on short nntice.
7. Backfitting -

One of the most important factors which have led utilities in

"~ the U. S. to seriously consider backing out of nuclear reactors is
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system is a mwoving target. Changés in design can come at any time
and on any system. This can aff(—‘ct‘ both plant costs and schedules.
Cosls also go up because of redundancy that often goes beyond
engineering necessity. It dous not seem reasonable to develop a
safeguard for a hypothetical event that has élready been precluded by
another safeguard',

8. Need for specialized personnel -

Nuclear plants require highly specialized personnel in all
phases of construction and operation. The Authority acquired sub-
stantial experience from Bonus, but even the highly-' trained vperating
personnel developed by the Authority would have to undergo specialized
training in (;rder to operate the large scale nuclear reactors that are

planned for the future. But even more important are the requirements

. for specialized personnel during the construction process., If some-

thing has been learned out of past experience, it is that nuclear plants
require much more sPécialization in all phases of the ~onstruction

process, including erection, welding and électrical connections. Due
to the large number of nuclear orders during the years 1966 and 19677,

this kind of specialized personnel is in short order today. Furthermore,
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this kind of personnel is not available in Puerto Rico.. We will have
to develop specialized personnel by the slow and painful process of
training people in the United States, or else we will have to import
these skilled workers, craftsmen, or technicians at a great cost,

The shortage of highly specialized personnel and the competition
within the industry for the available services is a somber problem
facing the industry,

9. Financial! market conditions -

+

This is a very important consideration. The nuclear units
will requive at least a forty-million dollar expendi;cure per unit over
and above the cost of an equivalent fossil-fired unit. Although the
Authority's financial position is such that it can obtain thf:é& funds if
~necessary, the present shortage of money in the financial market
will not make this an easy task. The nuclear alternztive requires a
larger debt to equity ratio, and a wise financial strategy indicaté:s that
under the present money market conditions the Authority should limit

‘_its expansion pattern to the lowest possible figures, and restrict its

future expenditures to the bare essential needs.

To go into the market for a larger amount not only lowers the
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ge of the Authority as defined by the Trus.t Indenture, but alsc
may-increase the interest rates and .CULLId probably affect the rating
of PRWRA bonds in the financiai circles.

It has been deterinined that the Autho;ity has the earning
capacity, and the financial backbone to withstand these conditions.
However, it is wise to be cautious in the light of the present rmoney
market conditions, unless a very compulsive economic incentive is
behin< the decision to go for larger amounts of money.

It is fF)r this reason that the return on investr‘n.ent method of
fixed charges evaluation as proposed by Mr. Walton Seymour, seems
to be a prudent course. It also appears advisable thiat the return on
investment slhould not be telow the actuzl cost of moeney, that is, at least
5.5% so that it can bear the test of a prudént;a. investment. Undoubtedly,
any decision based on c.as'r flow, which might endanger the formation
of equity, based on long range predictions which cannot be ascertained
under present conditions, is very risky in the I’

o tt of the present financial

_ situation,
It should be noted that the Authority's coverage, which at
present is in the order of 2.3 and which has been steadily increasing

during the past years, is ¢xpect.d lo dip to 1.8 with the nuciear units
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expansion program. This will not enhance the pesition of the Authority
in the financial market in view of its large indebtedness, the present
conditions of scarcity of moncy and « market of soaring interest rates.

10. Cyclic pattern of nuclear sales -

It appears that the Aul'ho.rity's bid came out at a very unfavorable
point of the nuclear sales cycle. The years 1966 and 1967 saw a great
boom inthe ordering and announcements of new nuclear units (1}).
While in 1965 nuclear sales amounted to only 27% of all the power
plant additions during the year; during 1966, 63% of the total capacity
announced during the year was in nuclear units. ~That is, a total of
22,477 megawatt electric out of an irdustty total of 42, 573 megawatt
electric. This trend slowed down during 1967, but still showed a
healthy 45% of total sales and the total amnount of nuclear capacity
announced during the yez- increased to 26, 46U megawattsrelectric.

During 1968 the announcerients on nuclear units d{;clined only 35% of
the total and the amount decreased to 15, 148 Mwe During the last

part of the year 1968, delays, increased cuc.s ard operating problems,

specially in the nuclear units under construction shocked the industry

(l.) Central Station Nuclear Plants - (Ex. 3-15) AEC Division of
Industrial Participation - January 7, 1969
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experience. Considerable pressurc w;“ts brought at Manati by a large
comiuunily group with political overtones against the establishrment

of a nuclear unit in the vicinity. The Authority was finally able to
convince everybody of the safety aspects of nuclear units. However,
these groups have a tendency to regroup and may in the future hamper
or impede the establishiment of nuclear units. This has happened in
the United States quite a nurmnber of times.

The latest scare book, which appeared on the marlfet in
February 1969, is called "The Careless Atom'!, by Sheldon Novick.
The book is just a recount of several well known- nuclear incidents
jN]liCh do not in the lezst reflect on the excellent safety record of nuclear
power reactors. However, it has had the effect-‘p-f strengthening the
campaigrs of en>mies of nuclear reactors and it will take some time
before its effects are completely éliminated.

15. Decommissioning of auclear plants -

Despite t'.e proper maintenance prograrm, a time will be reached,
30 to 50 years, after plant initial operation in Which__the operation of

a plant is not economically feasible. This may be so when the end of

the useful plant life is reached 6f because of obsolescence. When
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this hippens in fossil plants, dismantling of the various systems can
be scheduled as if it were a construction job in reverse. The site

can be cleared at relatively low cosi, and even a new modern fossil-
plant built without too much problems. In the particular case of a
nuclear plant the dismantling job should be preceded by an AEC
decommissioning program which clearly specifies the end conditions
of the site. All equipment which came in contact with the primary
water will be decontaminated. A decontamination program must be
followed and arrangements for removal and burial mu..st be worked out.

Although the occurrence of closing down ¢f plants is not common, it

will cost much more to decommission a nuclear plart.
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STATEMENT OF MODIFIED CONCURRENT OPINION

By Rafael R. Ramirez
Member, Evaluation Comrmtte

In its final recommendations in connection with the proposed ins-
tallation of a 585, 000 KW nuclear generating unit at a much higher cost than
an eaquivalent conventional fossil-fired unit,the Fvaluation Comrmittee con-
cluded that it is not in the best interests of the Puerto Rico Water Resources
Auvthority at this time to undertake such a venture.

I fully agree with this conclusion. Furthermore, I would like to point
out that in my opinion the documents submitted in support of the nuclear unit
did not cover all the factors that should have been taken into consideration in
analyzing this type of unit.

CAPITAL COST FACTORS

The estimated cost of the nuclear unit does not include the differential
in regard to the land acreage that must be purchased for a nuclear unit, as
compared with that needed fer a conventional init., It is a well nown fact that
the nuclear unit requires a radius of hal{ 2 mile or more for a safety zone
within which no one will be allowed toslive. The investment differential on thlS
.score could conceivably amnount to as much as $1, 000,200,

Another item no. Iincluded in the ec~ost ol .he nuclear unit was the diffe-
rential relating to the cos* of educoting ar traiiine the personnel that would
operate one or the other type of plant. In my judgment this differential would
run into at least $2000, 000,

It seems to me that the differential in investment cost between the
nuclear and the conventional unit is too low in comparison with figures which
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—mislic evaluation favoring a nucleas unis would have decreased seriously, confirming
the criteria repeiatedly expressed in currenr industrial and technical litaraiure on the
sudject, that nuclear units zre ¢
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No througn study was made 1o show, through adeguatie computer prograrm-
ming, tne Ifeasibility of a conventional "cyclic unit' in cur svstem, and the hour by
houroperation to be expecied from such a unis, "Cyelic units" have been placed on
the marxet with a view towards loweringz investment and operational costs. In our
system a unit of this type could help to cevelop the power market and rise the demand
until suifficient load growth is atizined 1o justify a base load unit that will not "canni-
balize' the other high-efriciency base load uniss that we have zlready on order or undex
construction. With a "cyclic unis't the Coverage now required for servicing the bond
indebtedness is bound to improva rather “han decrease. The coverage ratio is an indi-
cation of the margin left over, alter diresct operating expenses, for capitalization,
interes:, depreciation, coniribution in "lizuw of taxes'’, insurance, erc.,




As far as installed capacity is co‘ncerned, our position at the present time
is precarious. Practically all of our major generating units are of the "reheat' type,
intended for 24 hour service and offering very little flexibility for daily shut down.

If we continue addirg large basic generating units, especially nuclear ones, the pro-
blemn of shutiing down at light load will becorne niore serious. In terms of capital
costs, we would be simply replacing conventional basic generation with nuclear basic
generation, at greater original cost, just to obtain slightly lower fuel costs. We would
be increasing the system's total operational cost, thus reducing the coverage margin
available after the "nef operating cost." This is what I call "cannibalism .

T
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V  SUMMARY AND RECONMMENDATIONS

This is one of the most thorough economic evaluation over
done by PRWRA and perhaps any power utility towards the decision
between nuclear or fossil-fuel gencrating units. Three independent
studics were made. The reputable engineering consulting firms
Burns & Roe and Jackson and Moreland Division of Uniled Engineers
prepared scparate and independent reports. A completely independent
production run cost study was performed by the Authbrity's Planning
Division. The final overall evaluation was prepared by a Special
Committee appointed by the Executive Director cornpospd of the Vice
Fxecutive Diréctor, the Assistant Executive Director for Power,
Electrical Planning, Finance and Personnel., the Chief Engineer, the -
General Manager for Adrr;inistration and services and the Power
Consultant,

The Burns & Roe s.tudies consist of a bid evaluaticn, (1)
construction estimates for nuclear and fossil-fired equivalent units (2)

(1) Evaluation Report on Two-500 Mwe Electric Generating Units
B & R#W. O. 2580 - 03 - June 21, 1968

(2} Report on 500 Mwe Power Plant - B & R #W. 0O, 261€-01
April 15, 1968
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and nuclear fuel studies, An ¢conomic évaluatign based on given para-
meters was made. An investigation was also made of three nuclear
units under construction and three units in operation. (3)

The Jackson and Moreland reports consist of a bid evaluation, (4)
construction cosi estimates and an investigation of operating cost
parameters of similar plapts. (5) Jackson and Moreland made a

positive recommendation in faver of the fossil-fuel alternate, (6)

(39 Investigation and Rei:ort on Three Nuclear Stations Under
Construction and Three units in Operation - B & R #W. O.
2706-02 - March 28, 1969 T

(4)  Bid Compa-ison Nuclear Fueled Plants - J & M
June 19, 1968 ,

{5) Review of Factors Applying to Nuclear Unit Addition
Octobe: 1968

(6) Recommenr. . ion on Nuclear Generating Capacity for Puerto
Rico Wal.or Resources Authority - J & M - April 11, 1968




The Authority conducted a number of generation expansion runs
fo]lo;ving the established planning critevia. The long range evaluations
bascd on the parameters which were initially chosen favored the
nuclecar alternate,.

The Committee investigated the reasonableness of the para-
meters used in these studies. The fixed annuzl charges used by the
Authority's Planning Division and by Jackson and Moreland were
discussed in detail. Mr. Walton Seymour, of the Resources and
Development Corporation was invited to present his views on this point.
was agreed that the Committee would look .nto the economical evaluation
under all valid conditions and that a recommendation for a decision
would only be made after the vhole range of situations were thoroughly
examined.

The results of the economic s.f.udies were fohnd to be rﬁarginal.
Certain projections favored the nuclear decision, while a more
conservative approach favered the fo-i! fired L.e-ision. No really

"significant factor could be obtained which peinted with absolute ce;rtainty
to any one of the criteria used in the studies.

Since no definite economic advantage could be found in favor

it




of any one of the two alternates over the other, a very close scrutiny
was made of the overall situation of nuclear units. The commercial
puower reactor situalion at present is very confusing. A large number
of utilities are backing out of their nuclear commitments because of
the general tendency toward increased costs, long delays in deliveries
and additional backfitting derpands on the part of the Atomic Energy
Cormmission.

A number of utilities in the 66" and 67' were committed to
nuclear units in what might be termed ''distress sales! by all manufacturers.
For exrmple, stations such as Oyster Creek, the TVA and Turkey Point
were contracfed at construction costs of arcund $‘1_OO per kilowatt,
Nuclear power plant construction costs today are twice as much. The
terms then offered were such that L.itilities-cogld not_‘refus‘e. them and
in consequence a nuclear boom followed. The after‘r‘natl'; of this rush of
orders were increases costs causing the slow down an puéiear orders
that we are now _xperiencing.

The Planning Division of the Authority ha% determined that the
1975 unit is no longer required as a result of the postponement of the

ALCOA project. Furthermore, it is the recommendation of the Special

‘s




re

Committee that the 1976 base load unit b.c a fossil-fired unit. This
recomunendation is based on the following reasons:

1) The economic advantages, if any, that are foreseen on
the nuclear units may be offsct by circumstances in the future. The
optimistic nuclear forecasts have not yet materialized.

2) In the absence of clear economic advantages favoring the
nuclear units, the Authority should follow the conservative attitude of
continuing its present trend of fossil-fuel units expansion. The Authority
and the entire power utility industry have a,very solid and abundant
experierc.: on this line.

3) Since cominercial experience on the large size nuclear
reactors will ~ot be available until-some time late in 1972, it is recom-
mended that no fu_ther nuclear bids be issﬁled‘ until Fhis exéerience is
available and nuclear costs can be reliably ascerte_xmi‘n'ed. .

4) The Autbority should continue including n-u,cléar units in
its future expane’on swdies. The planning process should consider
niclear units in the expansion runs using the cosf parameters obtained

from past nuclear bids and information that may be obtained by closely
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following the expericnces of others. Nuclear developments should be
watched very closely, since it is believed that nuclear units will
eventuzally overcome their present difficulties and will compete in
economic terms with the present fossil-fired units used by PRWRA.
Although some of the paramecters uscd by the Comrmittec are
different from those used in the Jackson & Moreland reporls, the

Committee is in agrecment with the recormmendations of the Consulting

Engincers that a nuclear decision should not be made at this time.
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'Ferré se retira en el 80™

PONCE (AP) — El ex gobernador Luis A. Ferré dijo
que al concluir su término como Presidente del Senado
no volvera a postularse para cargo electivo algune, dan-
do paso a la juventud . :

Ferré hizo e] comentario en Ponce al participar en un
programa radial, y comenté en tono jocoso: “*He cumpli-
do con Puerto Rico por ochenta afios y hay que darle
nuevas responsabilidades a la juventud”’. g

E! Presidente Fundador del PNP cumplird préxima-
mente 76 afios, y asegurd que cumplird el resto de los tres
afos que le quedan como Presidente del Senado.

“Yo no rehiyo responsabilidades y siempre cumplo’

con las obligaciones quese me encomiendan®; aftadid.—~:.

Un grupo de dirigentes del PNP, sobre todo en Poncee, - -|.

han estado presionando & Ferré para que se postuleen el
1980 para un nuevo término como Senador, pero el ex-

gobernador fue claro al comentar: ““No creo que voy a

ser candidato mas nunca’’.

$in embargo, clarific6 que *'seguira en disposicion’ de

ayudar al pueblo de Puerto Ricoen funciones de conseje-
ro, y anadié: ‘Lo dnico que quiero seguir logrando es que
éste sea un pueblo feliz y viva enpaz™. .

Ferré anunci6 también que se opondra a la ley de sindi-

calizacién de empleados ptiblicos que permita-ei derecho

a la huelga.
“EL SERVICIO piiblico no debe paralizarse por na-

" da", dijo Ferré. “La ley que permita la sindicalizacion

de los empleados piblicos debe contener una clausula de
arbitraje compulsorio’. ' B
" Afiadi6 que la sindicalizacién quiere decir que los obre-

" ros tengan oportunidad de discutir cqlectivamente sus

\'

derechos y demandas.
El Presidente del Senado asg_guré que ““la huelga noes

necesaria para la sindicalizacién’.

“Debemos tener mucho cuidado en evitar que-se
puedan llevar a cabo huelgas en perjuicic del servicio
publico, estaré en contra de cualquier ley que no garanti-
¢ce ia no interrupcion de los servicios publicos”, afirmd
Ferré. - : :

Pronosticéd que “‘esta llegando el momento en que sera
necesario el arbitraje en los paises democraticos’’, pero

no quiso opinar sobre si debian establecerse en la Isla los

llamados tribunales laborales. '
“Hay que estudiar las experiencias sobre esos tribuna-

aises’' afadid,
El Presidente del Senado -abogb.porque en Puerto Rico

visarse” la idea original de construir una de ¢llas en el
Barrio Islote, de Arecibo. :

“La planta de Islote esta muerta en estos momentos, ¥
como ingeniero creo en la idea de usar la energia nuclear

en Puerto Rico’', dijo Ferré.
- EL GOBERNADOR Romero Barcel6d prometi6é duran-
te la pasada campafia politica que no se construiria en el
Barrio Islote, de Arecibo, una planta nuclear, luego de
reunirse alli con un grupo de vecinos, a quienes el ex
representante Roberto Rexach Benitez les sirvié de por-
tavoz. "y :

“Segin aumenta el precio del petrélec y del carbén

seria sabio vender esa planta; debemos empezar & bus-
car la manera de instalarla”, sostuvo el Presidente Fun-
dador del Partido Nuevo Progresista.  ~ )
Ferré recordd que en varios paises del mundo se han
instalado plantas nucleares energéticas y restd im-
portancia al argumento de supuestas fallas geolégicas en
la corteza terrestre que podria poner en peligrola seguri-
daddelpais. -, . T o

cesidad de que se instalen””:

hay que hacerlo pronto, porque eso significa economia en

* afiadié. -

millones que se prgyectb invertir para este proyecto.
Indicé que el pais “‘no puede vivir sin el funcionamien-
jpo de una vigorosa industria’’. —r

se construyan plantas nucleares, yrree que *'pudiera re--

gera necesario recurrir a las plantas nucleares y no sé si.

“Yo recomendaria que se instale la planta nuclear y

* combustible, porque el mundo va camino de hacer eso”, -

i

J

Alegé que “‘ha estudiado -cuidédos_amente‘,' este as-
_pecto y comentd *‘los riesgos son cqm_pa_tible_s con la ne- -

Reveld que el gabierno esta pagando cinco millones de
' d6lares anuales en intereses por el préstamo de cien '
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Puerto Rico Energy Study

With escalating petroleum prices and alleged shortages imminent,
it is essential for atl world communities to assess their energy resources.
To an active island community like Puerto Rico, which has no known
fossil fuels of its own, recognizing the need for long rang2 planning in
the development of alternate sources of energy is vital to continuing
economic stability.

For this reason, the Governor of Puerto Rico established an Energy
Office in 1979. About the same time the President of the University of
Puerto Rico took another important step to secure the future by asking
the Director of CEER to initiate an analysis of alternate energy systems
and to identify the most promising, economically viable sources that
might meet Puerto Rico’s growing commerciai needs. CEER responded
quickly to the challenge with an extensive investigation.

To provide a meaningful scenario for practical development, the
study's principal investigators, Modesto Iriarte and Rafael Sardina
projected the island's needs up to the year 2020. Potential costs were
charted for the pericd under consideration, -and as if to dramatize the
need for alternate sources of energy, the crescendo of oil prices was alsc
projecied.

The conclusions of the comprehensive examination of Puerto Rico's
options included a highly favorable endorsement of biomass as a short
term solution. OTEC development was encouraged for the next decade. In
another area, though their cost is currently too high, photovoltaics might
evolve to a significant factor by the 1990's. Wind energy is already being
successfully harnessed, but of all the electrical generation systems
tooked at. this concept presently appears to be the least favorable in
terms of initial capitol investment. Wind turbines might displace oil
costs, but not coal costs.

In sumrmary, the socio-economic implications for Puerto Rico for
the development of local alternative energy sources indicate benefits in
the range of billions of dollars of annual increases in productivily and
reductions in unemployment by over seven per cent.

Fossil Fuels

What are the right physical, chemical and bicological characteristics
for Enhanced Heavy Qil Recovery by microbial means? That is what this
project has been attempting to find out. If we find organisms capable
of releasing crude oil attached to sand or rock matrixes from marginal
wells or “"spent wells", and if we improve our knowledge of the
conditions required for such release, then we can possibly design a
process applicable to field conditions. To this end during the past year
we have continued exploring micro-organisms selected from benzothio-
phene or high sulfur, high aromatic crude oils containing media that are
active in displacing adsorbed oil. Once good activity on natural oil
bearing minerals is found, the active organisms will be studied for
laboratory growth under reservoir conditions {insofar as known) for
conditions favoring optimum growth and/or gas or detergent production,
etc.

Of the mixed aerobic and facultative bacterial systems studied in
the release of cil absorbed to limestone, four were shown active. During
their period of exposure to the organic substrate, little if any acid was
produced ruling out oil displacement by dissolution of the matrix. Since
it is obvious that limestone could not duplicate the complexity of an oil
well, other oil-sand matrixes, including natural ones, are currently being
studied. The simplified models, however, are explored to gain some
insight into the mechanism of oil displacement. Oil displacement
studies were conducted by determining the released oil chemically via
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dichromate oxidation. Some oils have been found to give inconsistent
colors because of charing. In those cases analytical methods such as
GC or HPLC are used. Of those found active. two of them (V-2047 and
V-2048) isclated from a Venezuelan underground oil reservoir were
separated as pure cultures, then were identified, and are being
characterized for growth under caonditions of different pH, salt concen-
trations, temperature, and nutrient limitations. They were also found to
reduce the surface tension of the growth media indicating the presence
of biopolymers or hiosurfactants. The aqueous phase obtained from
cultures of these organisms in the presence of Morichal crude oil is
being analyzed for mutagenicity utilizing the Ame’s Salmonella Test.

Some of lhe isolated micro-organisms changed the composition of
the oil as evidenced by the change in the aromatic/potar ratio and
changes in the protile of paraffinic compounds before and after bio-
treatment. Results indicate that organisms selected for their action on
benzothiophene can grow well on crude oil while others do very poorly
and are diverse in their nature and their properties. We would expect
the 'same diversity among organisms seiected for the property of
releasing oil from mineral-oil sources.

During the past year informal agreements were reached to jointly
explore with Venezuelan scientists and engineers, under DOE-Venezuela
support, this area of research. Detailed work plans for further development
in this complex field are currently being formuiated with the participation of
the Venezuelan Institute of Petroleum Technology.

Community Awareness

CEER's Efforts In Community Awareness and Public Participation

During Fiscal Year 1980, CEER was actively involved in community
awareness programs and public information related activities in the fields
of energy and the environment. CEER scientists participated in seminars,
workshops and lectures and in an advisory capacity with a number of
private and public organizations which have an interest in education, civic
work and consumers,

Important activities in these areas included:

» Technical and financial assistance to the Puerto Rico Department of
Education on preparing the program “Energy, Today and Tomor-
row”. This program is a special exhibition on the energy crisis,
with emphasis on the Puerto Rican scenario. It is being presented at
high schools throughout the island on a daily schedule.

* Technical advice and lectures were given by CEER scientific staff as
part of the energy and environmental projects of COTACO - Worker's
Committee to Aid the Consumer, a local non-profit consumer
organization. One of the principal contributions was with project
“Enersoi” which consisted of lectures on energy conservation and
step by step instructions for the construction of domestic solar
water heaters. Another activity involved the “"Community Environ-
mental Awareness Project”, comprised of a series of lectures and
seminars to 52 community leaders representing communities with
specific environmental problems throughout the island.

s Lectures on energy alternatives and conservation were delivered to
high school students.

s A one day seminar was given for the League of Woman Voters on
alternatives for harnessing solar energy such as photovoltaics,
biomass, OTEC and energy conservation,
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The U. S. nuclear power

The U 8. nuclear power piant manufac-
turing industry may be in its death
throes. So says no less a passionate pro-
ponent than A. Philip Bray, vice-presi-
dent and general manager of General
Electric Co.’s Nuclear Power Systems
Div. in San Jose, Calif.

About 2% years ago, domestic orders
for nuclear power plants were dropping
sharply because of falling energy de-
mand, severe regulatorv problems, and
the growing financial distress of many
electric utilities (BW —Dec. 25, 1978).
But now the export market also is drying
up because foreign power plant buyers
can get better financing
terms, if not technelogy,
outside the 1i. 8

GE sull haz 45 nuclear
power units under con-
struction, including 12
overseas, according t{o
Bray. But it has not signed
a new construction con-
tract in the past five vears,
and unless it gets consider-
able new business in the
next couple of vears, man-
agement may elect to get
out of the business

Irvin C. Bupp Jr., asso-
ciate professor at Har-
vard's Graduate School of
Business, thinks the U. 8.
industry’s struggle to hang
on may already have been
lost. “There are not going
to be any more nuclear
[power plant] orders in the
U. S. this century,” he pre-
diets. There will be some
from foreign buyers. But
soon “all four remaining
1. 8. vendors have to decide whether
they will continue to commit resources
to an industry with no growth pros-
pects.” This includes GE and Westing-
house Electric Corp., as well as Combus-
tion Engineering Ine, and the Babeock &
Wilcox Div. of McDermott Inc.
Pervasive pessimism. Dropouts could
come sooner rather than later. The Edi-
son Electric Institute believes that even
with U. 8. energy demand,growing at a
scant 2% annually, the nation’s utilities
will have to spend $485 billion by 1990
on new power plant construction and
much of this presumably will be nuclear.
But others think that this is so much
opium-puffing. Harvard's Bupp, for ex-
ample, figures that even without nuclear
power additions beyond those on line in
1979, the electrical service margin for
U. 5. utilities will still be about 35% at
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GE’s Bray: "it's the 11:h hour’ for

an embattled nuclear ¢lant industry.

costs for nuclear plants under construc-
tion, and a holddown on sovernment
licensing since the 1378 averdent «f one
of General Public Utilities Coup's Three
Mile Island power units, mast investor-
owned U.S. electric power companies
are mired in deer financial trouble.
Since 1975, they have canceled coniracis
for about 5C nuclear plants, 18 in 1930
alone, and are (,(fvrrin;.t many more
orders. This 13 what makes sales of
nuclear plants {o foreign buyers 30 im-
portant. “U. 5. manufaciurers have pot
to be able to sell in the foreign market or
they wen't stay in business,” warns
EPRI's Starr. “It's iheir only market
right now.”

A dearth of orders. Now the overseas
market for U. 8. vendors is also failing,
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theer the o flve years, Westinghouse
clanns tihas rore than $4 billion in for-
elyrn orders for nuelear plants, fuel, and
services buve been snatehed from UL S.
manufacturers partly because potential
biivers could not get financing help in
the U. 8. Ae 2 result, the U. 3. share of
new international projects in that period
dropped from T0% to less than 50%. Of
10 overseas orders last vear, U. S. manu-
tarturers got none. This is eritieally im-
woertant in the absence of new orders
wside the 1.5, says Theodore Stern,
exeeutive vice-president of Nuclear En-
ergy Systems for Westinghouse, because
“maintsining the technological leader-
ship we've enjoved ean only come from
exnporting to other countries "

There are four times as many nuclear
iunit planned or under construction out-
side the . 8. as in this country, accord-
ing e the Atomic Industrial Forum.
And perhaps ironically, most overseas
5nits are hwelng bullt by foreign licensees
of Y1 5 plant designs. France's Frama-
tome, for example, is a Westinghouse
orotegé, while GE has technology trans-
fer apreements that are being turned
into pawer plant orders by Japan's Hita-
chi and Toshiba. The latter two compa-
nies, along with Tokvo Electric Power
Co. and five other Japanese utilities, are
currently working on a GE design of an
advanced boiling water reactor that will
be simpler and therefore cheaper and
safer 1o operate than current models.
And they are making sueh progress that
they now are “almost equal” on the tech-
nical side z2pd “may be better” in manu-
facturing hardware than U.S. compa-
nies, hoasts Masao Takuma, assistant
manager of Tokyo Electric's General
Planning Div. . )

A financing hurdls. Moreover, foreign
governments often underwrite nuclear
sales, especially in Franee, where manu-
facturers have six export units on order
er under construciien. In Framatome's
sale of two 900-Mw reactors to South
Korea last November, for example, Ban-
que Frangaise du-Commerce Extérieur
agreed Lo finance 85% of their cost atan
interest rate of only 7.6%. In the U.S.,
by contrast, the Export-Import Bank
might finance 65% of an overseas nucle-
ar plant sale and would charge 105%
interest. For two puclear units on which
Gt and Westinghouse are now bidding in
Talwan, the interest rate differential be-
tween the 1. 5. and French terms on a
$1.6 biilion loan could easily top $300
millicn over the life of the project. Says
Starr: “All manufacturers can now make
nuclear power plants that work, so the
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Epvpt, as well as Talwar, the financiy’
hurdle--what Westin v}lm":f s Stern
terms “predatory Cnancing”™
killer. Westinghouse even sugpests L' al
France may see an oppertunity “wo
knock out much of s global competition
if it can dominate the [power plant]
export market over the next few vears.”

In cases where a nuclear power plant
sule may be part of a package of other
exporis, Frunce is now prepared to pro-
vide up to 100% financiag to wesld-be
buvers. And despite Sociabist President
Francois Mitterrand's vow o roin in
France's ambitious domestic nuclear
program, French foreigm trade officials
expect that this will have no effect on tg
“full battle” for export sales Indeed,
Mitterrand has pledged to doubie French
aid o developing countries fmm 0.37%
to 0.7% of his gevernmeni’'s gross na-
tional produet by 1988,

Not surprisingly, U S power
vendors weuld like similar ventment
from the U. 5. Export-lmport RBank
the form of subsidized lvans Bui thes
are very unitkely te pet it. And tha
means that the survival of 1. 5. nuclenr
power plant makers may depend on help
from somewhere else—perhaps from an
international agreement such as the ac-
cord worked out recently hwetween the
U. 3., France, Britain, and West Germua-
ny that limits interest rates on aireraft
export loans to 12%.

Licensing referm. But this will not salve
the domestic industry's fundamental,
long-term problems at home. And to this
end, it is lobbying hard in Washingion to
get changes in present licensing rules.
Particularly cosily and unpecessary. it
believes, is a provision of the Atomic

The last four bullders
may have to qult a business
that is getting no orders

—eould e oy

plant

Energy Act that requires a detailed
review of every new power plant, regard-
less of how many times its design has
been used, plus a two-step review for a
construction permit and an operating
license. This time-consuming process
means it takes about 12 years for a new
nuclear plant to be put into commercial
operation in the U. S, double the time it
took a decade ago and double the time it
now takes abroad.

The industry has long argued that
duplicative reviews are unnecessary, but
it has received little sympathy. Recenily,
however, Morris K. Udall (D-Ariz.),
chairman of the House Interior Cornmit-
tee, said he now believes “a high degree
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Lodo, William Miranda MNucin EFE “80 B 50
Dircctor Ljecutivo Nuzizae, gnv. & Q. A
Autoridad Jde las Fuentes
Pluviales Jde Pucereo Rico
G. P. O. Box 1267
San Juan, Puerto Rico (6936
Estinado Jicenciado Miraanda Marin:
En su pasada Asonblea Ovdinacia, cn agosio de 1975,
¢l Colegio de Ingenicros, Arquitvctob ] f;[?:ﬂw~ozus
de Puerto Rico nombrd una Cowisidn fspecial pa
1 Gsta-

EStudiar 1l Preoblewmiticey welaglomda van o
blovimienlo de Centrdl ey NOSLeacds Téne vif rives de
Energfa Eldctirica en Puerto Rico cono alterastiva
a la solucidn del problema de cnervfa.

Esta Conisidn ha determinado que necesita obtener
cierta informicidn y datos que le permiian cvaluar
cste dificil problema. Es, por lo tanto, que
respetuosasiente solicitamos de su aygencia que
efectle una prescitacidn sobre cstos aspoeciaos 4
esta Comisiton si usted asi lo consideva comvionionte
Cemo el tiempo otocgado por la Asamblea del C.1.A. A
para rendiv un informe sobre este problena
0

Cs
le agradeceriamos €sto fucse lo mds pronto pos biﬂ
g

Sugeririanos cualquier lines, batftes o witveples e
la noche_ durante 9;711gb de noviecwbre. Eutre la
informacidon que necesitariamos de 511;\gcnci¢1 en

estld prescentacidn estarin Ia sigutente:

1. Capacidad gencratriz a estar en opericion
£ 6 L
para cl ano 1985.

4. Tipo y capacidad de cada central generatriz
a instalarse durante csos anos.,

limitado

»
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l.edo,

i

10.

11.

novivihre de 1975 g e

by : s L
Wil liam Mivonda YarTn d

Flusentos ccondaicos que Indicaron que la
central gencralriz a ponerse en uperacidn
en el ofio 1985 deherd sor una central
nuclear de aproviundanente 550 Mile en pre-
ferencia a wna contral (6<il de 1a misma
capacidad,

Resumen de costos de operacidn por We-hr
en central nuclear y en central {6sil.

Inpacto en tarifas Jde encrgia eléctrica
cuando inicie opervaciones la primerva central
nuclear; segunda; tercera, cuarta, etc.

Organigramas actualizados de personal cuya
oficina o base de operacidén radicari o radica
¢n la central gencratriz (nuclear y i6s11).

Costo dc cntrenamiento de personal para
central nuclear y para central {ésil.

Lugares que estdn siendo considerados para
centrales generatrices adicionales, tanto
nucleares como {6siles (Zesde 1976 en adelante).
Cantidad de terveno a utilizarse en cada caso
(estimada si no hay actual). Cantidad

cstimada de agua a utilizarse en cada caso.

Confiabilidad del sistema eléctrico de Puerto
Rico cuando se instale la primcra central
nuclecar; la secgunda; la tercera; la cuarta

Yy la quinta. Comparacidén si estas unidades
fuecran {6siles cn vez dec nucleares.

Inversidn hecha por la Autoridad de las Fuentes
Fluviales en la Central Nuclear BONUS de ncdn,
Pucrto Rico; en la descartada Central Nuclear
de- Aguirre, Pucrto Rico.

PErdidas ccondmicas reflejadas en libros
atribuibles a inversiones y gastos relacio-
nados con la Centvual Nuclear BONUS; con 1la
proycctada y ahora descartada Central Nuclcear
de Aguirre, Pucrto Rico,
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oo, wWilliaea Mivoaads Ho i

Liencian que sabenos

Gracias anticipadas por la
appte asunto.

hebri de darle a este import

Atentamente,

ég ,
\xﬁzﬂuﬁygpﬁc BT o
S I ;_-_/_ - -

In José Francisto Quiiones

C;ﬁfc;idehtq5

mcy
cc: Dr. Juan A. Bonnet
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22 de julio de 1976

A Ing. José Francisco Quifiones, Presidente
Colegio de Injenieros, Arquitectos y Agricansores
Q
5/
Ce : Ing. Rafael Cruz Pérez S Presicente
Comision Investigadora-Problamdtica Plantas “uclogros

Asunto : Comisién Problemdtica Plantas hucleares

En base a la Resolucidn Nim. A-004 de la Acsuiblea Anual
de nuestro Colegio de 1975, ncrbrd usted una Comisidn Investigadora
Ccorpuesta de los siguientes mienbros:

U
p—
O WSO WA

Ing.

Rafael Cruz Pérez, Presidente

Agrim. Juzn Arvelo Dfaz

Arg.
Ing.
Ing.
Ing.
Ing.
Ing.
Ing.
Ing.

Fernindo Irizarry Rodriguez
José E. Antormattei Cruz
Alfredo Herez Gonzilez

Juan G. Muriel Ficueras
José R. Deliz Alvéarez
Manuel Marguez Rivera
Guillerimo Pérez Martinez
Carlos Raul Guerra

Esta Comisidn celebrd un sinndinero de reunicnes con el
propGsito de cumplir con el requerimicnto de la Resolucicn inclu-

O “““yendo, una vista piblica para los miembros de este Coleqio ¥y varias
' " "Treuniones con acencias Y personas instruidas en este Caimpo.

g La vista zdblica, fue celebrada el <ibado 18 de octubre de
- 1375, en el Colegio de Ingenieros, Arquitectos y Agrimensores dunde
§- depusieron las siquientes PErscnas:

Ing. Juan José Sinchez
Arq. Gonzalo Fernds
Dr. Dorald Sasser

Dr. Juan A. Bornnet

Luego de encontirarnos en etapa avanzada, la Autoridad de
las Fuentes Fluviales determing e hizo saber pUblicamente la sus-
rensidn de sus actividades en el cerpo de la znargtfa nuclear por

Lienpo indefinido.

La Autoridzd de las Fuentes Fluviales indicd

como razdn bdsica para esta proposicidn, que Puerto Rico no necesita
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una planta nuclear por los proxinos diez ains (1985); y que el alto
cesto del proyecto requeriria unos financiamientos demasiado altos
para las circuntancias del mercido actual y de Puerto Rico,

Se indich aduvds, que la Autoridad continuard explorando
cicdios alternos que Te peruitan producir encigia eléctrica que
recrosente costos mds bajos en las tarifas de energia. Dada esta
situacidn nuestra Comisidn determing el no continuar con los tra-
bains sobre plantas nucleares.

Aldn as? y ya que a travds de las reuniones, vistas y entre-
3s contibamos con algunos datos sobre la problemdtica energética,
Conisidn considerd pertinente el investigar la situacién energitica
rto Rico mds a fondo y. el impacto que esta situacidn nudiese
en nuestro Colegio.

ct (I
pia’}
m )
S =
18

De nuestras investigaciones surgen varios hechos sumamente
dramiticos, Tos cuales pueden tercr un impacto decisivo sobre el
futuro econimico, politico y social de nuestra Isla. Puerto Rico
depande casi en un 100% de ecrergia producida por combustible fgsil
pira 1lenar asi sus necesidades. Este combustible £6sil proviene
en su totalidad de fuera de Puerto Rico, de unos pafses que cueniion
cen la mayor parte de las reservas mundiales de este producta.  Se
conccen unas rescrvas de corbustibles f6siles en el mundo que de
continuerse la utilizacifn de la razin actual consumirian todo
este petrdoleo en el plaso de una gencracién.

Al presente no existe una alternativa tecnoldgica que por
si sola pucda sustituir ni siquiera una parte significativa del
petrileo que es utilizads como combustible. La energia nuclear
ain tiene un vacio en tecrologfa 1o cual no ha permitido que &sta
Pase a ser el sustituto del petrdleo. Sin enbargo, cresnios que es
totalmente factible, el que se pueda lTograr en un Tuturo no lejano
el desarrollo de eneryfa nuclear limpia, segura y eficiente, y por
tanto detemos fomentar un programa de planificacidn energética
tendiente hacia el desarrollo futuro de esta fuente de energia.

Lueqo de considerar las principales alternativas para uso
de energia, pocemos concluir que en base a la tecnologia presente,
la produccidn de energia eléctrica en cantidades significativas o
ecenémicamente factibles por medio de fuentes tales coro la energia

solar y 1a fusidn nuclear se encuentran de veinte a treinta afos en
el futuro.

Si consideramos que dado el valor finito de las reservas
de petrélec en el mundo, el precio de 8ste continuarg incrementdn-
dose, y ante los conocimientos y desarrollos tecnoldgicos actuales,
¥y de no haber un hallazqo inesperado nos queda como Gnica alterna-
tiva realista y comercialmente viable de aqui al 1995 el utilizar
la energfa nuclear, o de otro modo el reducir considerablemente
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rrostro stardard de vida prescnte,  EY conjunto de estos proble s
coloca a Puerto Rico en una encrucijada en donde se cuenta con muy
sooas alternativas. Podrfazios hiblar y escribir cientos de piginas
sstre Ya megnitud de este preble 2, tal y como Yo hace todo aqual
e se siente con ganas de hablar del problema. Sin enborgo, enten-
d-.05 que uno de Tes factores principales para la crisis que afren-
teoos es que se ha dicho mucho y se ha hecho poco para resolver
nunstros groblemas,

Recuiindanos que el Colegio de Ingenicros, Arquitectos y
Lorimansores ager £s de feocetar 1osinvestigacicnes en desarrello,
te2 tina participacidn activa en Ta persccusidn de solucicnas y la
accidén positiva de nuestros colejiados en esta direccidn. Lla recomon-
dacidn de esta Comisidn es la siguiente:

Que el Celegio de Ingenieros, Arquiteclos y Agriugnsores
cree una Comisidn peruanente y asesure los fondos necesarios que
permitan las siguientes tarcas:

1. Que se inicien las actividades indicadas en los
"For Tentos" 1 y 3 de la Besolucidn A-004 del 1975, que leen couo

sique:

{1) "Que el Colezin de Ingeniercs, Arguitecios y
Agrimenscres de Puerto Rico, establezca un
programa de orientacidn al pueblo scbre la
alternativa del uso de la energia nuclear
coimo Ta fuente de energia.

(3) Que el C.I.A.A. comparezca a través de su
Fresidente o de 1os representanies autorizados
por el mismo, a todas las Vistas Pdblicas rela-
cionadas con estos proyectos de Centrales
Nucleares para Pucrto Rico a presentar a
nerbre del Colegio el contenido de esta
Resolucién.”

2. La revisidn de los cédigos de construccidén, para que
reflejen medidas de conscrvacidn de crergia en las obras a constru-
irse en Puerto Rico.

3. EY forento a través de instituciones privadas y
pablicas o de ser necesario el propio Colegio de la invesiigzcidn
de fuentes alternas de energia, tales como sol, mareas, viento,
etc.

4, E1 ofrecimiento de cursos cortos y consecutivos a
colegiados en la prdctica de la profesidn sobre las medidas de
conservacidn de energia, tecrologia desarrcllada y posibilidades
de investigacidn.
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11.

12.

13.

BIL IOV IA

ceic Powzr,. An cconomic and social analysis; a study in indusirial

lcoation and regicnal ecorciic develoyent; W. Isard, U, Whitney,
N. Y., Bulliston, 1952

Boriiet, D. Jd. The Elements of Nuclear Power, N. Y.
Wiley, 1973

Confercence on Nuclcar Energy, Public Policy and the Law, New York
Univeoesity, 1983, Editor £, J.
Blcostoin School of law

1. Atcmic Powar- Law & Legislaticn - U. S. Addresses,
essays, lectures,

2. Atonic Power Industry - U. S. - Addressss, essays,
lectures.

Cugger, Gordon L., editor; Proceedings  Third workshop on Ocean
Thermal Encrgy Forverb.on, Mcunston, Texas, May 1975

Suuger, Gordon L.y U. S, Congress Vol. 21.-10.38 (9/22/75)

A tearing on the ulo.wﬂs Ferry Nuclear Plant Fire by the Joint

Cotiitiee on Atanmic treray.

Handtook of the atomic enargy industry, Editor S. Jeffersen,
N. Y. Pitman Pub. Corp. 1958

Hcoerton, Jonn. The Ateomic fnergy Destbook. N. Y.
Reinhold Pub. Corp. 1963

International Conference on the Peaceful Use of Atomic Energy
Ist Genova Congress, 1955.

International Conference on the Peaceful Uses of Atoniic
Erergy, 3rd. Genova, 1964

Interengrican Syimposion on the Peaceful Applies of Nuclear Encrqy.

5th. Valparaiso, Chile, 1964
Washington, Pan American Union, 1965

Jaro i'ayda. Energia Nuclear y derecho: Simposio Inter-americano
U. P. R. 1966

Journal of Nuclear Energy - Revista - Pergamon Press
Auqust 1959 - June 1959

Mayne A. The prospects Tor Nuclear Energy in P. R.,
Washingtan Naticnal Planning Association, 1958

I e




I5.

18.

22.

23.

28.

26.

27.

28,

(2ib1 i graifa) (2)

Nuclear Encroy Centers, U, S, Hatiopal Latoratory,

Nak Ridae, Tenn. Nuclear Energy Centers:  Irndustrial

and agroindustrial couplexns; 0wk Ridge Mational Laboratories,
Jocrabed by Union Carbide for thoe U, S. Al-uic Energy Coimission,
llj';:")

[

Nucliear in Industry, 1956, N. Y. Pitman Pub. Corp.

huclaar Safeby - Sept. 59 Yashington, Y. S. fc.ovnient Printing
Gfiice, Indexes: Vols 123, 1959 - June 1u52

1. Nuclear encrgy - safely neasures - puricd
2. Radivactivity - safebly rtrasures - pericd

Netschert, B. C. Atonic Enerqgy Application, with reference to
urdordeveloped countries - a preliminaery swivzy, Baltianore,
conn Houskins Press, 1957

Oryinjzation Tor Economy, Coopuration ard Dev. European
Huctear Dnevgy fAgency. huclear Legislation:
cnalytical study. Crganization and gencral regime
governing nuclear activities (Paris) 0.F.C.D. 1959

Reactor Fusl Freocessing 1998 - Ataniic Enesrgy Ceianvission
Roci~an, A, Introduction fo Kuclear Power Costs
N. Y., Siisons - Brerdman, Publisher Compzny, 1959

Shilline, C. W. (editor) Atomic Encrgy Encyclopedia in the
Life Sciences. Philadelphia, W. B. Sauners, Co., 1964.

Seturry, S. H. {editor) (Traduccidn en espaiiol) Pian Economics
of Atomic Pocwer, An exploratory study under direction of S. H.
Scihurr & J. Marschak Cowles Ceorivission for Research in
Eceonciiics.  Princeton Univesity Press, 1850

Teitelt-um, P. D. Huclear energy and the U. S. fuel ecaonomy,
1955 - 1950. Washington RNaticral Planning Association, 1958.

1. Products and Uses of Nuclear Energy

U. S. Atomic Energy Cotamission. Atcmic energy facts; a summary,
1957. U. S. Government Printing Gffice

U. S. Atomic Energy Commission Report 23rd. - 1958. U. S.
Government Printing Office

U. S. P. R. Nuclear Center, Mayzquez - Sinopsis scbre Energia
Nuclear y el Desarrcollo de L. A, 30-31- de octubre de 1967.
Editorial U. P. R. 19869.
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15, June 25, 1973

Shy Atewic Power Dims Today,; Business
Y Y

AlChe, Position pazer on the need for,
Doce her 1975

; Swelsar, Electricity Consration for

mont of Accidant Risks in U. S. Cornercial
A_cm1¢ Encrgy Comission, August 1974

A Hearing on the Brown's Ferrvy Nuclear Plant Fire by the Joint Coamiitee

on Atcaic Energy.

U. S. Corgress, VYol. 21 - Ho. 38, (9/22/75).
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