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Prólogo 

El informe incluye el seguro de todo riesgo propiedades e interrupción de 

negocio (incluyendo Rotura de Maquinaria). 

El objetivo principal del informe es el evaluar el control de la gerencia en las 

actividades principales tales como mantenimiento, operación e inspección. El 

PME catastrófico tendrá que ser reevaluado basándose en las actividades 

futuras y el incremento de operaciones del negocio. 

Los Capítulos que se han decidido tocar son los siguientes: 

• CAPITULO 11. Memoria Descriptiva y Organización Gerencial: En

este capítulo se estudia, las instalaciones de la planta y el manejo

gerencial de la misma así como la estructura básica sobre la que se

soporta la empresa.
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• CAPITULO 111. Exposiciones a Riesgo: Se da a conocer los posibles

riesgos que enfrentan las instalaciones, tanto naturales como los que

pueden ser producto de un incendio o explosión.

• CAPITULO IV. Valores Asegurados: Nos da a conocer los montos

asegurados, lo que nos permitirá la obtención de la pérdida máxima

estimada.

• CAPITULO V. Estimados de Pérdida: Tema principal del informe,

nos dá a conocer los posibles escenarios en los cuales se

desarrollará la pérdida máxima estimada, tanto en su ocurrencia en

daños a la propiedad como para la cobertura de interrupción de

negocios.

• CAPITULO VI. Protecciones contra Incendio: Nos brinda un

alcance de las medidas con la que la empresa cuenta para reducir

sus pérdidas o mantenerlas bajo control, y nos da una idea de la

capacidad de la empresa para disminuir o prevenir un posible

siniestro.

Además de esto en la parte final se pueden apreciar algunas 

conclusiones que se extraen de este informe y que deberían ser 

tomadas en cuenta en los análisis de este tipo de plantas. 



CAPITULO 1 

INTRODUCCIÓN 

El presente informe brinda un alcance acerca de todos los riesgos presentes 

tanto daño a la propiedad como Interrupción de Negocios incluyendo Rotura 

de Maquinaria. 

1.1 El Riesgo 

El Proyecto de Aguaytía es el primero en cuanto a utilización 

comercial de gas natural en el Perú y consiste en la operación de una 

planta de separación, una planta de fraccionamiento de líquidos 

naturales (NGL), una planta de generación eléctrica y las líneas de 

transmisión. 

Comercialmente inicio operaciones en Julio de 1998.Tiene reservas 

probadas de gas para un estimado de 22 a 25 años. 

La corporación Maple de Dallas, Texas maneja las operaciones de 

gas bajo contrato. Maple Gas también trabaja para PetroPerú y opera 
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la refinería de petróleo de Pucallpa bajo una concesión a largo plazo 

otorgada por el gobierno Peruano. Duke Enginering & Services, 

Charlotte, North Carolina operan la planta de generación y el sistema 

de distribución bajo contrato. 

La parte de gas del proyecto incluye la explotación por 40 años del 

yacimiento de Aguaytía, localizado en la selva central del Perú. Las 

instalaciones de procesamiento de gas cerca al yacimiento están 

diseñadas para extraer NGLs en cantidad de 60 millones de pies 

cúbicos por día de gas húmedo. El Gas natural residual y el NGLs 

producido son transportados por medio de un gaseoducto a una 

central de termoeléctrica de ciclo simple y a una planta de 

fraccionamiento en Pucallpa la cual produce 3800 barriles por día. 

La energía Generada en la central termoeléctrica es transmitida a 

220kV por aproximadamente 392 kilómetros en una sola línea de 

transmisión. 

Esta cruza los Andes a una altura máxima de 4700 metros y une la 

planta de energía con el anillo eléctrico en la costa del Pacifico en la 

Subestación de Paramonga 

El NGLs es fraccionado en la planta de Pucallpa, en un calentador 

natural de gasolina, la cual es alimentada desde una tubería por la 
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Refinería de Pucallpa, y LPG es almacenado en tanques a presión en 

el mismo lugar para luego ser despachados en camión hacia Lima. 

No hay planes de expansión de las construcciones en el futuro 

inmediato, ya que la demanda de energía eléctrica y la venta de gas 

está por debajo de lo esperado. 

Figura # 1 Vista de la planta de separación de Gas en Zorillos. 
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1.1.1 Equipos 

Las plantas de procesamiento fueron construidas bajo los 

estándares más estrictos de seguridad tanto en los USA y 

todos los recipientes a presión están certificados por la National 

Board Certified. La tecnología del procesamiento de gas es 

convencional y se encuentra bien entendida. 

La distribución de planta se puede considerar como buena, con 

los procesos en forma lineal y las fuentes de ignición como los 

calentadores de aceite están colocados lejos de las áreas de 

proceso. 

Todas las plantas están equipadas con sistema ESO, el cual se 

activa desde el cuarto de control o desde el campo mismo por 

medio de botones pulsadores, los cuales cierran los ingresos y 

salidas a las tuberías. El sistema de quemadores tiene un alto 

estándar e incorpora un doble bloque que permite aislar el 

suministro de gas. 

La posibilidad de que se presente sobre presión por vapor de 

gas es· considerada mínima debido a la ausencia de 

congestionamiento o de áreas confinadas en las plantas. La 

mayor exposición se encuentra por parte de "jet fires" y "spill 

fires" originados en el sistema de calentamiento de aceite el 
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cual opera cerca de su "flash point". El LPG almacenado en 

Pucallpa y Manantay presenta exposición a "BLEVE". El 

gaseoducto esta construido en zonas de jungla, lejos de las 

áreas pobladas. Esto refleja que la norma ASME B31.8 Type 3 

solo afecta 1.5 Km. del total del gaseoducto. Un error de 

diseño de ABB Randall no tomó en cuenta el daño del CO2 el 

cual causa corrosión lo cual resultó en una serie de 

modificaciones en las unidades de gas húmedo y la 

incorporación de equipos inhibidores de corrosión. El ratio de 

corrosión esta siendo monitoreado y controlado cada 15 días. 

La planta eléctrica utiliza dos turbinas a gas ABB GT11 las 

cuales es parte de una flota mundial de 1100 unidades 

instaladas en el resto del mundo. La distribución de planta es 

buena con una excelente separación entre los servicios de 

generación, transformación y los turbogeneradores. Los 

transformadores están protegidos por un sistema de muros 

cortafuego y están ubicados sobre drenajes de aceite. 

Con respecto a las líneas de transmisión, se considera que se 

encuentra bajo severas condiciones debido a los_ abruptos 

cambios ambientales debido al cruce de la cordillera de los 

Andes. Se realizan patrullajes de manera continua para 

asegurar el perfecto estado de las líneas de transmisión y en 
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caso de necesidad corregir los desperfectos así como para 

retirar la vegetación de los alrededores. 

1.1.2 Programas 

La gerencia de Aguaytía Energy cuenta con una vasta 

experiencia en construir y operar platas eléctricas y de gas y 

ellos aparentemente despliegan un gran esfuerzo en lo que se 

refiere a prevención de riesgos. 

El personal de operaciones cuentan con una gran experiencia 

ellos han trabajado en la industría del petróleo en el Perú 

durante muchos años, y han recibido un intensivo 

entrenamiento en plantas de gas de los USA. El uso de 

permisos de trabajo en todas las plantas fue calificado como 

bueno y el personal en los cuartos de control tiene el soporte 

de pantallas VDU que muestra los parámetros de los procesos, 

accesos a los manuales de la planta y a los procedimientos. 

El personal de Maple en la refinería de Pucallpa provee de 

mantenimiento en talleres y equipos. Los programas de 

mantenimiento preventivo y predictivo siguen de manera 

estricta las recomendaciones de los fabricantes. Las 

condiciones de todas las máquinas es buena, cuentan con 
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todos los sistemas de protección operativos. El orden es 

considerado como normal al giro del negocio. 

En la planta termoeléctrica, los ingenieros residentes de PIC 

proveen de todos los procesos de mantenimiento e inspección 

en las turbinas de gas y los generadores. No existe un 

departamento de inspección formalmente establecido. Las 

inspecciones son llevadas acabo por el personal de 

mantenimiento y están centradas en la planta de gas donde en 

el ingreso del gas húmedo se detectó corrosión. 

Maple Gas provee de los servicios de seguridad industrial a 

todo Aguaytía Energy y la actividad se desarrolla a buen nivel, 

con un comité mensual de ingeniería. Esto se refleja en la 

excelente estadística de accidentes en todas las plantas. La 

vigilancia es considerada buena en todas las instalaciones. El 

terrorismo ha disminuido notablemente durante los últimos 

años y se ha incrementado la presencia de las fuerzas 

armadas en la zona. 

1.1.3 Control de Emergencia 

Debido a la remota ubicación de las instalaciones la asistencia 

externa es limitada. 
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La excepción es la planta de fraccionamiento, la cual es 

asistida por el personal de bomberos de la refinería de 

Pucallpa. 

Las protecciones contra incendio instaladas en la planta de 

energía y de fraccionamiento son adecuadas para el área de 

proceso y cuando fueron probadas funcionaron de manera 

satisfactoria. Igualmente la barrera de protección anti-terrorista 

alrededor de los tanques de LPG es considerada como 

aceptable, sin embargo los equipos de agua contra incendio 

pueden verse obstruidos por la misma barrera. Sin embargo la 

posibilidad de ocurrencia de un siniestro en esa área es baja. 

La planta de gas no está equipada con ningún sistema de 

protección contra incendio, la única protección proviene de los 

extintores manuales. La posibilidad de aislar rápidamente el 

ingreso de gas húmedo y la salída del NGLs y gas residual por 

el gaseoducto, disminuye el riesgo de manera considerable. La 

planta se encuentra expuesta a daños de un potencial "spill 

tire" desde el sistema de calentamiento de aceite. Sin embargo 

todas las bombas incluyen un doble sistema mecánico de sello, 

el cual a su vez envía una señal de alarma al cuarto de control. 
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Todo el personal de la planta se encuentra entrenado en el uso 

de los equipos contra incendio y han recibido entrenamiento en 

campo en la refinería de Pucallpa. 

1.1.4 Conclusiones 

El proyecto incluye la extracción y separación de gas, el cual 

es utilizado para la generación de energía eléctrica, además 

del fraccionamiento del mismo para su comercialización 

directa. Un equipo experimentado se encuentra a cargo de los 

riesgos presentes los cuales son bien entendidos y controlados 

mediante la buena operación y mantenimiento de los equipos. 

Aun así el proyecto es considerado de "Alto Riesgo" debido al 

giro del negocio. 

1.2 Historial de Pérdidas 

El riesgo sufrió la rotura de un álabe, en la turbina de la planta 

generadora en el año 2002 con una pérdida combinada de daños a la 

propiedad e interrupción de negocios por un valor de US$ 6'000,000. 

1.3 Valores y Resumen de Estimado de Pérdidas 

PMLs han sido calculados usando vaiores proporcionados por 

Aguaytía Energy. Esta referencia debe ser tomada en cuenta en el 
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capítulo de Estimado de Pérdidas. 

Valores de Propiedades declaradas (en US$) a 20 de Julio 2000 en 

las siguientes áreas: 

Planta de Energía -Aguaytía 

Sistema de Transmisión 

Planta de Gas - Zorillos 

Gas & NGL Gaseoducto 

Planta de Fraccionamiento - Pucallpa 

LPG Transferencia - Manantay 

Equipo de Campo & Caminos 

Maquinaria & Equipos 

Vehículos 

Equipos de Comunicación/Electrónicos 

Maple Gas 

Total 

80 00,000 

79,325,000 

31,185,000 

38,390,000 

19,155,000 

2,620,000 

17,800,000 

225,000 

125,000 

890,000 

12,353,000 

282,068,000 

El PML de Propiedades y de Rotura de Maquinaria, considera todos 

los escenarios que se pueden presentar. 

Los cálculos del PML están basados en el un 100% de "valores 

asegurables" que han sido brindados por el cliente y que reflejan el 

reemplazo de los valores existentes por la cobertura del seguro. 
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La interrupción del negocio está basada en la proyección de las 

ganancias en un periodo de 12 meses y están asociadas con los 

ratios de producción. Los actuales valores dependen de las 

condiciones del Mercado en el tiempo de la pérdida. 

El valor declarado por Aguaytía Energy es de US$ 30 millones y 

Maple Gas US$ 1 O millones sumando un total de US$ 40,000,000 

durante 12 de actividad para el periodo 2004/2005. El periodo de 

indemnización es de 15 meses lo cual se refleja en el cuadro de PML 

que se expone a continuación. 

Escenario US$ millones Comentarios 

DP IN DP+IN 

Daños a la Sep. de Gas 18 40.9 58.9 15 meses 
Propiedad (DP) 

·pIanta 15 9.4 24.4 15 meses 
PME 

Eléctrica

Rotura de Planta 18 9.4 27.4 15 meses 
Maquinaria (RM) Eléctrica 
PME 



CAPITULO 11 

MEMORIA DESCRIPTIVA Y 

ORGANIZACIÓN GERENCIAL 

2.1 Planta de Procesos 

2.1.1 Reservas de Gas 

El campo de Aguaytía provee de las únicas reservas de gas 

húmedo a la planta de separación en Zorillos. El campo está 

ubicado a 6km de los pozos y a 4km de la planta, conectado 

por medio de una tubería de acero al carbono de 4" día. 

En total hay 7 pozos de 2400 metros de. profundidad, en el 

campo capaces de operar. Cuatro de los pozos son necesarios 

para abastecer el requerimiento de la planta eléctrica en horas 

pico. Los otros tres se encuentran disponibles para 

operaciones de reinyección cuando la planta eléctrica no se 

encuentra operativa. Esto maximiza la extracción de NGLs. 
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Todas las válvulas y seguros en la cabeza del pozo (Árbol 

Xmas) son operadas de manera manual. En la fotografía se 

puede apreciar el pozo Número 5 durante unas labores de 

mantenimiento, en las cuales se reemplazó la línea de flujo. 

Figura # 2 Árbol Xmas 

La presión en el flujo es de 2500 psi y la presión de cierre es 

de 3500 psi. El gas contiene un 2. 8% de C02. La máxima 

capacidad de producción del campo es de 60 mmscfd. 
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La presencia del CO2 ha resultado en la prematura falla de la 

línea del pozo No.5 en el año 1998 así mismo cerca a la planta 

de gas, el ácido carbónico ha inducido un proceso de 

corrosión. Por este motivo se ha tenido que revisar el diseño 

original de ABB Randall y tomar las medidas correctivas que 

han sido propuestas por los consultores especialistas 

(Metallurgical Consultants lnc.) contratados por Aguaytía 

Energy: 

• La línea de flujo del pozo No. 5 ha sido completamente

reemplazada con acero al carbono.

• Todas las demás líneas de flujo a una distancia de 150

metros de calentador de gas en la planta de separación

han sido reemplazados por el mismo material.

• Los árboles Xmas y las tuberías de producción fueron

reemplazadas en los pozos No. 5, 6 y 3 con tubería de

- cromo/níquel

• Se inyecta agentes - anticorrosivos a cada pozo con la

finalidad de proteger las líneas y reducir la corrosión a

niveles aceptables.

Aguaytía Energy esta envueltq en un proceso de arbitraje en 

los US con Lummus Global para resolver el problema. A la 

fecha Aguaytia ha gastado US$ 1 millón corrigiendo estos 
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errores de diseño y se espera gastar una suma similar en el 

futuro. 

2.1.2 Unidades de Proceso 

2.1.2.1 Planta de separación de Gas 

El propósito de esta planta es el de separar los Líquidos de 

Gas Natural (NGL) de la fase gas. La capacidad nominal de la 

planta es de 60,000 mmscfd. 

Se trata de una planta de procesamiento de gas estándar, que 

utiliza una tecnología bien conocida, la cual incorpora un turbo 

expansor Rotoflow y un enfriador de aluminio AL TEC para 

obtener una máxima eficiencia en el proceso y extracción de 

líquidos. La temperatura más baja en el proceso es de -90 ºe

y la mayor se alcanza -en la parte superior del de-etanizador. 

El proceso de calentamiento por sistema de aceite opera a 

340 ºe y se enfría vía intercambiadores de calor fin-fan. 

La separación del gas residual se inicia mediante la 

compresión a 1050 psig por medio de dos motores Caterpillar 

que mueven_ compresores reciprocantes Ariel de 1666 HP 

cada uno y abastecen una línea de 12" día hacia Neshuya. 

Ambos compresores son requeridos para abastecer los 



- 18 -

requerimientos de la planta eléctrica cuando ésta opera a un 

100% de su capacidad. 

En c�so de que la planta eléctrica no se encuentre en estado 

operacional, el gas puede ser reinyectado al reservorio usando 

un par de motores Caterpillar con sus respectivos 

compresores Ariel de 2250 HP cada uno. 

Las modificaciones llevadas a cabo como resultado de la 

corrosión por CO2 incluyen: 

• Reemplazo del ingreso de gas al Cooler con una nueva

unidad de acero inoxidable.

• Reubicación y reemplazo del ingreso de la cabeza de gas

húmedo con uno nuevo de acero inoxidable.

• Reemplazo de las líneas enterradas por una sola de gran

diámetro en la sección elevada.

En adición, se ha programado un monitoreo de los espesores 

de las tuberías implementando 40 puntos de inspección tanto 

en el ingreso del gas húmedo en la planta de separación. Estos 

puntos de inspección fueron identificados por el consultor en 

corrosión y las muestras son monitoreadas cada 15 días. 

Debido al incremento del nivel de humedad como resultado de 

la inyección del inhibidor de corrosión en las cabezas de los 

pozos, se ha recortado el proceso de regeneración del filtro 

deshidratador, lo cual estaría limitando la capacidad de 
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operación de la planta. Se ha puesto en consideración 

incrementar el flujo de aceite caliente durante el proceso de 

regeneración mediante la instalación de una mayor bomba de 

recirculación. 

Figura # 3 Una vista panorámica de la planta. 

2.1.2.2 Planta de Fraccionamiento

El propósito de esta planta es separar los LPGs (propano y 

butano) de los NGL que se reciben de la planta de separación. 

Además la gasolina natural es separada y enviada por una 

tubería existente a la Refinería de Maple en Pucallpa. No hay 

almacenamiento de gasolina natural en la planta. 
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---- ----�--

Figura # 4 Vista de la planta de Fraccionamiento. 

La capacidad de la planta es aproximadamente de 3800 bpd y 

es de tecnología convencional. El proceso de calentamiento se 

realiza por medio de aceite que opera a 300 ºe y el 

enfriamiento es vía intercambiadores de calor tipo fin-fan. Toda 

la planta cuenta con válvulas de seguridad y descarga hacia 

una remota y lejana antorcha que se puede ver a la derecha de 

la foto. 

El NGLs entrante se almacena en un tanque a presión de 227 

m3
. Desde ahí se alimenta por sistema de bombeado a ta 
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columna de fraccionamiento de LPG. Ahora que inyecta un 

inhibidor de corrosión en la planta de separación, no parece 

causar dificultades en ninguna parte del proceso. Los 

chequeos realizados en los recipientes a presión no parecen 

revelar síntomas de corrosión. 

Los LPGs son almacenados en uno de los recipientes a 

presión de 227 m3 desde donde son bombeados a dos 

puestos de despacho para los camiones tanque en los que son 

enviados a los consumidores finales en la ciudad de Lima. Esta 

instalación también puede ser utilizada para enviar LPG vía 

carretera a la estación de transferencia en Manantay. 

La estación de transferencia de LPG en Manantay está 

localizada cerca y Gonsta de 4 recipientes de almacenamiento 

de LPG similares al que se tiene en la planta de 

fraccionamiento, además de contar con una estación de 

descarga. Desde ahí mediante una tubería de 4" día.a lo largo 

de 7 kilómetros se envía el gas hacia las instalaciones 

portuarias de Pucallpillo: La instalación de transferencia de 

LPG no está siendo utilizada actualmente, por lo que no se 

almacena LPG y sólo se mantiene presurizada. 
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2.1.2.3 Planta Eléctrica

A menores temperaturas estas unidades pueden producir por 

encima de los 86 MW. Los generadores transformadores 

incrementan el voltaje desde 13.8 kV a 220 kV para luego ser 

la corriente enviada a la cercana subestación que cuenta con 

líneas de transmisión de 220 kV. Todos los switchgear están 

sumergidos en SF5. 

No hay combustible en reserva y no hay capacidad de 

almacenamiento. Un sistema de enfriamiento por aire es 

utilizado para disipar el calor producido por la turbina y el 

generador. No hay inyección de agua o vapor en el sistema 

de aire de la turbina. 

Figura# 5 Una vista general de la planta eléctrica. 
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La tubería de gas consiste en un separador de líquidos y un 

sistema de recepción, la experiencia durante las operaciones 

ha comprobado que se . trata de un porcentaje bajísimo de 

condensado el que se recibe en la planta. 

Cuando no se encuentra en operación las turbinas se les 

mantiene en rotación y el generador se mantiene caliente. El 

control y la protección de la maquinaria está brindado por el 

sistema ABB Egatrol 300 system que incluye monitoreo de 

vibración y desplazamiento de ejes. 

El cuarto central de control monitorea la operación de ambas 

turbinas así como la subestación de 220 kV. El equipo del 

cuarto de control no está necesariamente para operar la 

turbina ya que cada una de estas puede ser operada desde 

una estación local. 

En un acuerdo con la red nacional de despachos, se asegura la 

operación de las turbinas con una carga mínima de 40 MW por 

al menos cuatro horas, luego de lo cual se reduce a 6.5 MW 

por un máximo de 8 horas para luego volver a despachar 40 

MW o más. Cuando se inicia un despacho, una parada de la 

turbina debe ser avisada con 20 minutos de anticipación, en 

caso contrario se sufrirán penalidades y multas. 
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1 

Figura# 6 Vista panorámica de las unidades turbogeneradores. 

2.1.2.4 Sistema de Transmisión de 220 kV

El circuito simple de 220 kV Aguaytía - Tingo María -

Paramonga es una línea de transmisión de aproximadamente 

392 kilómetros de longitud que atraviesa diferentes zonas con 

diferentes condiciones climáticas, tales como la jungla tropical, 

las montañas y la costa, la altitud varía hasta en 4700 metros. 

La línea consiste en tres segmentos. El primero va desde 

Aguaytía a la subestación de Tingo María a lo largo de 73 km. 
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El segundo sale de Tingo María hacia la subestación de 

Vizcarra a lo largo de 173 km. El tercer segmento continúa 

hacia la subestación de Paramonga por otro tramo de 145 km. 

Los cables se encuentran suspendidos en estructuras 

metálicas, autos soportados en torres de disposición triangular 

con conductores y sistemas de protección apropiados. Los 

cimientos son independientes para cada pata de soporte. 

La línea esta dividida en cinco zonas diferentes basadas en la 

elevación con respecto al nivel del mar y los cálculos que 

determinaron los tipos de protecciones y de aislamiento 

requeridos. Aisladores del tipo Fog han sido utilizados en las 

zonas costeras. 

El total de estructuras instaladas asciende a 857, de las cuales 

672 (78.4%) corresponde .a estructuras en suspensión y 185 

(21.6%) corresponde ha estructuras fijas. La separación 

máxima es de 458 metros, cada estructura está equipada con 

una malla de conexión a tierra de acero galvanizado. En el 

peor de los casos de conducciór, se encuentra en la montaña 

donde el diseño se ha basado en una temperatura mínima de 

-1 O ºe, y una presión de viento de 45 Kg/m2 y un máximo de

espesor de hielo de 25 mm de radio. En estas condiciones 
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aproximadamente el 70% de los conductores llegarían a 

tensión de ruptura. 

Figura # 7 Vista panorámica de la subestación Aguaytia. 

2.1.3 Estado de las Operaciones 

Las plantas de separación de gas y fraccionamiento se 

encuentran operando al 100% de su capacidad máxima de 

producción de NGL. 
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No se espera incrementos significativos en la venta de gas, 

hasta que la planta eléctrica de Yarinacocha en Pucallpa no 

sea convertida a gas según lo acordado en el diseño original. 

La planta eléctrica es dependiente de los requerimientos de la 

red peruana y por el momento está siendo utilizada para cubrir 

horas pico. El periodo de operaciones de la misma suele ser la 

estación seca cuando la producción de las hidroeléctricas se 

encuentra en el mínimo. Gracias a la conexión con la parte sur 

de la red eléctrica peruana se ha producido un incremento en 

la generación de energía de la planta. 

La disponibilidad de la planta en el año 1999 fue de 99.14 y 

94.7 para los GT1 y GT2 respectivamente. Las horas de 

operación equivalentes (EOH) hasta finales de Junio del 2000 

desde que se comenzó operaciones está mostrado en el 

cuadro inferior. 

Encendidos Carga Horas de EOH 
Rápida Operación 

GT 11 314 348 4,394 17,694 

GT12 415 412 7,355 23,895 

En la línea de transmisión los disturbios en el año 2003 fueron 

causados en un 30% por árboles y el restante 20% por rayos. 

Los tendidos se consisten en columnas de 25 de área clara, 

según la regulación nacional, sin embargo esto es inadecuado 
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por el tipo de jungla tropical en el que se encuentra el proyecto 

de Aguaytia Energy por lo cual se ha obtenido un permiso 

especial, y se está llevando acabo un programa de tala. 

Se cuenta con 8 bypass de transmisión que permiten que la 

línea sea reparada en un máximo de 5 días. 

Hasta el momento no se han dado casos de siniestros en la 

linea de transmición debido a fuertes vientos caída de hielo 

desde las montañas. 

2.1.3.1 Peligros Inherentes 

El peligro principal de fuego y explosión asociado con las 

operaciones de gas está centrado en el almacenamiento y 

procesamiento de LPG en los recipientes a presión de la planta 

de fraccionamiento. 

Si bien es cierto que ambos procesos, hay suficiente LPG 

disponible como para generar una nube de vapor, que sin 

embargo debido a la falta de confinamiento o 

congestionamiento, en las áreas expuestas a sobre presión, en 

nuestra opinión no podrían. 

El riesgo principal en ambos emplazamientos es el incendio en 

el calentador de aceite, el cual opera cerca de su flash point. 

Un punto a favor en el diseño es el relativamente bajo nivel de 

material inflamable, y la localización remota de las válvulas de 
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emergencia, las cuales pueden ser operadas tanto desde una 

estación manual como desde el cuarto de control. El principal 

riesgo en la estación de medición en Neshuya y en la planta 

eléctrica es la misma naturaleza de gas en tuberías, que puede 

provocar jet fire en caso de una fuga. 

Adicionalmente la planta de fraccionamiento· y los
L 

almacenes 

de LPG en Manantay presentan exposición a BLEVE. 

2.2 Sistemas Auxiliares 

2.2.1 Vapor 

No hay generación de vapor en ninguna de las instalaciones. 

2.2.2 Electricidad 

La planta de separación de gas genera su propia energía 

eléctrica por medio de dos 100 % redundantes motores 

generadores de 500 Kw Waukesha. La demanda máxima es 

de 250 Kw. 

La energía eléctrica de la planta de fraccionamiento de gas se 

provée de la red pública por intermedio de Electro Ucayalí, vía 

un transformador. 

La planta de energía eléctrica no cuenta con un sistema de 

arranque independiente por lo que necesita de las líneas de 

abastecimiento para el arranque de las dos turbinas. Sin 
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embargo se cuenta con un generador a gas de 480 V de 

emergencia para abastecer la iluminación y los servicios 

auxiliares. 

2.2.3 Agua 

El proceso no requiere de agua, la cual es srn embargo 

suministrada mediante pozos profundos en cada local. 

2.2.4 Combustible 

El requerimiento de combustible para los calentadores de 

aceite, y el calentador de la planta eléctrica provienen del 

mismo abastecimiento de gas. 

2.2.5 Aire 

El aire de los compresores es 100 % rebundante y se provee 

en cada una de las locaciones según su necesidad. 

2.2.6 Nitrógeno 

Nitrógeno es usado para purgar los recipientes y las tuberías 

son adquiridas en cilindros a un tercero. 
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2.2. 7 Efluentes 

El tratamiento de los efluentes es suministrado en las dos 

plantas de procesos de gas mediante separadores API. Hay un 

separador de aceite agua instalado. 

2.3 Recipientes 

2.3.1 Recipientes sin Presurizar 

Los almacenes al aire libre están limitados a pequeños 100 bbl 

tanques en ambos locales de procesamiento. Estos están 

ubicados en áreas individuales separados del resto del 

proceso. 

2.3.2 Recipientes Presurizados 

Los almacenes presurizados consisten en 18 x 227 m3 

recipientes de LPG en la planta de fraGcionamiento y otros 

cuatro recipientes iguales en la estación de transferencia en 

Mariantay. 

Estos recipientes no están equipados con anillos de 

refrigeración, sin embargo se cuenta con monitores al principio 

y al final de los domos. Drenajes bajo los recipientes evitan la 

acumuladón de líquidos en la parte inferior de los mismos, los 

recipientes se encuentran rodeados por pequeños montículos 
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de tierra. Cada uno de los mismos cuenta con sistemas 

independientes de alarma. 

Hay que anotar que los recipientes de Manantay no están 

siendo utilizados y sólo son mantenidos con presión de gas. 

Como se puede notar en la fotografía los reGipientes están 

protegidos por muros de concreto contra ataques terroristas 

con cohetes. Estos evidentemente también cumplen con la 

función de muro cortafuego que permite focalizar el incendio. 

Figura # B Vista de los recipientes de Gas. 

2.3.3 Almacenamiento Refrigerado 

No hay almacenes refrigerados. 
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2.4 Importación/ Exportación de Equipos 

2.4.1 Fluvial 

Un puerto para carga de barcos LPG se encuentra dispor:,ible 

en las riveras del río Ucayalí en Pucallpa. Este consiste en una 

instalación flotante y flexible de carga en las riveras del río, sin 

embargo nunca ha sido utilizada hasta el momento. 

2.4.2 Tren 

No hay instalaciones de tren disponible. 

2.4.3 Caminos 

El LPG es exportado en camiones tanque diariamente que 

operan teniendo como base la planta de fraccionamiento. Los 

camiones tienen una capacidad máxima de 100 toneladas 

debido a la capacidad de carga de los puentes en la ruta. Hay 

dos puntos de abastecimiento en la planta ambos cuentan con 

cable a tierra, pero no hay indicadores o luces indicadoras 

disponibles. 

Seis grandes camiones son enviados diariamente hacia Lima, 

además se cuenta con cuatro camiones más para el despacho 

local de LPG hacia algunas compañías embotelladoras del 

área de Pucallpa. 
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2.4.4 Tuberías 

Todas las líneas de encuentran enterradas a 1.5 metros de 

profundidad a la derecha del camino y en la jungla se 

mantienen libres de vegetación los 12 meses del año, así 

mismo las inspecciones se realizan por tramos diariamente. 

Todos los cruces de río se realizarán mediante el modo de 

directionally drilled. La Máxima Presión de Operación en la 

tubería es de 1104 psig y la presión normal es de 1050 psig. 

Todas las instalaciones poseen sistemas de lanzado y 

recepción de "chanchos". No hay válvulas de bloqueo 

automático instaladas en las tuberías, exceptuando el inicio y 

fin de cada locación. Las tuberías son operadas como parte 

del sistema ESO de la planta, todas las válvulas intermedias de 

bloqueo son operadas de manera manual. La tubería de gas es 

limpiada cada 15 días lo cual reduce la acumulación de 

condensado y disminuye la posibilidad de corrosión. Un 

inhibidor de corrosión es 9hora inyectado debido a la 

sugerencia departe de un consultor debido a los daños iniciales 

ocasionados por el C02. La integridad de la línea se 

comprueba cada cierto tiempo utilizando un Tuboscope. 

Durante la última operación (2002) la línea se encontraba en 

buenas condiciones. El siguiente cuadro muestra las tuberías 

que interconectan las diferentes locaciones del proyecto. Las 
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clases de la tubería están de acuerdo con el estándar ASME 

831.8 como se indica. 

Ruta 

Zorrillos - Neshuya 

Neshuya - Aguaytia 

Neshuya - Pucallpa 

1 ASME B31.8 

Class Type
1 

1
2
1
2 
3 

1 Dia. 1 Distancia I Ríos 
(inches) (km) Cruzados 

12 37.5 Aguaytia, Uruya,

10
10
6 
6 
6 

83 
1.5 
50.9 
3.6 
1.5 

Tahuayo 
Alejandro

Neshuya 

2.5 Layout y Construcciones 

_.,v..._�­
�-.-��. -

El proyecto ha sido diseñado y construido por ABB y sus subsidiarias 

(Lummus Global, ASESA) mediante tres contratos EPC. Dado lo 

inaccesible debido a las condiciones naturales las plantas de 

procesamiento y la de generación eléctrica fueron construidas en los 

US de manera modular, para facilitar el montaje y transporte. El de­

etanizador y la columna de fraccionamiento (29 y 21 metro de largo 

respectivamente) fueron enviadas completas mediante barco vía el río 

Amazonas. 

- �-��i/' ..

· · Graña & Montero, quien es un reconocido constructor en Perú, se

encargo de la erección y el ensamblaje. Se procedió a una

estabilización intensiva del terreno y a la construcción de fuertes

cimientos de concreto. Las dos columnas fueron colocadas en medio

de dos grandes monoblocks de concreto.
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Los recipientes de proceso fueron todos construidos en los USA bajo 

los estándares ASME VIII (National Board Certified). 

El diseño de la planta y la distribución de la misma se pueden 

considerar como bueno debido a la localización remota de los 

calentadores de aceite con respecto a las áreas de proceso y las 

líneas de abastecimiento. Las líneas de interconexión están por lo 

general a nivel del suelo. La casa de compresión es una construcción 

abierta que impide la concentración de gases inflamables como se 

puede notar en la fotografía. 

Figura #9 Vista de Casa de Compresión 
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El almacenamiento de LPG en la planta de fraccionamiento está 

ubicado a una distancia de 60 metros del área de proceso. Los 

recipientes está� ubicados en doble línea con el final de los ciernas 

lejos del área de proceso. Los cuartos de control están por lo general 

ubicados a 60 metros de cualquier proceso. Además las reservas de 

agua contra incendio y el sistema de bombeo esta localizado a buena 

distancia. Además hay una buena separación entre la planta y el 

cerco perimétrico. 

Por el hecho de estar montada sobre bloques, la superficie aledaña a 

los procesos no se encuentra sellada y no hay sistema de drenaje 

subterráneo. El agua fluye de manera natural sólo mediante una ligera 

inclinación fuera de las áreas de proceso. 

El ingreso de gas húmedo está localizado a 30 metros afuera de la 

casa de compresión lejos de cualquier exposición de la misma en 

caso de un jet fire. Las instalaciones de mantenimiento de tuberías 

están bien ubicadas en todas las locaciones. 

Todos los enfriadores del tipo fin fan están equipados con protectores 

contra vibración. Las bombas de aceite y de LPG están equipadas 

con un doble sello mecánico provisto· con alarmas que son 

monitoreadas desde los cuartos de control. 
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2.6 Sistemas de Seguridad y Control 

2.6.1 Filosofía 

El control de procesos es un PLC Allen Bradley basado e 

incluido en el ESO, el cual es totalmente integrado. Se cuenta 

con un sistema de UPS instalado en las diferentes locaciones 

para mantener el control sobre operaciones esenciales en caso 

de falla de la energía. Una bien diseñada pantalla VOU 

muestra claramente las condiciones del proceso. 

2.6.2 Cuartos de Control 

Cada locacion cuenta con un cuarto de control individual el cual 

controla el área de procesos de manera remota. No es una 

construcción resistente a explosiones y no tiene un sistema 

contra incendios de protección incorporado. Hay que anotar 

que la planta de energía eléctrica puede operar sin el cuarto de 

control. 

2.6.3 Sistema ESD 

Las dos plantas de procesamiento y la planta de generación 

eléctrica están equipadas con un sistema ESO el cual brinda 

los parámetros de los procesos y es ac;;tivado mediante botones 

en el campo. El sistema ESO opera a dos niveles, el primero es 

apagando por completo el proceso y el segundo es aislando las 
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tuberías de ingreso y salida mediante válvulas servo asistidas. 

El sistema ESO esta diseñado para registrar menos de una 

falla por año. El sistema de protección de los turbo 

generadores esta manejado y se activa de manera automática 

mediante el ABB Egatrol 300. 

2.6.4 Sistemas de Escape 

Solo se cuenta con una antorcha elevada en la planta de 

fraccionamiento. Este equipo cuenta con sistema de encendido 

automático. No hay válvulas duplicadas instaladas. Todas las 

válvulas de alivio están aisladas del proceso mediante válvulas 

de bloqueo. 

2.6.5 Aislamiento Remoto, Despresurización y Desfogue 

Debido al limitado inventario en las áreas de proceso, no hay 

válvulas de aislamiento o de despresurización y desfogue 

instaladas en las líneas de proceso. Las operaciones de 

aislamiento remoto mediante válvulas sólo se dan en los 

ingresos y salidas de cada sitio. 

2.6.6 Medidas contra la Combustión 

Todos los calentadores con llama están equipados con un 

doble sistema de bloqueo en el abastecimiento de gas. El 

sistema de encendido es mediante una secuencia automática. 
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2.7 Proyectos 

No hay proyectos de expansión en consideración en ninguno de los 

tres locaJes, por lo menos en el futuro inmediato. 

Debido a los resultados de la inyección del inhibidor de corrosión en 

las líneas de flujo en el campo, se está analizando la posibilidad de 

incrementar la capacidad de las bombas de aceite caliente para 

absorber el volumen extra de agua que se recibe en la planta de 

separación de gas. 

2.8 Organización 

Las operaciones y el mantenimiento de las plantas de gas están a 

cargo de Maple Gas que es encuentra bajo contrato. De la misma 

manera Duke Engineering and Services opera la planta de energía 

eléctrica y el sistema de transmisión, ambos contratos son abiertos. 

Maple Gas además opera la Refinería de Pucallpa. 

Las tres plantas operan en dos turnos de 12 horas. En el caso de las 

dos plantas de gas el personal es residente por un periodo de dos 

semanas. Los dormitorios se encuentran dentro de las plantas pero 

lejos de las áreas de operaciones. Aproximadament� 20 personas 

trabajan en la planta eléctrica y 30 en las de gas. 
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2.9 Operaciones 

2.9.1 Organización 

Las operaciones y el mantenimiento están por completo a 

cargo de personal de nacionalidad peruana, la mayor parte de 

ellos cuenta con la experiencia de haber laborado en la 

industria de petróleo, en la empresa Petroperu. Un gerente 

extranjero estuvo a cargo de las operaciones de construcción y 

la puesta en marcha de la planta durante el primer año de 

operación. 

La Gerencia operaciones y el mantenimiento tienen como base 

operativa la ciudad de Pucallpa la cual está a cargo de las 

operaciones de gas, y ambos jefes de planta deben reportarse 

directamente con él. 

La operación de la planta eléctrica y el sistema de transmisión 

se manejan directamente desde Aguaytia. 

2.9.2 Experiencia y Entrenamiento 

La mayor parte de los operadores ha tenido un proceso de 

entrenamiento superior a dos semanas en plantas de gas 

similares a éstas localizadas en la ciudad de Texas. Además 

de cinco meses en los cuales ABB Randall dio entrenamiento 

durante la puesta en marcha de las operaciones. 
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P&IDs. Versiones simplificadas del manual están distribuidas 

en las instalaciones. 

2.1 O Ingeniería 

2.10.1 Organización 

Un número limitado de personal y recursos para ingeniería, 

tienen su base en Lima y se encuentra concentrado 

principalmente en las operaciones de Generación y 

Transmisión de Electricidad. 

2.10.2 Estándares de Ingeniería 

La planta fue construida usando los estándares de la API y 

ASME VIII además de los requerimientos de la NFPA para lo 

que es sistemas de protección contra incendios. Hasta la fecha 

no se han desarrollado estándares propios de Aguaytía 

Energy. 

2.10.3 Proceso de Análisis de Riesgos 

Las plantas de gas fueron sometidas a un HazOp en el año 

1997 el cual fue llevado a cabo por la firma Quest Consultants 

lnc de USA. De esa revisión surgieron 33 puntos de acción. 

Adicionalmente la Sea Crest Group · of Charlottesville de USA, 

llevo a cabo un Estudio mayor de Riesgos cuando el proyedo 
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se completo en el año como requerimiento de la Overseas 

Private lnvestment Corporation (OPIC). 

2.10.4 Gerencia a Cargo 

Todas las partes involucradas en un cambio o modificación son 

consultadas antes de tomar una decisión sin embargo no se 

cuenta con un procedimiento normal para el control de este tipo 

de actividades. 

2.11 Mantenimiento 

2.11.1 Organización 

Los servicios de mantenimiento de ambas plantas de gas son 

provistos por Maple Gas desde sus talleres ubicados en la 

refinería de Pucallpa. Ouke Engineering and Services (PIC) 

provée el personal de mantenimiento a la planta de generación 

eléctrica. 

2.11.2 Experiencia y Entrenamiento 

El entrenamiento del personal de la planta eléctrica fue 

brindado por el personal residente de ABB en la misma planta 

de Aguaytía. El entrenamiento cubrió las operaciones, el 

mantenimiento y la inspección del equipo. 
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El personal de la planta eléctrica ayudaba a los ingenieros de 

ABB durante los mantenimientos y las actividades de 

inspección. 

2.11.3 Filosofía 

La filosofía de mantenimiento se basa en mantenimiento 

C' 

preventivo y predictivo con una estricta aproximación a lo que 

el diseñador del equipo recomendó. 

Las paradas generales de las plantas de Gas se deberán llevar 

a cabo en intervalos de cuatro o cinco años para que el servicio 

cumpla con las condiciones medio ambientales y los 

estándares requeridos. 

2.11.4 Electricidad 

El análisis del aceite de los transformadores es llevado a cabo 

por Shell de manera anual. Las tomas a tierra de los equipos 

son verificadas de manera semestral. 

El sistema de transmisión ha sido dividido en tres partes para 

un mejor mantenimiento. Los equipos de mantenimiento de la 

línea de transmisión tienen como - base de operaciones la 

subestación de Tingo María 
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2.11.5 Mecánica 

Las actividades de mantenimiento de las turbinas están a cargo 

del personal de.PIC, lo que incluye las inspecciones del Tipo A, 

B y C. En caso de ser necesario se podría recurrir a personal 

auxiliar por parte del constructor ABB. Aguaytia debe 

asegurarse que las partes se encuentren disponibles y en la 

localización por lo menos seis meses antes de una inspección 

mayor. 

Tipo A y B incluyen las partes de gas caliente a las 8000 

horas. El tipo C es un mayor overhaul y se lleva a cabo a las 

24,000 EOH. 

Las protecciones y controles contra sobre velocidad de las 

turbinas son probadas anualmente. 

Con respecto a los compresores Ariel y los Caterpillar, hay 

agentes locales en Pucallpa que son los encargados de 

proveer de partes y dar el mantenimiento a los equipos. Los 

compresores Ariel tienen aproximadamente 19,000 horas en 

operación. Un total overhaul debe ser llevado a cabo cuando 

los motores Caterpillar alcancen las 25,000 horas mientras que 

en el caso de los compresores Ariel el overhaul se realizara 

recién al alcanzar las 40,000 horas en operación. Todos los 
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equipos y sistemas parecen estar 100% operativos. 

Los análisis de aceite (incluyendo evaluación metalográfica) es 

llevado a cabo por Shell con intervalos de 15 días. Reportes 

completos son producidos por las áreas que realizan la 

inspección. Además Shell provee el servicio de análisis de 

vibración a todos los equipos rotativos (Shell Predictive), cada 

cuatro meses incluyendo un reporte completo. 

2.11.6 Instrumentación 

Los instrumentos de procesos son evaluados durante las 

operaciones, sin embargo el sistema ESO sólo puede ser 

evaluado con el sistema desconectado. Por lo que para testear 

el sistema ESO hay que retirar de servicio todas las plantas. 

Debido a esto se espera que la planta tenga una para al año de 

4 o 5 horas a fin de probar el sistema ESO. El sistema de 

protección catódica de la tubería es inspeccionado todos los 

meses. 

2.11. 7 Contratistas 

Hay un limitado uso ·de contratistas debido a que todo el 

mantenimiento se encuentra a cargo· y es provisto por Maple 

desde la refinería. 
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2.11.8 Documentación y Registros 

Las historía detallada de cada máquina se encuentra en una 

base de datos es ACCESS, así como en el nuevo software de 

mantenimiento MP2 que se ha terminado de implementar 

recientemente. Las actividades de mantenimiento aparecen 

descritas de manera comprensible y se lleva un buen registro 

de las mismas. 

2.11.9 Reservas de Partes 

Hay reservas de piezas y partes en las tres locaciones. Sin 

embargo para las partes más grandes, tales como las cabezas 

de los compresores o equipos de gran tamaño son colocados 

en los almacenes de Maple en la Refinería. Sólo partes 

manufacturadas por el constructor original son utilizadas. 

Se estima los valores de los almacenes de Pucallpa y Zorillos 

en US$900,000 y US$ 700,000 respectivamente. 

Un· nuevo almacén ha sido construido en Tinge María para 

almacenar equipos y partes de la línea de transmisión. 

· 2.12 Inspección

No hay un departamento dedicado solamente a inspección. El 

personal de mantenimiento se encarga de la realización de las 

inspecciones según lo recomendado por los consultores y han sido 



- 49

entrenados en las mismas instalaciones. 

El grosor de las tuberías y los recipientes es probado cada 15 días en 

los 40 puntos de inspección identificados como críticos en la planta 

de gas usando un medidor Krautkramer DME. Una vez capturada la 

información esta es ingresada de manera manual en un cuadro que 

permite capturar el índice de corrosión en cada punto. Hay que tomar 

en cuenta que no se realiza ningún tipo de inspección en la planta de 

fraccionamiento. Sin embargo se lleva a cabo inspecciones a equipos 

aislados como los calentadores de aceite, el intercambiador de calor y 

algunos recipientes. 

No se han encontrado evidencias de corrosión en la planta de 

fraccionamiento. 

Se ha utilizado un Tuboscope para verificar la integridad de la línea 

desde la planta de gas hasta la planta eléctrica, no se encontraron 

evidencias de corrosión. Sin embargo se instalaran puntos de 

monitoreo tanto en la línea de 1 O "como en la de 12"día. 

La planta está equipada con una sola válvula de alivio, la cual es 

probada de manera constante in situ, usando gas del proceso para 

verificar su funcionalidad. Sin embargo, para facilitar este proceso 

deberían instalarse válvulas de alivio adicionales equipadas con su 
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respectiva válvula de bloqueo. Un registro de los set points de todas 

las válvulas de escape debería ser llevado junto con los resultados de 

los tests. 

2.13 Seguridad 

2.13.1 Organización 

El personal de Maple Gas provee los servicios de seguridad 

industrial para el proyecto completo incluyendo la planta 

eléctrica. El gerente de Seguridad reporta directamente sus 

operaciones con el director. 

2.13.2 Performance 

Las estadísticas de accidentes del proyecto no son muy 

buenas debido al los siniestros sufridos durante el año 2002, el 

cual costo alrededor de seis millones de dólares y un buen 

numero de horas fuera de servicio de una de las turbinas. 

2.13.3 Comités 

De manera mensual se llevan a cabo comités de seguridad, 

además de realzarse varias auditorías. Reportes detallados 

son preparados a fin de llevar a cabo las mejoras resultantes 

de las auditorías y comités. 
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2.13.4 Inspecciones y Auditorías 

Se lleva a cabo de manera mensual e incluye un checklist. Un 

programa detallado de manejo de seguridad es planteado cada 

año e incluye las actividades como auditorías, entrenamientos 

(permisos de trabajo, aislamiento de equipos, investigación de 

accidentes, protección contra incendio), y revisiones de los 

planes de emergencia. 

2.13.5 Control de las Fuentes de Ignición 

Sellos y bridas colocadas en cada trabajo en las tuberías, 

además de una clasificación de los equipos eléctricos según su 

nivel de riesgo, nos permite considerar el manejo de ambos 

riesgos como excelentes. 

Pruebas de presencia de gas inflamable son llevadas a cabo 

de manera común como . parte del procedimiento de los 

permisos de trabajo. 

2.13.6 Orden y Limpieza 

En todas las instalaciones el orden y la limpieza son excelentes 

y los equipos se encuentran bien pintados. 
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2.14 Respuesta a Emergencias 

2.14.1 Organización 

Todo el personal de operaciones y mantenimiento ha sido 

entrenado y es capaz de operara los equipos de protección 

contra incendios. 

2.14.2 Experiencia y Entrenamiento 

El entrenamiento regular es realizado en las instalaciones de 

Maple en la refinería donde además se cuenta con una brigada 

contra incendios. 

2.14.3 Ayuda Externa 

Esta ayuda esta limitada a las instalaciones de la planta de 

fraccionamiento en Pucallpa y estaría brindada tanto por los 

bomberos de la refinería como los bomberos voluntarios de la 

ciudad de Pucallpa. No hay bomberos voluntarios en Aguaytía. 

2.14.4 Planes de Emergencia 

Planes de emergencia detallados se encuentran disponibles en 

todas las instalaciones y pueden ser encontrados en todos los 

centros de control. En la planta de fraccionamiento el plan 

también cubre escenarios especiales para los que se plantean 

diferentes tácticas de respuesta. 
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2.14.5 Simulaciones 

Mensualmente se realizan prácticas con extiguidores. La 

brigada pública de Pucallpa y lo� bomberos de la refinería de 

Maple participan de los ejercicios conjuntos en la planta de 

fraccionamiento. 

2.15 Vigilancia 

2.15.1 Organización 

La vigilancia de las operaciones de gas es brindada por Maple 

Gas, en el caso de la planta eléctrica es directamente por 

proveedores de seguridad. El personal de seguridad participa 

de manera activa en los ejercicios y simulacros en todas las 

instalaciones. 

2.15.2 Medidas Preventivas 

Todas las instalaciones están rodeadas por cercas y guardias 

durante las 24 horas del día en todos los accesos. Se ejerce un 

estricto control sobre todos los visitantes al momento de 

ingresar y retirarse. 

Una base de la marina se localiza en Zorillos cerca de la planta 

de separación de gas y hay otra en Ag"uaytía. Sin embargo hay 

que anotar que la marina viene reduciendo la cantidad de 

personal en la zona. 



CAPITULO 111 

EXPOSICIONES A RIESGO 

3.1 Antecedentes 

Aguaytia Energy, dueño del proyecto, es una compañía creada para 

financiar, construir y operar el proyecto. Esta entidad privada es 

subsidiaria de: 

• The Maple Gas Corporation

• Pan Energy lnternational Development Corporation (Acquired por

Duke Energy)

• El Paso Energy lnternational Company

• llinova Generating Company

• Scudder Latín American Power Fund

• Power Markets Development Company

La construcción comenzó en Agosto de 1996 bajo la modalidad de 3 

contratos EPC llevados acabo por ABB y sus subsidiarias (LGA, 

ASESA). La operación comercial empezó en Julio de 1998. 
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Este proyecto es el primero en explotación de gas natural en el Perú, 

para el cual Aguaytia Energy tiene la concesión durante los próximos 

40 años. Hasta el momento se han encontrado reservas de gas 

natural con un tiempo de explotación estimado en 22 a 25 años. 

3.2 Ubicación 

EL campo de Gas/Condensado de Aguaytia está situado en la rivera 

del rió Aguaytia en el departamento de Ucayalí con las coordenadas 

75° 12'W, 08° 24'S, aproximadamente a 75 kilómetros al oeste de 

Pucallpa, 77 kilómetros nor-este de Aguaytia y 475 kilómetros Nor­

Este de Lima. El área es en general tropical con lluvias forestales. 

Allí se ubica una estación de medición y despacho de gas hacia 

Neshuya, unos 38 kilómetros Sur-Este de la planta de separación de 

gas. Donde el gas se divide, una parte es enviada a Pucallpa, 56 

kilómetros al Nor-Este para alimentar la planta de fraccionamiento con 

gas, y otra es dirigida hacia Aguaytia 85 Km. al Sur-Oeste para 

alimentar la planta de energía eléctrica. La elevación del terreno es en 

general entre los 250 y los 300 metros por encima del nivel del mar y 

la temperatura fluctúa entre los 15
ºC y 38ºC.

La línea única de transmisión de 220 kV cruza los Andes vía la 

subestación de Tingo Maria en 76° 00 W 9° 17'S y finaliza en la 
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subestación de Paramonga Nueva subestación ubicada en la costa 

del Pacifico con coordenadas??º 49'W 1 oº 40'S. 

La línea atraviesa cuatro diferentes zonas climáticas, jungla, montaña, 

puna y costa con una variación de altitud de hasta 4 700 metros. 

El siguiente mapa indica la localización de los lugares clave y la ruta 

seguida por la línea de transmisión. 
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3.3 Exposición 

3.3.1 Fuego y Explosión 

La exposición del proyecto al fuego, explosión, rotura de 

maquinaria e interrupción de negocios serán vistas en el 

capitulo Estimados de Pérdidas. 

3.3.2 Rotura de Maquinaria 

Las claves en rotura de maquinaría se encuentra ubicada en la 

planta de separación de gas (compresores de gas) y en la 

planta de generación de energía (turbinas-generador a gas). 

Ambos riesgo serán revisados en profundidad en el capitulo de 

Estimados de Pérdidas. 

3.3.3 Subsuelo 

Las fres operaciones se desarrollan en suelo arcilloso, ésta 

región del país no se caracteriza por tener movimientos de 

tierra y no hay áreas rocosas presentes. A pesar de esto todos 

los equipos y estructuras poseen un sólido cimiento en 

concreto incluyendo las columnas de destilación en la planta de 

separación y en la de fraccionamiento. Ninguna de las tres 

locaciones esta expuesta a deslizamientos de tierras y se 

encuentran separadas del terreno alto. 
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Las líneas de transmisión cruzan los Andes a través de 

diferentes tipos de terreno, y se ha tomado como medida de 

precaución el adecuar cada una de las Torres de transmisión a 

las particularidades de cada suelo. Para mayor información 

una torre a sido reubicada (No. 9) debido a lo débil que resultó 

el suelo en las inmediaciones del río Aguaytía. Otras dos 

torres (No. 66 and 99) van a ser reubicadas debido a que en 

los pasados dos meses sus cimientos se han ido erosionando 

rápidamente. 

Todas las carreteras de acceso (excepto el tramo final hacia 

Pucallpa) están sin pavimentar y esta sometidas a un fuerte 

daño durante la temporada de lluvias que suele ser entre 

Noviembre y Abril. El acceso por los Andes está limitado por 

una sola carretera, la cual está en buenas condiciones y 

pavimentada, desde Tingo Maria hasta la costa. 

3.3.4 Exposiciones a Fenómenos Naturales 

Todas las instalaciones están alejadas de los centros poblados 

o de otras industrías en zonas verdes. Las tuberías se

encuentran enterradas por completo. 

3.3.5 Rayo 

Las locaciones se encuentran expuestas a tormentas eléctricas 

en un promedio de 100 días por año. Todos los equipos 
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cuentan con una adecuada puesta a tierra y se cuenta con una 

malla subterránea en todas las instalaciones. Las líneas de 

transmisión están equipadas con escudos protectores contra 

los impactos por rayo. 

3.3.6 Terremoto 

Las operaciones de gas y la planta de energía eléctrica se 

encuentran en un área clasificada como Zona 3 por Munchener 

Ruck, con un sismo de escala VIII en Mercalli Modificada con 

una probabilidad del 20% en 50 años equivalente a un periodo 

de 250 años. La línea de transmisión ingresa a una Zona 4 

(Mercalli IX) en el extremo oeste cercano a la costa del Pacífico 

en Paramonga. 

Las estructuras de soporte de los equipos están diseñadas 

para soportar un terremoto mayor al estimado y los equipos de 

proceso están reforzados más de lo normal. 

3.3.7 Tsunami 

No hay exposición a este tipo de riesgo. 

3.3.8 Terrorismo 

Con la captura de los 2 principales líderes terroristas en el año 

1992, este riesgo ha disminuido a proporciones en que se 
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puede considerar como despreciable. Los últimos incidentes 

ocurrieron en el año 1994 y desde ahí no se ha mostrado 

mayor activida9 en la zona. Esto se refleja en el hecho que el 

gobierno ha reducido los contingentes de la Marina en la zona, 

ya que se considera al terrorismo como erradicado. 

Los tres locales cuentan con personal de vigilancia permanente 

y disponible durante las 24 horas del día. 

3.3.9 Inundación, Tormenta 

La jungla tropical, sufre de tormentas con un promedio de 1000 

a 1500 Mm. /año. Las instalaciones están ubicadas en terreno 

alto, tomando ventaja de la naturaleza y adicionando un 

sistema de control de lluvias mediante canaletas de desfogue. 

Se han tomado medidas especiales para que toda el agua de 

lluvia sea llevada hacia el sistema de drenaje. Ninguno.de los 

sitios cuenta con drenaje en el subsuelo los cual evita una 

posible filtración, además el sistema no cuenta con bombas de 

apoyo por lo que el agua se evacúa sólo de manera natural. 

Todas las tuberías que cruzan ríos han sido realizadas 

mediante el método de "directionally drilled" ( excavado 

diseccionado) y las tuberías están enterradas a una 
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profundidad de 1.5 metros. Esto minimiza la exposición a 

riesgos. Durante la estación de lluvias los caminos de acceso 

sufren daños de manera constante debido a la falta de 

mantenimiento. 

3.3.1 O Caída de Aeronave 

El único sitio que tiene exposición a este tipo de riesgo es la 

planta de fraccionamiento, la cual se encuentra a 4 Km de 

aeropuerto de Pucallpa. 

3.3.11 Impacto de Buque 

Exposición limitada debido a que el barco de LPG y la 

plataforma de carga y descarga nunca han sido usadas. 

3.3.12 Choque en Carretera 

Los camiones transportadores de LPG son cargados en la 

planta de fracciona�iento. La exposición potencial a impacto 

de vehículos contra las instalaciones es limitada. No se permite 

el ingreso de vehículos no autorizados. 

3.4 Historial de Pérdidas. 

El riesgo sufrió la rotura de un álabe, en la turbina de la planta 

generadora en d año 2002 con una pérdida combinada de daños a la 

propiedad e interrupción de negocios por un valor de US$ 6'000,000. 



CAPITULO IV 

VALORES�SEGURADOS 

4.1 Propiedades 

Los valores presentes han sido brindados por Aguaytía Energy. Estos 

valores serán utilizados en nuestros estimados de pérdida, sin 

embargo hay que aclarar que los valores no han sido verificados. 

Declaración de valores (en US$) al 20 de Julio 2000: 

Planta de Energía -Aguaytía 

Sistema de Transmisión 

Planta de Gas - Zorillos 

Tuberías de Gas & NGL 

Planta de Fraccionamiento - Puc3llpa 

Local de Transferencia deLPG - Manantay 

Caminos y Equipos de Perforación 

Máquinas y Equipos 

80,000,000 

79,325,000 

31,185,000 

38,390,000 

19,155,000 

2,620,000 

17,800,000 

225,000 
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Vehículos 

Equipos electrónicos y de comunicación 

Maple Gas 

Total 

125,000 

890,000 

12,353,000 

282,068,000 

Los escenarios que se han considerado para el PME de Daños a la 

Propiedad y Rotura de Maquinaría están considerados para el 

próximo periodo de aseguramiento iniciándose el 20 de Julio del 

2004. 

Los cálculos del PME están basados sobre el 100% de los valores 

asegurados suministrados por el cliente y reflejan el reemplazo a valor 

nuevo de las existencias bajo la cobertura. 

4.2 Interrupción de Negocios 

El calculo del PME de Interrupción de Negocios esta basado en la 

producción del periodo anterior, pero adecuándolo a los precios 

actuales del mercado y deberían reajustarse en caso de sufrir una 

pérdida. 

El valor declarado por Aguaytí Energy es US$ 30 millones y Maple 

Gas US$ 1 O millones haciendo un total de US$ 40,000,000 para 12 



- 65 -

meses basado en las expectativas del negocio para el período 

2000/2001. Con un período de indemnización de 15 meses. 



CAPITULO V 

ESTIMADOS DE PÉRDIDAS 

Se deja en claro que este estimado de pérdidas es solamente una guía de 

referencia para el suscriptor, y que en ningún momento intenta cubrir todas 

las posibles eventualidades. 

5.1 Definición de Pérdida 

Para propósitos del seguro, la definición de pérdida es la siguiente: 

5.1.1 Pérdida Máxima Estimada (PME) 

La pérdida máxima estimada (PME) es definida como: "la 

pérdida que puede ocurrir en situaciones anormales en las 

cuales todos los sistemas de protección fallan y el incendio 

solo puede ser detenido por una barrera insalvable o por falta 

de material combustible" 
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5.2 Daños a la Propiedad PME 

5.2.1 Explosión de Nube de Vapor (VCE) 

En nuestra opinión se trata de un riesgo con una probabilidad 

bastante remota, la explosión de una nube de vapor tanto en la 

planta de separación de gas como en la de fraccionamiento. 

Sin embargo el historial de pérdidas ha demostrado que las 

plantas de procesamiento de gas son lugares de alto riesgo en 

lo que respecta a una explosión potencial. 

Una explosión de nube de Vapor (VCE) puede resultar de la 

ignición de una nube de vapor generada por la rápida 

liberación de un líquido inflamable que se vaporiza o de una 

fuente de gas a alta presión. Daños producto de sobre presión, 

con la subsiguiente rotura de los equipos de proceso, pueden 

ser el resultado directo de grandes llamas a velocidad 

generadas por el proceso de deflagración como resultado de 

una nube de vapor atrapada en las estructuras de la planta. 

Una potencial pérdida catastrófica existe cuando se tiene una 

gran acumulación de los siguientes tres tipos de material 

inflamable almacenados en la cercanía o en la misma área de 

procesamiento: 

Tipo 1 Gases inflamables comprimidos y vapores cercanos a 

su presión crítica. La presión es lo suficientemente 



Tipo 2 

Tipo 3 
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alta como para producir una nube de vapor que se 

confine dentro de la estructura de procesamiento. 

Gases inflamables de Hidrocarburos a presión en 

estado líquido. 

Líquido inflamable con un punto de ebullición superior 

a los 20ºC y un flash point inferior a 40ºC cuando se 

presenta en estado líquido con una presión cercana a 

su punto de ebullición a presión atmosférica. 

5.2.2 Reconocimiento 

Los equipos de procesamiento en ambas locaciones han sido 

construídos mediante la utilización de módulos, con un mínimo 

nivel de congestión o confinamiento presente. Pero aun así una 

fuga mayor resultaría en un "flash tire" con un mínimo de 

equipo dañado debido a la sobre presión generada. 

Gracias a la buena separación existente entre el compresor y 

el de-etanizador en la sección de separación de gas (proceso 

con en el que se encuentra el mayor valor), el daño podría 

considerarse como mínimo para este tipo de eventos como se 

demuestra más adelante. 

5.2.3 Selección de las Fuentes 

La selección de las fuentes se basa en el siguiente criterio: 



No Description 

1 De-ethaniser 

2 Cold Separator 
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• La localización de la fuente en o cerca de de áreas de

proceso de gran valor y con gran concentración de

bienes en donde se reúnen las condiciones necesarias

como para que se forme una nube de vapor.

• Almacenes o tanques donde se tenga material

inflamable en suficiente cantidad que pueda generar una

pérdida catastrófica.

• La localización de las áreas cerca de un área del

proceso donde se pueda causar una potencial

interrupción del negocio con elevadas pérdidas.

La siguiente lista muestra los lugares en donde se podrían 

generan los más significativos VCE escenarios. 

Components Temp Type 1 
1 

Type 2/3 Cloud 
Typel 

Name Wt ºC P(barg d (mm V (m3Yi 1 (t) M (t) r (m) Drift (m 
01 

2 Propane 100 37 5 3 1 21 36 

2 Butane 50 -28 1 1 o 6 1 

Propane 50 
.. 

! 
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Ambos almacenes contienen la suficiente cantidad de material 

volátil como para producir un VCE. Después de las 

consideraciones con respecto a la densidad, el nivel de 

congestionamiento y confinamiento asociado con las 

estructuras de proceso y una potencial nube de vapor de gran 

tamaño, se ha seleccionado un caso para la evaluación: 

El caso seleccionado es una gran pérdida en propiedad a 

causa de la daño en el 16-0603 de-etanizador. 

5.2.4 Cuantificación y Estimación de Zonas Dañadas 

Nuestra aproximación refleja fundamentalmente los últimos 

avances en la estimación de pérdidas en este tipo de eventos, 

y se basa en un modelo utilizado por los mayores 

reaseguradores en los últimos años. El método implica la inicial 

cuantificación del tamaño de la nube de gas y su dispersión, 

. seguido de las condiciones de la planta y cuan rápido se 

propagaría una llama con el consecuente daño por sobre 

presión. 

Las siguientes son las categorías de congestionamiento y 

confinamiento en las estructuras de la ·planta, las cuales tienen 

directa relación con la magnitud del VCE: 



Severo 

Moderado 

Bajo 

Mínimo 
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5.2.5 Planta de Separación de Gas 

Potenciales "flash" en la zona de almacenamiento o de proceso 

tales como la parte baja del de-etanizador, seguido de la 

ruptura de la tubería y formación de una nube de. 

Grado de confinamiento y congestión: Mínimo/Bajo 

Los círculos de sobre presión muestran las áreas que se verían 

afectadas en caso de una explosión en alguna de las 

estructuras centrales. 
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o 

5.2.6 Asignación de Valores a la Propiedad y Estimado de 

Pérdidas 

Consideraremos el daño principal como una explosión inicial y 

una onda de choque que parta desde los equipos de proceso o 

sea producto de la ruptura de una tubería: 



Anillo de 
Sobre 

pr�sión 

> 0.70

0.70 -0.35 

0.35 - 0.20 

0.20-0.10 

0.10-0.05 
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Localización del Daño por Fuego y Explosión (%) 

Planta de Maquinaria Torres de Tanques Distancia 
Proceso Pesada Enfriamiento del lugar 

100 80 100 100 100 

80 40 100 100 80 

20 o 100 100 20 

5 o 100 50 5 

o o 50 o o 

Los siguientes porcentajes de daños están aplicados a las 

zonas de valor relevante en las plantas, basados en el 

porcentaje del área de cada planta que es cubierto por la zona 

de sobre presión. 

La pérdida máxima por VCE se puede estimar en menos de 

US$ 3 millones ya que la onda de sobre presión generada no 

excede los 0.2 Bar, lo cual causa grandes llamaradas de fuego, 

pero no un sensible daño por la onda de choque. 

5.2.7 Jet Fire 

El sitio con mayor exposición a "jet tire" es la planta de 

separación de gas donde la alta presión (2500 psig) de llegada 

del gas húmedo está localizado a 30 metros de la contracción 

donde se ubican los compresores. 
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En el caso de una ruptura en la entrada de gas, resultaría en 

un "jet fire" que destruiría aproximadamente el 50% de las 

instalaciones. Una situación similar podría darse en la tubería 

principal de 12" de gas residual en la estación de Neshuya la 

cual opera a 1050 · psig, por cuya ruptura la presión bajaría 

rápidamente. 

La pérdida máxima estimada por "Jet tire" es: US$ 15 millones. 

5.2.8 Spill Fire 

La mayor exposición a un "Spill fire" está en el área donde se 

encuentra el calentador de aceite. En éste proceso el sistema 

de calentamiento opera cerca de su flash point, y por cualquier 

falla rápidamente se puede incendiar, lo cual envolvería en un 

mayor fuego todas las áreas aledañas a este sector de la 

planta. 

Debido a la buena distribución de la planta solo el de­

etanizador y el enfriador de la planta de separación de gas se 

verían afectados, esto representa el 40% del valor asegurado 

de esa área. 
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El daño en la planta de fraccionamiento sena 

considerablemente inferior. La máxima pérdida estimada para 

un "Spill FIRE" es: WS$ 13 millones. 

5.2.9 Incendio en Turbina 

Un fuego incontrolable en una de las turbinas de gas, puede 

resultar en una perdida de US$ 15 millones en daños en caso 

que los sistemas de supresión fallen. Esto es un daño en un 

80% en la sección de la turbina/compresor. 

5.2.10 Incendio en Taques 

El almacenamiento consiste en tanques pequeños de 100 bbl 

localizados en el interior de la planta de fraccionamiento en un 

área aislada. Exposición mínima. 

5.2.11 Peligros Naturales 

El mayor peligro natural es un terremoto. Sin embargo debido 

al tipo de construcción modular, el daño potencial no sería 

superior a los peligros anteriormente evaluados. 

La separación existente entre las tres diferentes locaciones del 

proyecto evita la acumulación de bienes. Entonces la pérdida 

máxima para Peligros Naturales seria de: US$ 15 millones. 
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5.2.12 Conclusión 

Basados en el peor de los casos de "Jet Fire" o un incendio en 

una turbina. 

Se propone el siguiente modelo basado en 27 meses 

incluyendo inflación: 

• Para un evento que ocurra en el siguiente periodo

asegurado.

• 15 de periodo de reconstrucción.

• Basado en los valores del 20 de Julio 2000.

Asumiendo una inflación anual del 3%. 

Además de agregar un 14.5% de gastos debido a la extinción 

del incendio, remoción de escombros y gastos adicionales se 

sugiere el siguiente estimado de perdida. 

El PME por daño a la propiedad se puede estimar en: US$ 18 

millones. 

5.3 PME para Rotura de Maquinaria 

Este riesgo esta asociado con 

• El-costo del reemplazo de grandes partes debido a la rotura.

• El costo de la reparación de la maquinaria y equipos.
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En general para una falla de este tipo se considera al suceso como 

algo no previsto o inevitable, que no ocurriría de manera normal. El 

desgaste o fatiga de los equipos en su tiempo �e vida normal no esta 

incluído. 

Un incidente de este tipo puede ser el resultado de: 

* 

* 

* 

Defectos de · material, 

ensamblado. 

diseño, construcción, montaje o

Accidente fortuito de trabajo tales como vibración, mal ajuste, 

pérdida de partes o inefectiva o mala lubricación, golpe de ariete o 

sobre calentamiento local. 

Excesiva o baja intensidad de corriente, falla de sellos, corto 

circuito, apertura de circuitos o arco eléctrico, además de efectos 

de la estática. 

Para la mayor parte de procesos productivos., el daño consecuencia! 

de la interrupción de la producción es mayor que el costo del 

reemplazo o la reparación de los equipos. 

Para ruptura de maquinaría, se evalúa la exposición catastrófica 

(PME) que pueda causar mayor daño a los equipos y/o la producción. 

Para aclarar el concepto, es necesario dar una mirada a los equipos 

de planta usados en este proyecto, los cuales podrían sufrir un 
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accidente inesperado. En particular, podríamos ver las máquinas y 

equipos con mayor exposición a riesgo y combinarlo con las que 

tienen un mayor valor y complejidad en cuanto a emplazamiento o 

riesgo operacional. 

El riesgo se puede medir en velocidad (para el caso de máquinas 

rotativas), presión, temperatura y ambiente corrosivo (para los demás 

equipos). 

5.3.1 Máquinas Rotativas de Alto Riesgo 

Las máquinas rotativas de altas velocidades tales como 

turbinas, compresores, reductores de velocidad, alternadores 

son mas propensas a sufrir daños accidentales durante la 

operación, debido a problemas de lubricación, fallas en los 

alabes, vibración o fallas en los acoples. Usualmente es 

posible de reparar la falla en caso se cuente con las partes de 

reemplazo y la mano de obra capacitada en 1 ó 2 meses. 

Daños en equipos rotativos resultados de sobre velocidad, 

excesiva vibración o fallas en la fabricación, pueden requerir 

del reemplazo del casco exterior. Se considera a estos 

escenarios como de muy baja probabilidad, porque se cuenta 

eón sofisticada instrumentación tanto para la detección y 

protección de los equipos contra la sobre velocidad y vibración 
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en las turbinas de gas en Aguaytia. En último caso estos 

eventos catastróficos pueden ocurrir y sus daños deben de ser 

evaluados. No se cuenta con casco o rotor de reemplazo para 

las unidades turbogeneradores. Se cuenta con un pistón y 

cilindro ensamblado y almacenado para remplazar un 

compresor reciprocante Ariel incluyendo sus sellos y anillos. 

No hay posibilidades de rebobinar un motor en el sitio este 

tendría que ser enviado hasta la ciudad de Lima. El más 

grande de los motores es de 40HP. Los estatores de los turbo 

generadores marca ABB tienen que ser enviados a Lima para 

su reparación. 

Los turbo generadores son monitoreados por un ABB Egatrol 

300 el cual incluye detección de vibración y desplazamiento 

con alarmas y parada automática. 

5.3.2 Máquinas Rotativas de Bajo Riesgo 

Las máquinas rotativas que operan a bajas velocidades son 

relativamente pequeñas en cuanto a potencia y no poseen 

· mayor exposición a riesgo o valor que las máquinas de altas

velocidades descritas previamente.
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La planta cuenta con un considerable número de bombas, 

compresoras y otros equipos, los cuales pueden ser incluidos 

dentro de esta categoría. 

5.3.3 Equipos Fijos - Activos de Gran Valor 

Los equipos fijos como las torres, intercambiadores, equipos a 

presión, reactores y tanques todos están diseñados según 

códigos establecidos (ASME VI 11 and National Board Certified) 

y la probabilidad de falla es baja Problemas específicos en 

este tipo de plantas están relacionados a fallas internas, 

corrosión o colapso de metal por fatiga. A pesar de la gran 

cantidad de equipos la probabilidad de falla es baja, y el daño 

potencial puede ascender a US$ 1 millón y el tiempo de 

fabricación puede considerarse de-etanizador o la columna de 

fraccionamiento. El enfriador de aluminio puede incluirse en 

este tipo de recipientes. 

El riesgo de desintegración del recipiente producto de una falla 

de materiales no puede ser despreciado pero debe 

considerarse como una falla con una posibilidad muy baja. 

En adición a la falla de material debe- considerarse, la sobre 

presión causada por una falla en una zona diferente como 

sería el caso de una válvula de cierre. 
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En general el proceso para llevar acabo la extracción de gas y 

el fraccionamiento del mismo es un proceso estándar bien 

conocido y operado en la industria a temperaturas y presiones 

moderadas. El uso de materiales exóticos esta limitado al 

acero inoxidable en la zona del enfriador del gas húmedo y el 

aluminio en el enfriado de la planta de gas. 

El siguiente cuadro muestra el valor de algunos equipos 

críticos identificados. 
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5.3.4 Maquinaria Rotativa de Alto Riesgo 

Unidad ítem Valor Estimado 
(US$) 

Separación de Gas 11-0601 A/B 1.5 
Compresor de Gas
Residual

Separación de Gas 11-0602 A/B 2.0 
-· Compresor de Gas

para Reinjeccion

Separación de Gas 28-9601 A/8 1.0 
Generador

Separación de Gas 13-0601 2.0 
Expansor/Com presor

Planta Eléctrica Gas Turbina 18.0 
Generador A/8 

5.3.5 Calentadores 

Unidad Ítem Valor Estimado 
(US$) 

Planta Eléctrica Calentador de Gas -

Gas Separación 14-9501 Calentador -

de Aceite

Fraccionamiento 14-9511 Calentador -

de Aceite

Comentarios 

Caterpillar (1666 
HP/1000 RPM gas 
engine driven 
reciprocating Ariel 
compressor 

Caterpillar (2250 
HP/1000 RPM gas 
engine driven two 
stage reci procati ng 
Ariel compressor 

Waukesha 500 kW 
1800 RPM@ 460 V 

Rotoflow centrifuga! 
835/809 HP 40,000 
RPM 

Model ABB GT-11 
NM 78 MW@ 13.8 
kV 

Comentarios 
' 

Direct fired gas 

l::leat Recovery Corp. 
Direct fired gas. 

Heat Recovery Corp. 
Direct fired gas 
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5.3.6 Equipos Fijos 

Unidad ítem Valor Estimado Comentarios 
(US$) 

Separación de Gas 15-0601/2 Aluminium 1.0 ALTEC 
Enfriador

Planta Eléctrica Generador 3.0 ABB 13.8/220 kV 
Transformador 

100 MVA 

5.3.7 Conclusiones 

Una significativa interrupción del negocio puede ocurrir en caso 

de una pérdida de una de las turbinas a gas en la planta de 

energía eléctrica, a consecuencia de un incidente de sobre 

velocidad y produciendo una falla catastrófica la cual puede 

ascender a 15 meses de paralización de la unidad. 

Basado en la información brindada se sugiere que el PME para 

rotura de maquinaria debe ser estimado en: US$ 18 millones. 

5.4 PME de Interrupción de Negocios 

En esta sección del reporte se analizara el riesgo potencial para la 

cobertura de interrupción de negocios, relacionado con los Daños a la 

Propiedad y con la Rotura de Maquinaria. 
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5.4.1 Parámetros para la Evaluación 

Para analizar la cobertura de interrupción de negocios es 

necesario fijar los parámetros que han sido proyectados, en 

caso de requerir la reconstrucción de las unidades después de 

que un evento catastrófico. 

El acceso de equipos pesados hacia las instalaciones debe 

ser realizado a través del río Amazonas y Ucayali hacia la 

ciudad de Pucallpa, ya que los accesos vía carretera desde el 

Pacifico cruzando los Andes no son adecuados para 

transportar carga pesada. Los Transportes en la ruta están 

· limitados por la máxima capacidad de los puentes.

El equipo sóto puede ser llevado al sitio en la estación de lluvia 

(Noviembre a Abril) debido a que sólo en esos meses el nivel 

del río es lo suficientemente alto como para ser navegable. Por 

lo tanto sólo disponemos de 6 meses. 

Con respecto a las turbinas de gas de ABB, el tiempo de 

reemplazo puede ser estimado en de 9 a 12 meses, lo cual 

incluye un mes de embarque. Asumiendo que no se contará 

con el clima adecuado el tiempo total de reemplazo sería de 

18, lo cual es 3 meses en exceso con respecto al periodo de 

indemnización de 15. 
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Con respecto a la reciente compra de ABB por parte de Altrom 

el futuro de la turbina GTE 11 y su tiempo de despacho 

dependerá de la reestructuración interna de la compañía. 

Un tiempo similar de reemplazo puede aplicarse al de 

etanizador y a la columna de fraccionamiento, después de un 

daño severo por incendio. 

5.4.2 Interdependencias de Plantas 

Para entender la interdependencia entre las plantas del 

proyecto el siguiente diagrama ilustra las interconexiones a 

través de tuberías. 



1 O" dia. 
84.5 km 
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Gas 
Húmedo 

l 

Gas Re-injeccion 

l 
Planta de �oo 

Zorillos 

Y arinacocha 
Planta Eléctrica 

6" dia. 
Refinería 
Maule 

ll�dia. 
37.5 km 

4" dia. 
89.5 km 

l 4" dia.

-------- 1 Planta de Fraccionamiento
-, Pm·Allrm 

....------ -------
Nesh.uya Esuacioo ___-

Pkmta� ,� 
_Agua_ytia ____, 

de Medición 6" dia. 
56km 

•• 

Camión Tanque 
Lima 

... 

TingoMaria 
Stlbrestación 

Gas Seco 

NGL 

220kV 

l 319 km

---•• LPG 

� 
Subestación 

.__ ____ _..a, ___ .,.., 
SICN Red 

Gasolira 

Manantay LPG Estación 
Transferencia. 

4" dia.

7km l 
Pu�lpillo LPG 
Buques Carga 

El análisis de pérdidas considera las siguientes áreas: 
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5.4.3 Proveedores 

El único stock de gas natural en la zona lo posee la misma 

Aguaytía Energy por lo que no se cuenta con la posibilidad de 

comprar gas natural para operar la planta. En cuanto a los 7 

pozos · operativos solo 4 son necesarios para mantener la 

planta eléctrica operando en horas pico, los otros tres están 

siendo utilizados para reinyectar el gas. 

Por lo que la pérdida de un sólo pozo no afectaría la 

producción de la planta, en caso de ser necesario uno de los 

pozos de inyección puede ser rápidamente transformado en 

producción. 

5.4.4 Clientes 

Estos son los tres clientes principales:· 

• Refinería Maple: La refinería de Pucallpa consume toda la

gasolina natural producida en la planta de fraccionamiento.

Una perdida mayor en la refinería tendría como solución el

envío de la gasolina hacia la costa del Pacífico a otra

refinería peruana. Se debe aclarar que no se cuenta con

stock de gasolina natural actualmente almacenada y que

solo se ha destinado un tanque a este servicio.
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En este caso sólo habría gastos de operación adicionales 

debido al transporte de gasolina hacia la costa del Pacífico. 

• LPG Clientes: Hay u-n gran número de clientes de LPG en

el área de la ciudad de Lima, que son diariamente

abastecidos por 27 camiones LPG, que se cargan durante

las noches. La pérdida de uno de estos clientes en Lima no

representaría una gran afectación para el negocio.

• Abastecimiento Eléctrico: La energía eléctrica es enviada

vía el sistema de transmisión del proyecto Aguaytia y se

conecta a través de la red peruana SICN con un sinnumero

de clientes. La pérdida de uno de los clientes no afectaría

las características del negocio, sin embargo la pérdida de la

red si tendría una grave implicancia en la producción.

5.4.5 Logística 

5.4.5.1 Caminos 

El acceso a la planta de fraccionamiento es una de las claves a 

tomar en cuenta para la afectación por interrupción. El camino 

montañoso hacia la ciudad de Lima es el único método de 

exportación del LPG y se realiza por una sola carretera. Estas 

exportaciones dependen tanto del estado de los camiones de 

transporte como del camino y los puentes en sí. 



- 89 -

La pérdida de uno de estos vehículos no afectaría el flujo de 

producción ya que se posee una gran flota (27) dedicadas a 

transportar LPG. Pero la inutilización o bloqueo de la ruta 

principal podría paralizar los envíos por hasta dos semanas, y 

la planta sólo cuenta con capacidad de almacenamiento para 5 

días. 

5.4.5.2 Tren 

No hay Tren disponible. 

5.4.5.3 Tuberías 

La tubería que abastece la refinería de Maple en Pucallpa, 

presenta una exposición mínima. 

La interdependencia entre la planta principal y la planta de 

fraccionamiento o energía eléctrica es por la tubería de NGL. 

Una falla en· 1a tubería de NGL no afectaría la producción de 

NGL ya que el gas podría ser reinyectado. 

Una falla en la tubería permitiría proseguir con la operación en 

la planta de fraccionamiento, sin embargo podría restringir el 

trabajo de la planta eléctrica, que por el momento sólo está 

siendo usada en horas pico. 

El trazado de la tubería, sin embargo, es bastante claro y 

permite el tener acceso y facilidad.es al mismo en caso de 

mantenimiento o reparación. 
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5.4.5.4 Marina 

La instalación portuaria para la exportación de LPG aun no ha 

sido usada. 

5.4.6 Unidades de Proceso 

Para calcular el PME por interrupción de negocios en un 

escenario catastrófico se ha evaluado las ventas de los 3 

productos en los últimos años. 

Ventas Ganancia Estimada 

Electricidad US$ 28.5 millones (50 %) 

US$ 13.5 millones (25 %) 

US$ 14 millones (25 %) 

US$ 15 millones 

US$ 7.5 millones 

US$ 7.5 millones 

LPG 

Gasolina Natural 

5.4.7 Planta de Separación de Gas 

El PtylE para interrupción de negocios se encuentra dominado 

por la planta de producción de gas. Un incidente catastrófico en 

la planta de gas resultaría en una total paralización del 

proyecto por un periodo estimado en más de 15 meses. En 

caso de suceder la interrupción del negocio costaría un 

aproximado US$ 37.5 millones en este período, aun si la 

refinería de Maple siguiese operando utilizando crudo local. 

Claro que sufriría una recarga en su operación si se tuviese 

que importar el crudo desde alguna otra parte. 
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El contrato con la compañía de transporte, requiere el pago por 

parte de Aguaytía de US7,500 diarios estée o no estée el LPG 

disponible. Por lo tanto la compensación por una paralización 

de 450 días ascendería a US$ 3.4 millones. 

Lo que nos daría una pérdida total de US$ 40.9 millones. 

La planta había sido diseñada para separar el gas del campo y 

enviarlo directamente por una línea de gas residual sin separar 

los NGLs. Sin embargo debido a la gran cantidad de NGLs ha 

sido necesario llevar a cabo una serie de modificaciones en el 

ingreso a la planta eléctrica y en la estación de Neshuya. 

Adicionalmente la corrosión por C02 hace necesario una 

completa revisión del sistema de tuberías para asegurar que no 

se presente una posible falla que pueda dañar las turbinas. 

5.4.8 Planta de Fraccionamiento 

Un incidente catastrófico en esta localización paralizaría toda la 

producción de NGLs y el gas de la planta de separación tendría 

que ser reinyectado. Asumiendo que el grueso de las 

ganancias por LPG y gasolina natural ascienda al 50% del total 

y el periodo de interrupción del negocio llegue a los 15 meses, 

entonces se podría estimar la pérdida en US$ 18.8 millones. 

Esto es en caso que la refinería de Maple estuviese operando. 
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5.4.9 Planta Eléctrica 

El único incidente catastrófico en esta planta seria un incendio 

en una de las unidades turbo generadoras, lo cual reduciría la 

producción de energía eléctrica al 50% por un período de 18 

meses. Asumiendo que la ganancia es el 50% del total y que la 

paralización ascendería a más de 15 meses, la pérdida se 

podría estimar en un total de US$ 9.4 millones. 

5.4.10 Maquinarias 

Desde el punto de vista de rotura de maquinaría, el mayor 

riesgo se encuentra en el áreas del turbo expansor, el 

compresor reciproncante y los equipos de reinyección en la 

planta de separación de gas. La pérdida de uno de los turbo 

expansores provocaría que la planta solo opere al 30% de 

capacidad usando la válvula de expansión Joule Thompson , 

resultando en una pérdida estimada en US$ 9 millones en los 

12 meses que tomaría el reemplazar la parte dañada. 

La pérdida de uno de los compresores de gas causaría un 

descenso en la producción de esta un 50% ya que los dos 

compresores con los que se cuentan son necesarios para que 

se opere a máxima capacidad. 
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No hay maquinaria considerada para esta parte del informe en 

la planta de fraccionamiento. 

En la planta eléctrica la ruptura de maquinaría ha analizar debe 

estar centrada en la pérdida de una de las dos turbinas a gas, 

lo cual daría como resultado una paralización de más de 15 

meses y una pérdida de US$ 9.4 millones. Pérdida en el 

generador y el transformador incurriría en el mismo monto de 

pérdida, sin embargo estos equipos son de más fácil 

reemplazo. 

5.4.11 Instalaciones de Almacenamiento 

Las instalaciones de almacenamiento de LPG en la planta de 

fraccionamiento no están en uso. Estas consisten en 18 

tanques de 227 m3 presurizados cada uno de los cuales es 

utilizado para almacenar NGL para la planta. La pérdida de uno 

de estos tanques resultaría en la paralización de la planta de 

fraccionamiento, la pérdida resultaría en Ja restricción de la 

capacidad de almacenamiento en la planta de fraccionamiento. 

El periodo de reparación del tanque se estima en cuatro 

meses. 
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La pérdida podría estimarse en US$ 5 millones. La refinería de 

Maple no sufriría afectación sin embargo algunos componentes 

de su combustible de alto octanaje incrementarían su precio. 

5.4.12 Servicios 

5.4.12.1 Vapor 

No hay instalaciones para generar vapor. 

5.4.12.2 Electricidad 

A pesar de que la planta de separación de gas es 100% 

redundante en cuanto a su capacidad de generación, la planta 

de fraccionamiento sin embargo es enteramente dependiente 

del servicio público. Hay que anotar que la estación de 

Yarinacocha está situada en la misma ciudad de Pucallpa. Por 

lo tanto la exposición a pérdida de electricidad a través del 

sistema es considerada como mínima. Además se debe 

considerar que se puede contar con equipos de generación 

móviles en caso de emergencia. 

5.4.12.3 Combustible 

El combustible en las tres estaciones es abastecido por la 

tubería de gas natural. 

5.4.12.4 Aire 

Se cuenta con :.m 100 % de redundancia en el sistema de 

compresión de aire en las tres locaciones. 
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5.4.12.5 Agua 

Los requerimientos de agua no están limitados y son 

abastecidos directamente desde pozos de agua en las 

diferentes plantas. 

5.4.12.6 Llamaradas o Antorchas 

Todas las válvulas de descarga a la atmósfera est�n lo 

suficientemente elevadas como para compensar una falla en el 

sistema. Además se cuenta con un sistema de descarga de 

emergencia. A pesar de esto en caso de presentarse la 

acumulación de una nube de gas, la localización de la antorcha 

es tan remota y con tan buena ventilación que el gas seria 

dispersado sin presentar mayor riesgo. El pequeño tamaño de 

las antorchas permite su fácil reemplazo. 

5.4.13 Otros 

Las operaciones en las tres plantas pueden considerarse como 

limpias y sin riesgos para el ambiente. 

5.4.14 Conclusiones 

Basado en el análisis anterior las pérdidas deberían ser 

estimadas en: 

PME Daños a la Propiedad 

PME Rotura de Maquinaría 

.US$ 40.9 millón 

US$ 9.4 millón 
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5.5 Resumen de Pérdidas 

El siguiente cuadro es el Resumen de Pérdidas: 

Escenario US$ millones Comentario 

DP IN DP+IN 

PME Daños la 
Sep. de Gas 

18 40.9 58.9 15 meses a 
Propiedad Planta 

15 9.4 24.4 15 meses 
Eléctrica 

Rotura de Planta 
18 9.4 27.4 15 meses 

Maquinaria (RM) Eléctrica 

PME 



CAPITULO VI: 

PROTECCIÓN CONTRA INCENDIO 

6.1 Equipos a Prueba de Explosión 

Debido al tipo de construcción modular, no se cuenta con muros 

cortafuegos más que en lugares específicos. Sin embargo se debe 

dejar notar que los equipos están separados por distancia, de otras 

unidades de proceso. La excepción se da en la planta de 

fraccionamiento donde el soporte de enfriador fin fan cooler es de 

concreto, a pesar de no cubrir toda la altura del mismo. Este enfriadQr 

sí se encuentra cerca de las instalaciones de proceso. 

Los transformadores en la planta de generación eléctrica, están 

separados del generador por un muro cortafuego completo, como se 

puede ver en la fotografía. 
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Fotografía #10 Vista de Muro cortafuego 

6.2 Detección de Fuego y Gas 

La detección de fuego y gas solamente está disponible en el interior 

de las turbinas de la planta eléctrica. Este sistema apaga 

automáticamente las turbinas. Un panel Spectronics está ubicado en 

el cuarto de control. 

Todas las oficinas administrativas, cuartos de control y almacenes 

están equipados con detectores de humo. Además se cuenta con seis 

detectores de gas en la planta de separación. 
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6.3 Agua Contra Incendio 

6.3.1 Planta de Separación de Gas - Zorillos 

No hay sistema fijo de agua contra incendio instalado. 

6.3.2 Planta de Fraccionamiento - Pucallpa 

Debido a las grandes cantiqades de LPG almc,icenado en el 

lugar la planta de fraccionamiento incluye un sistema de agua 

contra incendio. Este sistema cubre los recipientes de 

almacenamiento y el área de procesos en sí. Consta de una 

combinación de monitores e hidrantes. 

El sistema tiene de 5000 barriles de capacidad dedicada de 

manera exclusiva almacenada en un solo tanque y cuenta con 

un sistema de bombeo de 1500 gpm que es manejado desde 

una bomba a motor diese!, marca Patterson la cual opera a 

2100 rpm alimentando una tubería de 1 O" de diámetro con la 

que se abastece al anillo protector. Se alimenta un total de 

siete monitores. 

La línea contra incendios se mantiene presurizada por medio 

de una bomba jockey y la bomba diese! arranca de manera 

automática ante una pérdida de presión en la línea. 
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Fotografía #11 Una vista general de las instalaciones contra incendio. 

6.3�3 Estación de Transferencia de LPG - Manantay 

Los cuatro recipientes a presión están protegidos por medio de 

dos monitores alimentados desde una bomba diese! de 500 

gpm de capacidad. La línea de incendio principal se encuentra 

presurizada por medio de una bomba jockey y la bomba 

principal arranca en el momento que cae la presión en la 

tubería. El agua de reserva es un solo ta�que de 100 barriles 

de capacidad. 

Estas instalaciones no están siendo utilizadas. 
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6.3.4 Planta Eléctrica - Aguaytia 

El sistema consiste en dos reservorios de agua dedicados que 

alimentan a do� bombas de 1250 U S gpm marca Peerless, 

una de las cuales es diesel. Estas a su vez alimentan un anillo 

protector equipado con hidrantes y monitores. 

La capacidad de agua contra incendio está calculada en base a 

la activación de los dos sistemas contra incendio deluge de los 

transformadores de una de ellas además de la utilización de los 

hidrantes y monitores cercanos. 

La línea contra incendio se mantiene presurizada por medio de 

una bomba jockey, y las bombas contra incendio arrancan de 

manera automática cuando se detecta pérdida de presión en la 

tubería. 
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Fotografía #12 Una vista general de las bombas contra incendio se 

puede apreciar en la fotografía. 

6.4 Protecciones Especiales 

6.4.1 Equipos de Proceso 

Se cuenta con un sistema de protección fijo en base a CO2 en 

las turbinas de gas en la planta eléctrica. Estos son activados 

por detectores UV/IR. Un solo detector da una alarma al cuarto 

de control, en caso de que se active otro el sistema se 

descarga y se apaga la turbina. 
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El equipamiento consiste en un solo recipiente de CO2 que 

protege todas las instalaciones de la turbina. Ambas turbina 

cuentan con el mismo sistema y esta diseñado para dar 

descargas independientes. 

Un sistema de sprinklers automáticos deluge está instalado 

sobre el generador y los transformadores. Estos se activan 

directamente mediante detectores de calor. En los 

transformadores están ubicados encima de los recipientes de 

aceite. 

6.5 Equipos Móviles 

6.5.1 Vehículo Contra Incendio 

Un solo vehículo contra incendio, American La France 1975 

está disponible en la refinería de Maple en Pucallpa. Esta 

equipado con una bomba de 1000 US gpm, y cuenta con una 

reserva de 500 galones de agua y 500 galones de Espuma. 

No hay otro vehículo en las instalaciones. 

6.5.2 · Extintores 

Todas las locaciones están equipadas con extintores 

manuales. Además se cuenta con equipos rodantes de 50 
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kilogramos de polvo químico seco, localizados en puntos 

estratégicos. 

6.6 Pruebas 

Los extintores cuentan con un registro en el cual se lleva la 

información acerca de su esta&.:> y cuando deberán ser recargados. 

Los sistemas contra incendio son probados de manera semanal 

haciendo trabajar las bombas durante 30 minutos. 

La inspección de los equipos fijos se realiza mediante inspecciones 

regulares que incluyen un checklist. 



CONCLUSIONES 

Métodos de Evaluación de PME 

En el caso de una visita de inspección de riesgo debido a la premura del 

tiempo, el método utilizado para evaluar la perdida máxima estimada o PME 

es el del What lf?, es decir uno debe ponerse en la peor situación que pueda 

ocurrir en la instalación inspeccionada. Ya que es labor de la empresa en 

mención el realizar un PHA o una Hazüp and HazAn. 

Daños a la Propiedad 

El PME de daños a la propiedad debe ser considerando siempre el 

catastrófico, tal como se ha visto en el informe. Aunque la probabilidad sea 

pequeña el análisis debe girar en torno a la severidad de los daños 

Interrupción de Negocios 

El daño por interrupción de negocios es en este caso considerablemente 

más severo ya que las expectativas de ganancia· en este negocio son 

amplias y por lo tanto la pérdida es mucho más severa que en daños a la 

propiedad debido al tiempo de paralización. 
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Layout y Construcciones 

La distribución de la planta y los materiales que se utilicen para la 

construcción son fundamentales para este tipo de análisis, ya que la 

separación de un riesgo mediante la distancia es mucho más efectivo que 

cualquier sistema contra incendio. El fuego y las llamas necesitan 

combustible para poder propagarse. 

Reducción o Eliminación de Riesgos 

En la mayor parte de los negocios se intenta reducir el riesgo mediante 

separaciones físicas (distancia o muros cortafuego) o cambiando los 

materiales a utilizar, dejando de lado el uso de inflamables o 

combustibles.Sin embargo.esto no se puede dar en todas las empresas ya 

que algunas se ven obligadas a utilizar estos materiales dentro de sus 

procesos por lo que la única manera de limitar el riesgo es controlando los 

focos de ignición y que el personal y las instalaciones estén equipadas 

adecuadamente para la lucha contra incendios. 
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1.0 SCOPE 

Thls data sheet provides loss prevention recommendations for gas turbines. lt covers both heavy-duty 
Industrial types ánd aeroderivalives. lt a\so covers int&mal fires and e:xpk>sions in gas tufbines. Externa/ fire 
prolection is � in Data Sheet 7-79. Fire P,t.A9cfio,, for Gas Turbines. 

1.1 Changes 

January 2005. The following changes were done for this revision: 

1. Seclion 2.1.2.1, Maintenance Testing. Overspeed revised frorn actual to sirnulated al less !han rated speed.

2. Section 2. 1.2.6. Revisad to be consislent with 2 .2.2.6. Actuation of back-up lube bit pump quarterly versus
weekly. Quarterly is adequate far verification of functionality. The emergency purnp provides further back-up.

2.0 LOSS PREVENTION RÉCOMMENDATIONS 

2.1 Heavy-óuty Industrial Gas Tumine 

2.1. f 6'¡Ulpmenf 811d Processes 

Table 1 is a &st of protective devices recommended for heavy-duty industrial gas turbinas. 

Flame detecton In combus� 

O-�� sysl@m (see Note 1): Siogle-sha1t: 
Two-shaft (uncommon. old engfnes}-

Gas-genera� rotof 
Pawef-ublnero\of 

Thermocouples In lhrust beartngs pads � MW) (see Note 2) or proxlmity probes 

Hlgh klbe ol tempenttute sensor In eactt draln line, or tttermocouples In joumaJ-
beartng pads 

""" emaust lamperatute 

Exhaust--�sp'9ad 

Low lubé oll pressun. 
Vbadon �tk>n (Instalad) al beerings (.?5 MW) 

PlesstJfe dll'lftM911'8all aiaoss lnlet filler 
Flow sens<xs on Nltum lines of extemal turolne ooollng-all' systems 

TflftlCMII--. SienS1CMS In ....__ lnes of extemal lulblne ooolng-a � 
Redundanl fllel stlll'loff v8llres (Gaseous and lquld fuel, wllh au1omaflc � on 

gaseous fuel, and draln on lquid fuel systems) 
Aulomatlc draln 1n combUUOf casing (aquld fuQl) 
Poslbn sensor on � bleed vahe (F� to open on stamrp and shrtdown, 
fallUre lo remaln do.sed al speed) 

A'8rm 

X 
(210-220"F 
98-10.·c} 

X 

X 

X 

X 

X 

X 

X 

X 

11*> 

X (In <750 
ms.) 

X 

X 

X 

X 

(240--250�F 
11s-121·q 

X 

X 

X 

X 

X 

X 

Note 1: Gas turbina overspeed trip systom design has evolved ovor the years. Systems commonly found in induslry inctudo: 
a. Mechanical bol! wilh single circuit eh:•cfronic back-up adivated hy a relay from !he main control sensor and circuit 
b. Electronic 2 out of 3 voting logic activated by relays from sensors in !he main control circuit 
c. Electronic 2 out of 3 voting logic aclivated by sensors and circuitry independent from !he main =ntro/ loop 
d. Mechanical bol! primary wilh independenl electronic 2 out of 3 voting logic back-up 

Note 2: Sorne older engines do no! incorporate these features. 

2. 1. 2 Operation and Mamtenance

2.1..2..1 Maiuteuauce Testiog 

Table 2 shows recommended testing schedules for heavy-duty industrial gas turbina protective devices. 
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1.0 SCOPE 

This data sheet provides loss prevention recommeoctations for gas turbines. lt covers both heavy-duty 
Industrial types ánd aeroderivatives. lt a\so oovers inl&mal fires and explosions in gas tumines. Extemal fire 
prolection is � in Data Sheet 7-79, Fire P,d9cfiot, for Gas Turbines. 

1.1 Changes 

January 2005. The following changes were done for this revision: 

1. Section 2.1.2.1, Maintenance Testing. Overspeed revised from actual to simulated al less !han rated speed.

2. Section 2 .. 1..2.6 .. Revisad to be consisten! with 2.2.2.6. Actuation of back-up lube bit pump quarterly versus 
weekly. Quarterly is adequale far verification of funclionality. The emergency pump provides further back-up.

2.0 LOSS PREVENTION RÉCOMMENDATIONS 

2.1 Heavy-óuty Industrial Gas Tmbine 

2.1.1 B;tJpnenf Md Processes 

Table 1 is a list of protecm,e devices recommended for heavy-duty industrial gas turbinas. 

Flame detecton In combustors 

0-speed � � (see Note 1): Single-sha1t: 

Two-shaft (uncommon, otd engtnes}-
Gas-gene.ral:OI- rolo{ 
�-u'*'9roto.-

Thermocouples In lhrust beartngs pads � MW) (see Note 2) or proximity probes 

Hlgh klbe ol tem�ture sensor In eacti draln line, or tttermocouples In joumaJ-. 
b&artng pads 
""" emaust lemperalUre 
Exhaust--.�spt98d 

Low lub6 oll pressun, 
Vbation �� (lns,alad) al ._rings � MW) 
� dllkireutiall 8ia'oss tnlet filler 
Flow sensor.; on Tetum lines of extemal turolne ooollng-alr systems 
T....,_ .... SienSiCMS In '9lufn 1nes of extenlal tu.bine ooolng-aw � 
Redundanl fuel shmff vaa-s (Gaseous and llquld fuel, wllh au1oma8c � on 

gaseous fuel, and draln on lqutd fuel systems) 
Auromatlc dnt.ln 1n oombUU>f casing (lquld fuel) 
Postions,ens,cx-on �bleed vahe (F811urn to01)enon stamrp and shutdown.. 
fal1Ur9 to remaln dosed at speed) 

A'8rm 

X 

(210-22<rF 
98--10.·C} 

X 

X 

X 

X 

X 

X 

X 

X 

»., 

X {In <750 
ms.) 

X 

X 

X 

X 
(240--250.F 
11s-121·C) 

X 

X 

X 

X 

X 

X 

Note 1: Gas turbine overspeed lrip syslom design has evolved ovor the years. Systems commonly found in industry inctudo: 
a. Mechanical boll wilh single circuit elaclronic back-up activated by a relay from lhe main control sensor and circuit 
b. Electronic 2 out of 3 voling logic ac1ivaled by relays from sensors in lhe main control circuit 
c. Eleclronic 2 out of 3 voting logic aclivaled by sensors and circuitry independent from the main =ntro) loop 
d. Mechanical boll primary wilh independenl electronic 2 out of 3 voting logic back-up 

Note 2: Sorne older engines do not incorporate lhese features. 

2.1.2 Operation and Mamtenance 

2.1..2..1 Maiuleuauce Testiog 

Table 2 shows recommended testing schedules for heavy-duty industrial gas turbina protective devices. 
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Froquency 
'

Vlbmtion Monltoring 

lnstaled �. w.ualreadlngs Daily 
ln$taled lm.1na'nenta&n, log teadtngs Weeldy 
Hand-held lnslnrnentatton, take and log readlngs Weeldy 

� of auxllary � pump Quarteriy (see Note 3) 

Slmubl!td - · test (eX9fdse of sysi9m oomponents) (See Note 1.) &efy6monttls 

Overspeed test (power tufblnes � generators) (See Note 2.) Annually 

Callbratlon of protedlve k\strumentation (See la.ble ·q AnnuaDy 

Ncte 1: G.s llilltma wl&d,o,c amlro'! sysllMffs ,,.._ � Ofl!J,s,¡*9d lrip flJllditms itn wtl!idh 1"'9 m,,1;.,.. tlJTlldioTwtn,g of "19 � 
tflponse, slgnal transrnlssi<J4., ami emari;,ency shuto« valva control can be les'9d in r9Sp01 ,se lo a simulatoo overspeed signal The test can 
be eooduded while lle unft Is on line, wffl'lout actual OYIM speeding. Such simulaled tests are satisfactofy, pro-m9d � are ac=mpan;ed 
bt _,, ..,_ � d Wt19 madiine US1ll'G h _,ge,q � t.máion.. 

ft � be c11•na lo o-sp&ed .a .,_ tul7bine drMng a COJlifJGesso,; ar lhe tu7bine cf a :siJngl&--shatl madline ar gas g&oi&Jatoi blM:alJse lhe 
� dntg mounts up quicldy and n.sists acx:ale,a1iou of 1he rolor. A loss lnvolving OY9l"SP99d of such a turbine has newr been 
ntl)Oñ9d among insureds of FM Global. PTObably ttie only hazard of owrspeed of a turbine driving a CCM 11¡,, esso, invutves fractum oc 
�,...._,, cf lt.e drift ,s!q,ft or cou,p'lir.Q. 11:ñs WCllild be a "VfflY nwre � a!1d, in� casa, an adua'I � l9st. � haYe lo involw 
�"'9 "'* lll!b"lM trom tt. �for adaqlJ8lrt �ion cf the inaltia cf lha ��,g mmqim111nt.. Th1s is 9!1ltírely m,.p,acfican
for gas QGMnllors and single-shafl gas turoines; it is also impradical and probably undesirable for free turbines driving compmssors. 

!Mola 2: Wt,R,e � d!ffl,,g OOl'l4Jll&s� 1l'IWY be dCl\cull lo�.� ;s il1l0l lrue of � power � d'<Mlrl\9 � Such 
_,, <NW,s¡p,.,,.di ilass "111'$ - '-ro fflllJOl'8d � � lf a dm&TI ga,1•1alot loses lom., 11"'9 ft99 'lulibme wil1 o.e1 s¡¡,&00 ,a¡>idly willlt, 
.......,,. ..,._ � cf wody1w111ic drag, and ff'9 � systa,n must effec:I a shulrJm,i,n Allf>BblJy ami�- Annualty perfonn funclional 
tesis of overspeed trip system, al below ratP.d speed._ to verify integrity. Fuel valves shookl be lesled far leal<; tigl*less, and fu9l tlow should 
t,. undet m11nual control duñng the conduct of these "8s1s to avad a runaway ubine.. 

Note 3: Actualion can be perfonnP.d quarterly if operating procedun;is require weekly verification lhat lhe back-up pump control and load 
cenler switches ara in "Auto·· and pressura s witch and pump isolation valves are open. 

2.1..2.2 lnspection of Heavy-Outy Industrial Gas Twtines 

The lnspéction intervals recommended in this section are generally typical of industry practica. lntervals 
recommended by manufactumrs may cfiffeT lake precedence unless there are spedfic reasons lo recommend 

olherwise. 

Foltowing are outlines of inspections recommended for heavy-<:luty industrial gas turbinas: 

2.1..2.2.1 Combus1ion Sedion In� 

Recommendation 

�oadedUnlfs 
Peaking Units 

(Appro,c. 1 start o1 �10 hrldayJ 
lnttial afl&r 2000 lt 

� ... Second after addlfionaJ 2000 hr 

Th8 schedules for seoond and subsequent inspedions should be basad on the oonditions b-,d in previous 

inspections, with lhe foftowing typical intervals: 

Fue/ BaS&-l.oaded Unns Peaking Unlts 

Naualgas: 8000 hr 6000 hr 

Ol'stmate: 6000 hr 4000 hr 

llinirnum Scope of Wotl{: 

lnspection of combustor baskets (or cans) and transition pieces (or combustion annulus) fur distortion, 
cracking or unusual discotoration. 

lnspedorl of fuel nozzles for erosion and obstruction, igni� for � funcfioning añd intact wiring, and 
flame detectors for leos condilion, soundness of wiring, and specified response. 

lnspedion for freedom of operation and leak testing of gas valves, fuel al vatves. dual..fuel check valvas. 

C2005 Fadofy Mu1ual lnsurance Company. Ali rights reserved. 
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lnspedion of fuel manifold drain valves and combustion casing drain valve for freedom of operation. 

lnspection of first-stage turbine nozzle vanes as far as is possible from lhe combustor side; inspection of 
turbine blades, turbine nozzles_ and outer tip seals as far as possible using a bornscope. 

lnspedion of inlet. induding operation of anti-icing equipmenl 

inspection of thennooouple hamess, tubes for pressure sensors, and V1bration instrumentation for cracked 
ex- broken leads and olher possible damage. 

lnspection of exhaust duct for warping, cracking, eVKlence of ovemeating, as well as for soundness of seals. 

2.t..2.22 Hol Sedion (Hol Gas Palh) lnspedion

Recommendation

For all uni\s and types of serw:e; initial visual inspectioi, aft..- 8000 hr.

Subsequent inspéction as inóicated by the oonditions found in previous inspections, wilh the following
guldelines for second and subsequent inspections: 

Fue/ &S&-l.oaded Unlrs 
Peaking Uriils 

(Approx. 1 start ol �10 hrfd8y} 
NaMal� 2.t.,000 he 200 starts un&e= �dwer has QSlabllshed a lower Umll. 
Dlstilate: 20,000 hr (Total hours not to eXC8ed lmits for ba� units.) 

Manufacturers may have established more frequent intervals for hot section inspection in the case of sorne 
models. These lnlervals should take p recedence ovar the above. 

Nlinimurn Sc:ot,e of Wodt: 

Removal of upper half of turbine casing: 

lnspeclion of thermal barrier coaling (TBC) for evidence of spalling, erosion, lhermal fatigue. lnspection, 
lncluding nondestructi'l9 examination (NOE} to whatever extent possible, of rotating blades for corrosion and 
éroSion,. � dal.age_ and lhermal-fatigue uadóng. 

Removál of nozzle cf,aphragm sections for NOE. Thermal cracking may be found in the nozzle vanes and 
in the platronns. such as that iftustrated for a three--nozzte segment in FIQUl"8 1. Manufadurers have standards
for adióf'I to be implemenled in oonnection 'Wi1h such aadóng, ranging from no aciion lo weld repair. to 
replacement. depending on lhe locations. tengths and deplhs of lhe cradcs. 

NOE of turbine d'ISks in blade attachment slots and al bolt hales and disk. bof9s for cracks and corrbsion lo 
\111halever extent � 

Returbishment of parts as indicated, blending of nicks. dents and small thermal cracks in rotor blades, 
blending and weld repair of nicks and thermal cracks in nozzle van� and deanmg of cooling passages. 

Measul'ement of uial clearaooes between stationary nozzle diaphragms and rolaling wheels, between blade 
tlps and shrouds, and of taby,inth seals; comparison wfth manufac:turer's specifications and comparison with 
�� 
For lhe initiat 8000-hr visual inspection, the casing half should be removed, but blades need not be removed. 
Nozzle-vane segments need be removed insofar as it is necessary to inspec:t their overaff condition, i.e., 
warpinQ, lhermal ttaeks. hot�. indicaling inadequate <X>Ofing or combustor hot slreaks.. n serious 
eutdilions are evidenl, such as lhet'mal cradcs or dents near the leading- or traifny-edge roof areas of blades,
\he blades should be removed fur repair. Radial and axial clearances shoufd be taken to whatever extent 
possible. 
2.1.2.2.3 lnspection of Extemals

Reca, •• � 

Mlnlmum Scope of Wol'lt.: 

Dismanlle and inspection of compresSOJ" bleed vatve � freedom of operatioo and possible damage.
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Flg. 1. Sketch of cracking found durlng hot-section lnspectlon In thr&e-VB/19 turblne nozzle segment in a heavy-<futy 
industria( gas turbine. 

� chedoul of ca'llrol syslem u precise funciioning and response. 

lnspection of coupling, particularly for presence of hard deposits of hydrocarbon sludge in are.as of gear teeth. 

Beañn!, aiQf •,tent. 

fnspection of overspeed lrip mochanism and calibration of pfunger spring tension, if a mechanical lrip is US0d. 

tnspedion of tubrication syslem, indumlg pumps, fitters, coolers,, and inslrumoolalion. 

2.1.2.2.4 Overhauf (lnduding Complete Overhaul of Compressor and POW8f' Turbine) 

�,.111e1tdation 

Base-l.oad&d llnlts Peaking Unils 

On condltlon (based on perfonnanoe and vlbralk>n Manufacturer's recommeo<Saflon fo.- compmssOf" disk 

monllomg) lnspedion fur low-qde fatigue cnding. 

The only mejor components that would be revealed foc inspection in an overhaul, in contrast with a hot section 
inspection, are the compresSOf" rotor and stator. Toe conártion of these can be continualty checked by 
moritoring performance of lhe gas tutbine as f9COfflmended in Section 3.1.6. 

C2005 Fadory Mutual lnsurance Company. A11 righls reseN9d. 
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2.1.2.3 Víbration Monitoñng 

Where fixed vibration instrumentation is in place, a visual check of the vibration reading at eadl bearing of 
a heavy-duty industrial gas lurbine should be made at least daíly and logged weekly. 

Vibration signaturas are needed lo estahlish a hasP-line for monitoring and trending equipment performance. 
Establish new signatures any lime an overhaul is performed, and more frequently if adjustmenls to alignment 
or balancing are rnade. 

Calibrate all monitoring equipment at leas! annually. A check against a calibrated hand held portable monitor 
is satisfactory. 

The wxab\ mouilo,ing procedure descn'bed in Data Sheet 17--t. Moniforing and Diagnosis ol Vibra6on in 
Rotaling Machinety. should be in effect. Table 1 of Dala Sheel 17-4 pro-vides guidance for diagnosis of 
vibration changas in heavy-duty industrial gas turbines. Bearing vibration is unpredictable. The table presenls 
lhe most ikely causes of a given s11nptom and suggests the most efficient � fof- �tion. 
The following disaepancies ae covered by the <fsagnostic me1hods in lhe table: 

lncrease in unbalance cáUsed by fracture of a rotor part;
Bowed. or bent shaft; 
Disks loose on shaft; 
Pedestat looseness, incfu<fR1g faulty foundafion; 
Traverse cracks in shaft; 
ButiJp of had dep)sits in splined couprang; 
Gearbox damage; 
8ulldup of deposits on co� or turbina blades. 

2.1.2.4 Lube Oil Systems 

Heavy duly combuslion turbine lube oil systems are likely to include one of !he following configura!ions 
depending on the OEM, !he frame size and lhe age of Lhe system: 

a) Two 100% capacity ac lube oil pumps and an emergency de pump.

b) A main shaft driven pump, one 100% capacily ac motor driven auxiliary pump and an emergency de
motor driven pump.

e) Same as (b) plus a gravity or pressurized drain tank.

The following tests are to detérmine !he full functionalily of back-up and emergency supply of lube oil to 
bearings when lhe turbine shaft is rotating and !he shafl is above temperatura limits thal may resul! in bowing 
if il is allowed to come to rest (reference OEM recommendations). Additionally, for the case of two 100% 
capacity pumps, even wear between the two is ensured. 

Test !he standby auxiliary (back-up) lube oil pump al least quarlerly by lowering pressure lo its actua!ing 
sensor, verifying that il will start al the proper pressure and thal its oulpul is consisten! witli the manufacturer's 
specifications. lf a separáte emergency lube oil pump is provided, test it quarterly and prior to every startup. 
Corree! and verify by an additional test any deviations from manufacturer's set points. 

Record start and stop pressures of auxiliary and emergency lube oil pumps. 

Where gravily-type emergency lube-oil syslems are used, test !he tank low-level alarm al least quarterly. 

Lubricating, seal and control oil systems for dríven equipment are described in the data sheet fqr the 
respective equipment. 

2.1.2.5 Lube Oil System Management 

The function of lube oil in turbine reliability cannot be overemphasized. An effective monitoring program of 
a lube oil syslem condition must be in effect. /\n accept;:ibfe program is based on wriften documentation setting 
forth goals and requirements ltial are accepl;:ible to lhe manufacturer for the machine application, turbine 
history, and lhe risk. 

The basic elemenfs of a lube oil managemenl prograrn include bu_t are not limited to tt,e following: 

1. Purchase specificalions prepared by the planIs· engineering department. Such specilications to be
included wilh every purchase order for new oil.

C2005 Fadory Mutual lnsunmce Company. Ali rights 1'8SefVed. 
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2. To prevent contaminalion, oil slorage lo be in a clean, controlled environment.

3. Storage of oil 1n proper1y identified sealed containers.

4. Sampling of oíl prior to use lo ensure tha[ il is !he specilied oil and no! conlaminated.

5. Oil reservoir pre-closure inspection and sign-off to preven! debris from entering the oil system following
any maintenance work and following refill.

6. Leak testing ali liquid heat exchangers (oil coolers) lo ensure that water has not enlered the syslem.

7. Using a qualified lab, do an oil analysis two to four times annually, depending on operating conditions
and history. Addilionally, conduct an analysis prior to oulage planning lo obtain informalion pertinént to the
oulage.

8. lf oil is to be recycled on-site, specifications for the conditioner or centrifuga should specify the Ciil used,
the purity required and the contaminants lhat could reasonably be encountered.

2.1.2.6 Bearing Alignment 

Check lh& aligf w,i1811t of bearings of héavy-duty industrial gas turbines wilh lhose of lhéir dñven machines 
� extema1 inspection. lf afignment is made while lhe set is oold, use vafld estimates of pedestal 
temperatures at operaling oonditions to set cold offsets so 1hat the b8arings wiD be altgned perfeclty at 
� oondilions.. /t. hot afignment at steady--state �t..-e is a satisfacklfy atter,.amre if it can be 
aannplished readily. 

For heavy industrial engines alignment is dependen! on !he heat removal capability of !he lubricating oil 
because it not only lubricates the bearing but removes heal from !he pedeslals. 

2.1.2. 7 Performance Monitoring 

Ensure Ole insbumenlalion defined in Sedion C..2.2.. 1 are in place. and lhe madings recomed continuousty. 

Ensure a program of perfonnance monitoring, as descnl>ed in Section 2..2..2..5, is in effecl Al á minimum, 
appty lhe foftowmg schedule of activmes: 

MomforingAdMly Ñ'eqUf!llnCy 
Evatuata pressure d1'0p across lntet filler. Daffy 
Monltof heat rate, ou1pUt and pressum ratio: oa1y·

Monilol" blade-palh spead: Daly' 

Plot cornpteSSOf ópefa6ng poinls on compressor map for dffl"erent power seffings: Wee� 

•lf outpotdeaeases by 5%, ct.rt lle eot1,P.-essol" lhoroughly. lfclearñng lhe co,1�8S50rdoes not '9Sb1I hoiu� heal .-ida and �
nlio by at li.d 511),x, dht ntdudion, ilnsp8d 11'9 CDfflP'lilllSSOi bllacrf!'9 for 910S110n � bi1ir>Q by hanl �In"° c::ase should 1ha
�t.�"" d&lotr.ur• b)t mo,e llaA 1004 Wo!9 conedllft � is llilten.

••tt lhe operalng polnt Ofl a oomprg� map d9Yiat9s from lhe typical ope<alng niglme in lhe dlrecfion of slail,.ewaluaie � p&(fonnanca
of lhe gas turtm., lnduding iho ehds of cteaning, b possiblo <N8ffl8Ul ln no C8Sl8 should h. upe,aling paint be allowéd to l1'I0"8 lr1'o
h Sfllllg9 - laS l¡¡¡¡pi-iii'9d br 8 � aJIIICj)i&SSOII .,,aq,._

2.1.2.8 Protection against lnlet lcing 

In climates where icing of the inlet system m;:iy occur (below ambient temperatures of 40ºF, or 5ºC), make 
provision to preven! ice formation in the inlet system. 

Ensure inlet systems also have snow hoods shielding both !he main inlet and the blow-in doors. 

2. t .2.9 Water Treatment for Evaporative Coolers, Water lnjection for Power Augméntation and Compressor
Wash

Morito.- lhe quafity of the water usad in evaporative coolef's and foRow water quality standarm. reooc1•118Med 
by lhe gas turbine manufacturer. 
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2.1.2.. 1 O Treabnent d Water Used for NO., Control

Provide a treatment plant for water in;ected into the combustor for NO"' control. Adhere to the 
recommendations of lhe manufacturer of the gas tumine ror water puñty. 

2.2 Aerodeñvative Gas Turbines 

2.2. t Equpnent ami Processes 

Table 3 is a list of protective devices recommended for aeroderivative gas turbines: 

Alann »t, 
Flame detectcxs In combuslof's X(ln <:750 ms) 
O..s;>eed � (see Nole 1)- Gas-geneqlorrotor X 

��rdo(- X 
1 

Thennooouptes In lhn.rst-beamg pads (See Note 2) X 
(2"10-20<rF 

i 
X 

(2�5<rF 
98-10.'C) 11S-121·C) 

Hlgh exhaust temperature X X 
Elthaust temperature S{lmad (See Note 3) X 
L«Mlubeol� X X 
Vlbration lnstrumenlaUon Instalad on casing X X 
Pressure dltferentlal across lnlet filler X 
HQhlubeolheada-� X X 
Redundan! fuef shutoff vatves (Gaseous and liqufd fuel, wfth 
automatlc venttng In gaseous fuef. and draln In lquld fuef systems) 
Automatic �In� casing� fue') 
Chfp detedor tn tube-oil sys1em 

Note 1: Gas turblne overspeed lrip syslem clesign Incorporales electronic 2 out of 2 or 2 out of 3 voting logfc. One sel is provided for each 
sha(I (including gas generalor, power turbina as applicable). 

These syslems are proven in service wilh lhose incorporaling elec1ronic 2 out o( 3 vo�ng logic having higher reUabilily and, basad on design 
logic, providing less chance for f alse lrips. lndependenl govemor conlrol/emergency trip circuitry is preferred. 

� 2: �-- SJO'IWbbir-.s 'Wlh sffidírG �

Note 3: Onty ¡., ,,_ ..,odelfnhe óas 1urtlines havmg mulliple � constndon. The rocom.naitdafion $ lntandud lo help 
prevenl hlg� fatigue of Ublne blades as a resuN of blade vibnllon ellCiléd by m--. � hl oldw unlls (having 
� �) h1Ne $IJllídar4. hlslixy lo allaw 1ha CXJl\dusion tt>al thls nilde c1 failuna ls Id a� hmmd. Th- Is no 
llois.s. -.,.,._ Ir> 1800fl1111...S 9Wls � il> wodalMIIHe Ullills ..._ anrQ\af � ' 1 

«:>2005 Fadory �I lnsurance Company. Ali righls reserved. 
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2.2.2.1 Maintenance Testing 

Table 4 shows recunmend9d testing schedUfflS for aeroderivati"9S. 

Recommendafiom: Ñ'equency 
VIMation moinil1'11G 

lnstaned lnshunentation, visual readlngs Oalty 
lnstalled lnstrumentation, log readtngs Weekty 
Ha&held�.talteandlogteadtngs We.ly 

Acruatton of auxllary lube pump Weeldy ' 
e� of lub&-ol meta1 chtp detector Weeldy 
Simulaled CM!lllspeed km (ell'81dse of sys1am �} (See Note 1.) �6months 
Overs&:>eed te.-r>ower bnbfnes drivtng generators (See Note 2.) Annuarry 
Callbt'atlon of protedtve lnsbumentatlon (See Table 3.) Annualty 1 

MClh 1: Gas� -..t,o,,ijc t'IOl!*d systams ..._ siiml.w.d -� 11., MdioM in .tfich h _.,. bdio!Oi,,g d h �� 
,esqRIII.._ s'qMII 1,-.a,üslo,.., and_,g.,tq ..,._,.,. am1!0!ca11 it. las1led m •9S4)0!-ll> a� -s,¡.wd si1i,nal. TI>a 19st ca\ 
ti. conduded wtnlé lhe unit is on rme, wi1hout actual OYtKS�- Suc:h simulated tests an. salisfactoy, provided t,ey are acoompanted 
by an adual shuldown d lhe machlne using the em9f991 'tC"'/ lñp fundan. 
..... 2:: """'1iJla � � CUli1$11GSSOtS m&)' be dlfic:u'I lo o.e,Sip&&Cl, Iros is fd lnJa of ft-. llrrbinus dmmg g.otte,abs. F'M Globalf 
11,as_.�Sftld'lwn....www,s,¡.wdlvss..•a�gu,...,dtu, b511!1sbad. bttr-turrbmewll!o.e,.-,l�wlltolula�IIIII&� 
orawodynamtc drag, and 1he confrol systom mus( effoct a shutdown reliabfy and rap;d!y. Test fuel valv.,s should be tested far leak lighlness. 
During lesling, manually oontrol fuel flow to avoid a runaway lurbine. 
Perform functional tesis o( !he overspeed lrip systems annually. Perform tesis al less lhan ralee! speed usihg signal generalors 1� verify 
inlegrily. 

2.2.2.2 lnspection of Aeroderivalive Gas Turbinas 

The inspection intervals recommended in this section are generally typical of induslry praclice. lnlervals 
recommended by manufacturers may differ and sorne manufaclurers gio by equivaf'ent hours; others by a 
cornbination of hours and starts, manufacturers recommendations take precedence unless there are specific 
reasons to recommend otherwise. 

In addilion to fuel type, the type of a starl (lime)-, trips of fu�I load, and power augmenialion are faclors lhat 
well accelerate lite cycle utilization and more frequent inspections on a calendar basis. Sorne manuracturers 
go by equivalent tiours; a thus by a combinalion of hours and starls. 

Following ar& recommendations for inspections of aeroderivative gas luroines. 

2.2.2.2. f &femát Ínspedion 

Bese-L.o&ded unis (Approx. 1 sf8rt of 5-10 hr fJ6' dt,yJ 

1 

Peaklng Unils 

¡ r.-----------�--hr.::.._::_'-'-"..:, __ -'t---------'-..!..!....---2000--hr-----''-----"�-------! 

Mlnimum Scope of Wortt: 

lnspe,ciion of conb.lstor or oombustor baskels (or cans) and lransition pieces for dis�. cracking or 
unusual disoololation. 

lnspection of fuel nozztes for erosion and obstruction, igniters for proper functioning and intact wiring, and 
flame delectofS for tens conditioo, soundness or wiring, and specified response.

lnspection for freedom of opemtion and leak testing of gas valves, fuel ol vatves, dual-fuel ched( valves. 

lnspection of fuel manifold drain valvas and combustion casing drain vatve for freedom of operation. 

lnspection of first-stage bJfbme nozzle vanas as far as is possible from ihe oombustor side; inspection of 
turbine blades, turbine nozzle vanes, and outer tip seats as fat as posstble using a �scope. 

l lnspeclion of inlet, induding operation of anfi-icing equipmenl

C2005 Factory Mutual lnsurance Company. Ali righls r9SefVed. 
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lnspédion of � hamess, lubes fo..- pmssure SMSIOfS, ánd vbalÍon insbúméntation fuf- ctádced 
or broken le8ds and olher possible damage. 

lnspection of exhaust duct for warping. craddng, evidence ot ovemeating. as wel as fot sm.wldness1of lhé 
seals. 

2.2.2.2.2 Hot Secfion lnspection

Peaking Units 

Fue/ Bas&-t.osd9d Unlts (Approx. 1 sf8rt of 5-10 hrslday; 

Na\urall gas:: 25,000 hr 200 starts unlass manufadurer has astablshed a� lmit. 

Dlsflltate: 18,000 hr fTotal houts not lo exceed lrnlls for b:asé--loaded mwis). 

Manufatb.wefs may llave eslabl"ished smaner intervals for hot-seclion inspections in lhe cáse of sorne models.. 
These smaler inlervals should take precedence mer the eboYe. 

Mlrilmum Scope of Worlt.: 

Rer'nóvál cA gas generalof from lhe gas turbina aldosum; unbolling d hot� subassembttes for acxess 
to high-pressure and low-pressure turbines. 

lnspection. induding nondestrucive examination (NOE) lo whateYef- extenl possible. of rotating blades tot 
oorrosion and erosior-. impact damage. wld lhennal-fafigue rmdcing. 

Removal of nozzle diaphragm sections fof NOE. Thermaf cracking andlor bowmg may be tound in the nozzJe. 
� as ilusbaled � Fwgures 2 and 3. Manufactur8fs llave standards tor ádion lo be implemenled in 
connectiori wilh suc:h a-acldng, ranging from no action lo weld repair, to replaoemenl, depenárng on lhe 
locátions, lengths and deplhs of the cracks. 

;· 

� 
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BOff 

NDE of b.wbine disks in blade attachment slots and at bo1t holes and disk bores t'or cracks and OOO'OSKJfl lo 
whaíever ex1ent possible. 

Refurbishment of parts as in<ficated. blencfing of nicks. dents and sman thermal cradcs in rotor btades, 
1 bAen<ing and weld nipair- of nicks and ihennal cnds in nozzle v8nes,, and deaning of CIOOÍIOQ �-

1 Meásurement of axial clearan<:es between stationary nozzle ciáphragms ánd rotating wheéls, belw&én blade 
1 tips and shrou�. ánd of labyrinlh sea.Is; � wilh manufaduter's � artd corrc>arison with 
IJJ'&WlUS� 

1 Additional woric as recommended in manufácturer's inspection prócedures. 

, 2.2.2.2.3 Ovelhaul (1nduding Complele Overhaut of liigh-f>r9$sur& and t� �. and 
1 ot the Power Turbine) 

1 Recommendation 

Bastt-l.oad!td Unls Peaking Ur-.s 

0n condffion (based on perfonnanoe end Manufacturer's recommendefion for comprnssor dlslt tnspecfion for low-
vlbration monloringY cycle fatigue aacldl,g. : 

··For base-loaded units firing natural gas, this inlerval may be as much as 50,000 hrs. 

IThe only mejor components that woufd be revealed � inspection in an overhaut, in contrast with a hot-sectioo 
1inspection, are the compressor rotors and stators. and the POW8f lu'bine. The oondition of fle com(lféSS<>Nl 
,can be continoaly dl8C:ked by monitoñng pertormance of lhe gas 11.nbine as � in Sediofl 
l2.1.2.5. The mejor hazard in power turbines is low-cyde fatigue as a resurt of an exoessive number of sfarts. 
lThis is a hazard primaril'y in peaking units. The manufadurer shoukt be ásked for a cydic iimit tor power 

1
1lurbwles in� ums; lhe condition of rolmg-element beañngs (whkh may be� 'Wi1hout a ma;or 
leardown) can be assessed at fmquent intefvals by vibration monitoring and inspection óf lhe lubé-oi1 metal 

. elector. These bearings shoutd be dlanged out in accordance with the life 1imits establisfied by the bearing
manufad:urer. 

. . 

C2005 Fadory Mu1ual lnsuranco Company. Ali lights 1'9S8N8d. 
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2.2.2..3 Vbation Monlomg (Aeroderiva&ve Gas Tummes) 

Vibration instrumentation is instalad on lhe easings of aéroderivative gas generators ánd sorne power 
lufblnes,. ralher thán dired:ty on lhe �- Wh8re siding b&alit,g� 8f8 used in � lutbinés, lhe 
insbumenlation shólJld be �iád on the beárings. 

Where fixed v,bralion instrumenbilion is in place. a visuál check of lhe vibration réading at each inslrument 
locálion should be made at 1-st daity ánd bgged weetdy. 

The vibralion monbing procedure described in Data S1l99i 11'-t. Moniforing and Diagnosis of VlJralion in 
Rotating Machinery. shoukt be in effecl Datá Shéet 17-4 prov,des guktance t'or magnosis of v,oration 
chauges in gas tumines.. bearing '\fba\ioi, � u.,p,� The table pt'8S«lls lhe mosl likely causes of a 
9MW' � .Id suggests lhe most éfficient approact.es for inYesligation. the fdlowing � are 
covered by the aiagnostic me1hods in thé tablé: 

lna-ease in tri>alance cilused by fradure of a rotor part. 
Bowed ar bent shaft 
Disks loase oo sháft 
Pedestal looseness. including faulty foundation. 
� aacks in shaft 
Buitdup of hatd deposits in splined coupfmg. 
Géarbox darnag&. 
Boildop of deposi1s on � ar bJfbme blades. 
Roliing-elernenl beal1n9 damage. 1 
Vibration signaturas are needed to establish a baseline for moniloring and lrending equipment performance. 
Establísh new signalures any time an overhaul is performed, and more frequenUy if adjuslments lo alignmenl 
or balancing are made. 

Calibrate all monitoring equipmenl al least annually. A check against a calibraled hand held porlable monitor 
is salisfactory. 

The gas generator for aeroderivalive gas turbinas have ball or rolfmg-element bearings. Monitor changes 
in high-frequency vt'bration tttat might indicale deterioration of lhe rolfmg elemeots by weeldy anatysis of lh& 

· W>riJtion sigflal lo detect WJralion inc.reases at � or hall �� fn4tency (app,oximalety on&-halt times
1 rpm x number of rolfmg elements).

: 2.2.2.4 Lube Oil Systems 

1Aeroderivalive combination turbines nonnally include ball or roller bearings. The lube oil supply purnp and 
! scavenge pump are driven from !he accessory gear box for the engine. T he scavenge pumps· remove oil from
1 the bearing sumps and deliver it to an externa! reservoir, filler and cooling systems. Becaúsé of the bearing
1design, lube oil supply is not required lo the engine during start-up and shuldown. Pressure and temperatura
!Switches are provided to alann and/or trip if threshold limits for critica! parameters are exceéded.

The critica! bearings are !hose of the driven equipment which are normally Babbilted ¡ournal bearings. Lube
:oil systems for lhese are described in !he respective driven equipment data sheet.

;2.2.2.5 Lube Oil Syslem Management

IThe function of lube oil in turbihe reliability a:1nnot be overemphasized. An etrective monitoring program of
:a lube oil syslem condilion must be in effect. /\n acceptable program is based on written documentation setting
forth goals and requirements thal are acceptable to !he manufacturer for the rnachine applicalion, turbine

1 

hislory, and the risk.

IThe basic elements of a lube oil man;igement prograrn include but are not limited lo !he following:

1. Purchase specifications prepared by the plants' engineering departrnent. Such specifications lo be
included with every purchase arder for new oil.

2. To preven! contamination, oil storage lo be in a clean, controlled environment.

•3. Storage of oil in properly idenlified sealed containers.

4. Sampling of oíl prior lo use to ensure thal it is the specified oil and not conlamjnaled.

C2005 Flld>fy Muhlal lnsonmce Company. Al1 rights 1"8SGN8d. 
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5. Oil reservoir pre--ctosure inspection and sign,-off to preven! debris from entering the oil. system following
any maintenance work and following refill.

6. Leak testing all liquid heat exchangers (oil coolers) to ensure that water has not entered the system.

7. Using a qualified lab, do an oil analysis two to four times annually; depending on operatfng conditions
and history. Addilionally, conduct an analysis prior to outage planning to obtain information pertinent to the
outage.

8. lf oil is to be recycled on-site, specifications for the conditioner or centrifuge should specify the oii used,
the purity required and the contaminants lhat could reasonably be encountered.

2..2..2..6 Beeri.-g Aigf Niteol 

Check the alignrMnt of beanngs of the poW8r turbinés of aeroderivative gas tomines with !hose of théir driven 
machines. lf ali.gnmeot is máde while the set is cotd. use vafid estimatas of pedestal temperaturas at 
opé(aq oooditions to set oold offsels so lhal h bearings will be álign8d petredly ál �te oondioons.
A hot erignmeot at steedy-stalé tempéfátures is á sattsractory aftemative it it can be accomplished readify. 

22..2..7 P&tbnalce Moniblng (Aeroderivative Gas lurbines) 

Ensure the lnstrumenlation défined in Section C.3.2 aré in place. ánd the readirígs recordad cóntinuously. 
In dual-rotor a�. Sénse pressure ánd température at Sta. 2.s (between the fow..pressure end 
� �s) and contimously i'ecixd on er1Qine � logs. 

Ensure a progran'i of pérfomlanat mohitoring, as desttibed in Seclion C.2.1, is in eifecl AJ. a minimum, 
lmptement thé tottowirtg schédute ot admties: 

MomforingAdMly Ftequéncy 
Evaluate press1n drop aaoss lnlet ._ Dally 
Nonlm- Mal .... � and pressúfe tallo Dl!My .. 
Monikll'bale palhspread fM-9 applcabla) Daly 
Plot compressor Ol)erating polnb on low-presstn and Ngh-pressm-e compn1ssor maps for 
dlhtQnt po'Mlt setlings Weeitly4 

"ti�daawbf Wdlianh�� ·� h.c.om¡p,w diles mi 119SÍD1ethe ou1pll, t-*niiitand ..-­
ratio by al least 50% of the rwdudion, insped h comfM9SSOt blacfmg far erosion IWld/or fouling by hánt deposits. Do not ellow tM 
pedormance t> � by fflC1111 lhan 10% bab9 C0ffltdi"9 ad"m is taken. 
""ltht �"19 poillC on. UJi,.¡,,w .. -. dafoñalus "'1m lhe � ope,aliug ..,._ in a. cliiredm at .._ � .,_ � 
de,,. gas: ...... il!dldlr,g e.� of � for passib"e -'-1l. (Sae Sadi(,n ll.1.2.-4.) DI> rdallolrh. ,ap&taiit� poinl lo ffltJW9 

fntó ttie surge - as nip-M by á manufacfur,tr"s cornp.esso. ,Tiap. _,· 

2..2..2..8 Proledion � lnlel lcing 

lrt climates wheré iting of the inlet system may occur (bek>w 8mbient temperaturas óf 40ºF or 5ºC), make 
provisioos to prevent icé furmation in the infét system. There are nU\"08fOUS ap(:>roadles to providing such 
pro(edion_ 
Ensure lnlét systéms aiso háve snow hoods shietdmg both � maln inJet and the blow-fn doors.. 

22..2..9 Wáter l'réaimetit fot �vaporatiye Coo1érs

Follow gas turbine manufacturers recommendations for water quality to be used in evaporative c�lers. 

22..2..1 O t� of WwM- USéd ta- NO
,. 

Control 

Provide a treetment planl for water niected into lhe combustor for NO
,. 

control, Adhere to the 
recommendations of lhe manufacturer ot the gas tumine for water purily. wilh a maximum of 1 ppm sodium 
or� 

2.3 Alerts 

Original equipment manufacturers (OEM) issue technical alerts when design or operating problems occur 
which differ from expectalions. Alerts are specific to engine model numbers, version, and in sorne cases, 
inspection interval and hours/slarls. 
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The technical risk urgency may very from one requiring immediate shutdown to inspect at next opportunity, 
etc. 

Clients are requested to keep FM Global advised of the implementalion plans for ali active alerts issued to 
them that affect thé gas turbines and any associated system loss prevention. 

3.0 SUPPORT FOR RECOMMENOATIONS 

3.1 Loss Prevention lssues· in Gas Turbines 

Major manufacturers are continuing to enhance designs to increase capacity. This generally means increased 
compression ratio, increased mass flow, increased firing temperature or a combination of !hose parameters. 
Manufacturers are afso changing materials of construction, particularly in the hot gas path (Combustion and 
Turbine sections) of the engines to increase componen! life cyde. 

4.0 REFERENCES 

Data Sheet 5-12, Efectric AC Generators

Data Sheet 5-23, Emergency and Standby Power Systems. 

Data Sheet 7-79 Ffre Prolection for Gas Turbines.

Dala Sheet 13-17,. Gas Turbines ..

Data Sheet 1t-;, Nondestrucfivé &ammátion. 

Dala Sheét 11-4. Motlllofing and Diagnosis ot- WJration in� Machiné,y. 

APPENDIX A GLOSSARY OF TERMS 

� Gá$ Ttdline: as lh8 namé impfies. aerodeñvafive gas lumines are démed from amiait jet 
or fwljel er1Q1nes.. The fifst woderiYatives were inslaned about 1960. They we, used as gas cón'ipmsso.­
drivés in gas pipétines, where inéxpensMt náhnl gas was availablé as á fuel. They were alsó USéd as 
peialting unils in electric generaling plants bécause lhéy llave low efficiency and fuel was relativety expensive. 
More reoanty � a.e usad in continuous duty in <X>inbi,red-cyde plants in utiities and in oogenera6ori planls. 

H&évy-Duty Industrial Gás Turbr1é: 1M category of héavy-<tuty industrial gas tumme áppfies to any gas 
lufbtne mánufat:hmki solely for use in industry have. substantial mass for long life expéctancy. a!; distinct 
from � QáS lufbines. whid1 *9 démred fróm aittritt eng� d � ainslrudion. 

APPENDIX B í:>OCUMENt REVISiON HISTORY 

January 2005. Ttie. following changas were done for lhis revision: 

1. Section 2.1.2.1, Maintenance Testing. Overspeed revised from actual to simulated at less than rated speed.

2. Section 2.1.2.6. Revised to be consistent with 2.2.2.6. Actuation of back-up lube oil pump quarteriy versus
weekly. Quarterty is adequate for verificalion of functionality. Toe emergency pump provides further back-up.

May 2003. Mlnor éditoriat changéS weré doné for this nMS1'00� 

January 2001. This Nt'fflion of lhe dówment was reotgwtized to provide a oonsistent bmat. 
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1.0 SCOPE 

This data sheet provides efecbical protection recommendations for the prevention of losses in power and 
distribution transfonners. lt also provides fire protection recommendations for power-. disln1>ution, are fumace 
and inwdion fl.wnace lralsfonners. Loss experience and last infonnation is provided as support for lhese 
recommendations. 

1.1 Changes 

January 2005. The following changes were done for this revision: 

1. Section 2.2 lndoor Transformers, recommendations 2.2.1.2.2 & 2.2.1.3.2.2. A prolection alternate to CO-2
of an FM Approved gaseous agent protection system or a water mis! system FM Approved far machinery
spaces is recommended. Also, where automatic sprinkler protection is used, the density has been increased
to 0.3 gpm/ff (15 mrn/min) from 0.2 gpm/ft2 (10 mm/min).

2. Section 2.3 Outdoor Transformer, recommendation 2.3.1.2.3 far open pit containment system. Where auto­
matic sprinkler prolection is used, the sprinkler density has been increased to 0.3 gpm/ft2 (15 mm/min) from
0.15 gpm/ft2 (6 mm/min). Where a name arrestar is used lo increase the amount of time befare buming oil
enters the pit Size No 5 ralher !han Size No 2 ASTM 0448 Standard Classificalion far Sizes of Aggregate far
Road and Bridge Construction should be used. Size No 5 is closer to the 1.5 in (3.8 cm) washed ami uni­
formly sized rock tested al !he FM Global Research Campus.

3. Section 3.1. 1, Approved and Equivaleni Transformer. A transformer equivalen! to an FM Approved trans­
former is defined as a transformer with a UL listing per NEC Section 450-23 with electrical protection to clear
sustained low curren! faults. The reference to NEC 450-23 was left out of the previous edition. Transform­
ers complying with NEC 450-23 include four of the five safeguards requested far an FM Approved trans­
former. Low current fault protection is the remaining s;:ifeguard.

1.2 Supec-seded .eb,,.ation 

This data sheet supersedes the January 1997 ecfition with revisions of September 1998. 

2.0 LOSS PREVENTION RECOMMENDATIONS 

Conventional power ancl distribution transformers are reliable devices having low electrical failure ratas. lf 
the transformElf" is FM Approvad (see Appendix A for definmon). or equivalent, which invotves the use of a less 
ftanrnable insulating ftqlñd and eledrical and mechancal prolectioo, and is nota network,, are fumace, induc­
tion fumace or generalor step-up transformer, lhe failure frequency is considered Jow enough lo be accepf­
able without fire protoction. For other transfonner types, there are the polentials fof" either an interna! or an 
extemal eledrical fa\.fl which resufts in o� of lhe transformef-. lf incrnase in � is rapid the 
pressure mlief device may not be adequate to pmvenl lank fallure of 1he transíormer. Tank fallure may release 
substantial quantities of insutating liquid. tf fue occurs, the resutting property damage d�s on the amount 
and lype of � and � buil<ings or oltler" equipment are 8llpOS8d. 

2.1 Electrical Protection 

2. f. f EJedric:a/
1 

2.1.1.1 Each transformer, depending on its criticality, and whether it presents a fue exposure, shou!d have 
a protectioo system as determinad by an accurale engineeñng study. nñs prolection system should be func­
tionally equivalent to lhe protedion iluslrated in Figures 1a lhrough 1e. Table 1 S(.fflmarizes the various 
devices availabfe for lhe elecbicaf protection of lransformers. 
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Numb&r Oev#ce Name Devlce Oescrt,6on 
FUSE E)qJulsion-type. PnNides protection b boUI inllefnal and elltemal fauls. Clff9f'lt Wmi6ng t:ype_ 

Prowles lntemal faul: protedion and limitation d fault current 1uv•. 
24 Volts per Hertt mlay. A relay that functicms when the ratio of voltage lo fmquency exoeeds a pmset 

'laUe. Used on una conne<:led transmrme=. 
26 Thermallde'lrioa. A devtoe lhat functions --- the transfonner llquid temperabne � a 

pradetermlned value. {Oltier than the transfonner wlndlng temperature as 
covemdby devtce49) 

� Thermallrelay. A. relay lhat funciioos when the bw1sfunn« � tem� « oUlef k>ad 
C3ff)'ing 8'ement exceeds a p,edetennined vatue. 

50G 1 Zero sequeoce A. relay thal functions instantaneously when the ground fauft cummt exceeds a 
11.stMU..eous ground pnidetefmined value. Use --- time cooroinafion is not mquhd. Dev1oo 50G Is 
�trelay. COl•leded to a toroidal CT. Oevice SOG provides QfO'WI faul: protedion for lhe 

transmrmer wye wincHng and through fauls. 
SOG02 Zero sequence /\ relay 1hat. funcllons lnstantaneously whe(lo the ground fault CUtTent QXceeds a 

�ground �ined value. Dmrioe SOGO is connec.ted to a toroidal CT on lhe della 
overcummt retay. wlnding condudors. Device SOGD provldes ground fauR protecflon for tfle 

transformer delta winding and lhe transfonner leads between the wtndlog and the 
loroütl CT. 

SON' tnslanhlneous ground A retay 1hat funciions lnstantimeousty when lhe ground fault current exceeds a 
overcurrent relay. prndetermined valUe. Tlle relay Is connected lo lhe tral .sfo.me{- neutral Devlce 

SON Pffl"ides ground hlull protedion b lhe baisfom,e,r � 1li1lndlng and ttwough 
faults. The relay Is set b elher � magnaude � faul:s b- use wÍlh S1N. 
or sensfflvely to be used alone when time coorolnation Is not requlred. 

50ND2 lnstantaneous ground A. relay lhat functions lnstantaneously when the ground fault cummt exceeds a 
owen:un-ent nilay. pn!delemlined VMJe. Tll& telay Is residualy conneded In the CT secondafY on 

the delta wind'lng conductors. Device 50NO pruvides high magnftude ground fault 
protection for lhe transformer delta wtnd"ing and the transfonner leads between 
lhe winding and lhe CT. 

50NY1 lnstantaneous ground A ni&ay lhat fundions instanlaneousty when lhe ground faul: Cffl'Tent � a 
overcurrent relay. predetennlned value. Tlle relay is residualty conneded In the CT seoondary on 

thQ wye w\'lding � Oew:e 50NY provides ground faul. proledioo fof 
prim8fy wye wlndings., hade fed sooondary windings and lhrough faufts oa;umng 
downstreal'l'.I of the secondary wye winding. lt is set for effl'ier high magnitude 
ground faufts for use wfth 51NY. or sensfflvely to be used alone when time 
coordnation Is not required. 

50TF lnstanlaneous phase A. relay lhat funciions lnstantaneousty on an excesstve va'°8 of cmrent. Pm-ñdf!S 
0V8fCUffl!Ot relay. protection for lransformer lntemal faulls.

SU�' A.C time ground A relay lhat iundions when lhe ground fauR oment eltOl!eds a �� 
�trelay. value b a gM!f'I time. 11\e onent and operating time are lrl"8tsely ptop()f1ional. 

The relay Is conneded in the transformer neutra(_ Oevlce sfN provldes ground 
fault prolectk>n for the transfonner wye wlndlng and lhrougl\ faults oocuning 
� ffl the seoondaty wye wirdng. 

51NOZ AC time gruund A refay that funclions when the ground fauft current exceeds a predetermlned 
overcun-eot relay. value for a gtven time. Tlle current and operating time are ln"8rsely propoftional. 

The n!lay is residuaay connected in lhe CT seco11d1111;. Device S1NO provides 
ground fault protection for the transfonner deka Wlding and lhe ""8nsbmer 
leads between the wlnding and the CT. 

su-.v 1 A.C time ground A nimy lhat fundions when the ground fault cunent � a �lned 
�trelay. value b a gÑ8n time. The Clrnlnt and operaling lime are in"'9f'S8ly propor11onal. 

The relay Is reslduaRy connected In lhe CT socondafY. Oevk:e 51 NY provldes 
ground fautt protection for pm118')' wye windlngs. baci( fed secondary wye 
wiudlngs. and lhrough fauh oowrñng downslmam of lhe secondafY wye 
windlng. 

51TF AC time ove«:Urrent A relay 1hat functions when the ac Input cummt exceeds a predetermlned vak.Je. 
relay. The Input OUftent and ope,1atil,g lsne are lmrer.;,ely propoftional. Provldes 

transfonner lhrough fau1t and badup prolection. 
51TL AC time overcurrent A relay lhat functions when thé ac Input current exceeds a predetennine<I vak.Je_ 

relay. The input cmmnt and operattng tkne arn lnvecsely propofflonal. Provides 
transformar oveltoad ptdection. 

e2005 Fadory �l lnsurance Company. Nl rights rese!V9d. 
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Dev#ce 
Numbe.r Oelrica Name Oevice Oesaiption 

63 � � � A swflct'I or telay � opera'8s on !JM!1n values. or on a !1ffl!"I rate m changa o1f 
relay. pressurn. 

67N3 AC dfrnctional neutral A relay lhat functions on a deslrnd value of ground fauft CtXrent In a 
� nilay. �lned diredion. Pnmdes ground ta• pi(ÁQ(.tiun m lhe lnlnsfonnef wye 

wtndtng for onfy lntemal faufts. 
71 Llquld leve! gauge. MeastR'es the level of lnsutattng 1iquid In the transformef tanlt.. 

87T � dffietenti8I A relay lhat fundiolls on a peroenlagQ dlffet'ence of lhe p.imaty and seoondMy 
relaly. � 0.lffl!flts. Prowles faul � b the transfonner fot orq ln\9� ta.Jlts. 

87TN3 Transfonner ground A relay 1hat functions on a pmdetennlned dlffereoce between neutral and phase 
� nilay. � cunents far a tnl,� ground fault. � ground 1aull. p,otedlo,, 

o'f lhe bansformM wye ffll'ldng b onty intemal fauls. 

Not9s: 
1. [)e,vlces 50G. 50N/51N, and 50NYl51NY are aftematives. 

2.. o.,.i,oa SOGO iis an 4'e,,,,iM-iff! to 50N01SU�O.
3.. DIHiclt 61N iis - �ift ID IJq'ffl_ 

2.1. 1.2 Provide ground fault protection on both sides of the transfomlef at each vottage level in a facllity. 
Each vottage lewl has its own muque system ground and, therefom. must have its own ground fault protec­
tion system wilh appropiiale lripping andfor alann. Pro-.ride system ground fa._.t proledion io a<xXXdanoo 
wilh lhe recommendalions in Data Sheet 5-10, Prolecfive Grouná,ng for Bectric PowerSysfems and Equ;p­
ment. Oepending upon the type of system grounding, lhese devices shoutd tñp lhe upstream (high sida} 
bmaker if pr<Mded °'" alann ata constanUy attended location (e.g .• F19. 1a). Tha alarrn should be lfeated
as a fire event and respor tded lo appropriately. An alarm response procedure shoukl be devek:Jpód and 
posted. Toe Plant Emefgency Organization should indude bolh fire and eledrycal personnel capable of 
� lhe equipment. lf de eue.giz:ation can not be accomptished in a timely manner. lhen a high 
side break.e,- must be inslaled and tripped (e.g., Ftg. 1b). 

2.1.1.3 An ere monitoring system ABB Are Guard System or FM Approved equivalenl should be provided 
lo detect arcing faults in transfo� vaults with exposed energized componen.ts. This addmooal protection 
sh<dd be prOlrided whefe lle ground fault relay can,ot be set low enough lo delect ground tault rurrent 
due lo neutral imbalance currenl flow. These devices, in conjunction with lhe ground fault prolection in Sec-­
tion 2.1.1.2, shoufd trip the upstream (high side} breaker if provided or atann at a oonstantfy at1ended loca­
tion. The alann should be lreated as a fire evant and responded to appropñalely. M alarm f9SPOOS8 
procedur& shoutd be devefoped and posted. Toe Plant Emergency Organization should indude bolh fire and 
&lectrical personnel capable of de-energizing the equipment. tf d&-energization cannot be acxx>mpllshed in 
a timely na•.er. lhen a h9' side brnak:er must be inslalled and lñpped (e.g .• FIQ. 1b). 

F'igure 1 a Is for an transforrners rated 1000 to 10000 kVA wilh primary fusas. The tabla in Figure 1 a shows 
the recommended protective devices for dry--tyi>e transformers, and 1000- lo 500().kVA an<:15000- to 10000-
kVI\ iql.lid insulaled bm ISfot1118tS.. The table also shows lhe ad:ion (l-lna.cation, A--1\iarm. oi T-Trip) of lhe 
protective device for the three categories of transformef"s. Figure 1a also appíies to transrormers rated less 
then 1000 kVA when the transformar creatas a fire exposure. Altemative protective devices are shown in 
F�1e. 

Figure 1b is for all transfomlers rated 1000 to 10000 kVA with primary circuit breal<ers. The table in Figure 1b 
provides the sama infomlation as descnl>ed for Figure 1a. Rgure 1b also appí,es lo transformers rated less 
lhan 1000 kVA ""'1en lhe tra, asfocme.- aeates a fire elepOSUf9. Altemative prolective devices are shown in 
Figure 1e. 

� 1c is for lrausformers ra\ed 10,000 kVA and above. Nlemative proledive devices are shown io 
F�1e. 

Figure 1d is e typical relay diagram for a dual suppty and dual transformar configuration (secondary selective 
sysl8m). 

Figure 1e shows al of lhe proledi"8 de'llices descn"bed. Other schemes are avatl� that provide equivaloot 
protection and reliability. The protection for ungrounded and high resistance grounded systems is not rovered 
by Figums 1a ttwough 1e. Appropria\e ground fautt pro'9dion shodd be provided. 

C2005 Factory Mutual lnsurance Company. Al1 right;; reserved, 
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Devfce 
No. 

26 

49 

51N1

51TL 

63 

71 

N� 

� 

Uquid lhennal 
devlce 
Wllldil,g � 

daw:ia 

Time delay 
OVQfCUl'n!nt relay_ 
(Gwoundfaul: 
protectfol, or 
transfonner wye 
'trindlng and 
lhroQgh faults..) 
T1me delay 
�relaJ-
� 
overioad prolection) 
Sudden pressum 
.., 

Uqufd level Device 

� �IOlllfor., T-� 

Uqufd 
Dry (MVA} 

1-5 5-10 

1 1 

• 1 

T T T 

T T T 

T 

1 1 

1. De,o,icll!JS 5IOG.. 51JH?S1N. 510HYl51NY. 6m and 87™ -
a�IM!os. (See F-.g 1E.) 

l 

--

Ag. 1A. Eletfricaf profedit:Yrt omt-lJne. Primmy luse. 
1000- to 10000-kVA tmnsfonners. 

6 

�

Less ttum 1000 kVA when trarrsformer crnstes f#m e.irposum. 

2.. 1.2 Ope,afion and Maintenance 

0, 
0 

0 
0¡ 

2.1.2. 1 Transformers shoutd be installed, operated and maintained in accordance with manufacturers' 
recommendations. 

2.1.2..2 When a ba� is delivered empty of liquid. lhe manufacturer's inslructions must be slñdly 
followed in regard lo drymg and f,quid-filling procedures. 

2.1.2.3 Before commissioning, lransfonners shoufd be inspected and tested in 8CCOf'dance wtth manufaclur­
ws· instrudions.. Oiolectric characleristics of the msulation me<ia (win<ltig insulation. insulating liquid. bush­
ings, tap changer 011) should be measured and recomed to estabrish bench marks for futura reference. Refer 
to Data Sheet 5-20, Elbdrica/ Testing. Til8 transrormer shoutd be energizad if it is to be stornd for a lengthy 
period. 

C,2005 Fadofy Mut.Jal lnsurance Company. Ali rights 1'8S8fV9d. 
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Devfce 
l.iquid

No.. 
Descr#pt#on Dry (MVA) 

f-5 5-fO 
26 Uquld lhennal ' ' 

devlce. 
49 WindinghKmal ' ' 

dew:e. 

50N02 lnstantaneous T T T 

ground cwen:urrent 
tellly.. (tligh 
magnftude ground 
fault protactlon of 
translíonnet deb 
wtndlng and leads.) 

50TF lnstantaneous T T T 

� Nllay. 
(1-IW-magrlhde 
transformer lntamal 
phase fautt 
po\ec.mt..) 

51N� l1me delay T T T 
<MM"CUmmt retay. 
(Groundf;Mllt 
patedtoo of 
transfonner wye 
wlndlng and 
Ulrougt\ faub..) 

51N02 Thne delay ground T T T 
OV9f'CUff9nt relay. 
(Ground fault 
J)'alecticMt of 
transformer delta 
'W1ndlng aro 1ea<n.) 

511TF lime delay T T T 
oven:ummt relay. 
(Ptlase through 
... poledion..) 

5H1. l'lmedetay T T T 
overcun-ent relay. 
(lram.1<11 Htef 
C'Nel'load�) 

63 Sudden preSSUfe T 

Nllay 
n Uquld kNel dew;;e ' ' 

� 

� 1-41id"allio!\, T--nt, 
1. 0-,.Q!lS 510G, 5(JK?51N, �.tSlNY, 67N and 87m - alllumatlwes- (See F,g 1E.) 
2. Devlca 5000 Is an al\ema1lve to 50NOl51ND. (See Ag 1E.)

Rg. 18. ElfH;frlr;el protr,dmn flll'>tHn9. Prlmary btealce,-. 
1000- lo 10000-kVA transformers outdoors. 

less then 1000 le.VA when transforme,- crnat9s lke exposura. 

5-4

Pagé 7

G 
0 

0 
0 

2.1.2.4 lmmediately after commissioning and periodically for severa! days, the transformar should be 
lnspected thoroughly for indica.tioos of overheating, oil leaks, vtbration or matfunction. Proper operation and 
cafibfa6on of ead\ naffl'Jf111Q and proiedve dENioo shoukl be "8fified. �-oil analysis shoukl 
be performed wilhin 18 to 24 hours after energization, one month later, and six months later to determine if the 
transformer is having a gassing Pf'C)bkim. 

C2005 Fadory Mutual lnsurance Company. Ali rights reserve<!. 
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Devfce 
No. 

2• 

26 
� 

5Qt«)� 

SOTF 

51N 1 

5tN02 

SHF 

SH\. 

63 

n 

87T 

87TW 

Notes: 

D� 

� relay (For lÑ 
conned8d lransfonnws only) 
Uqufd thennal devtce 
Wlndwlga-malldeYioe 
lnswllaneousground 
OV9'CUn'ent mlay. (Hlgh 
me,gnllude ground (autt 
Pf� o'f tra,� delta 
wfndfng and leads.) 
lnstantaneous oven:urrent relay. 
(H� magnhde lraM:fol11.er 
inlemal phase ta• protedlol1) 
Time delay overcummt relay. 
(Ground 1MJlt 1>1otedkM1 o'f 
lransfo,met wye � and 
through faults..) 
Time dQlay ground O'letcl.lrre.nt 
relay. (Ground tault �· 
of transfonner defta wfndlng 
and leads.) 
1lme de.lay O'llel'CUfTent f'elay. 
(Phase lhrough faul 
pn.>te<;tlon.) 
1lme chlay o� relay. 
(nansbmw<M!(ioad 
protectlon) 
Sudden pres.sute relay 
Lkpd LfN'el De,rioe 
Transformer dlfferential relay 
(Fauft protectlon for transformer 
Wernalfauls) 

Transfomter ground dfffemntiat 
relay (Ground fault protectton of 
llaWIISb'mef-wye� 
lnternal fauls) 

Action 

T 

A 
" 

T 

T 

T 

T 

T 

T 

T 
1 
T 

T 

� � T -T l!!lp 
1. Dwitas SIOG., 51JM9S�N. and 51JNYQ'.SU-rt - -� (See F",g¡¡ �E} 
2. Dwfce 50GO is - .....,,,a11-,,e to SONO!S1ND. {See F"eg 1E.) 
3. Devlce 67N Is an a"8mativ9 to 87TN. (See Rg 1E.) 

Rg. 1C. EJ9ctriaJI pn:"9ction one--lm9.. 
10000-lcVA ami larger tnmsformers. 

0 

0 
0 
0 

0 

2.1..2.5 The operation of eacll transfomle(- shou1d be monmxed on a fixed schedule.. Overheating eáused 
by oonlinuous 0'1811oading, overexdtation. ele. should be correded immediately. tf a � ovoooading 
becomes necessary because of outages of other units, switching operations or othef masons, lhe la test mvi-
SO'IS of ANSIIIEEE Staudads C57.91 and C57.92 shoukl be folowed. 

2. t .2.6 Perform efedricaf tesring on all transformers whosé faifure would cause s'eñous property damage 
and/or production intem.lption. Testing should be perfoml8d in accc-roance with manufacturefS' instructions 
in <Xinjunction 'Wiltl Dala Sheet 5-20. CJedrical Tes6ng. 

2.1.2. 7 Ali component parts (both in air and undef- liquid) associated with the automatic operaoon of the trans­
former's toad tap changar should receive periodic preventive maintenance. Tests shOuld be peñormed on 
lhe mineral oii in lhe load tap-dlanger �l Low oi 1eve1 in lhe lap changar� shoud be 
investtgated. Periodic pmventive maintenanc:e on load-tap changers shoukl be perfonnad in accordance 
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0 

0 
� 0 
-< 0 

-=-

0 

Note: 
� � s't>cr#n br ,�IWn>d lllrTger '1a,afo1.,1,e,,s.. 
PliolldDIII sltmulld .,_ dl1own IP9i' Rg. l� 18., or 1C de¡RT,,di11g 
lJ9>0<,, loaol6'tu.nM111 *9. 

5-4
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0 

0 
� 0 
-< 0 

-=-

0 

with the tap changer manufacturer's inslructions, operating experience and recommended practica. The oil­
filled. load-tap changar compartmenl should be provided with a mechanical over-pressure relief device. 
Replacement parts fur lhe load-tap � should be rea<i1y avatlable. The no-load tap c:hanger operating 
mechanism shoufd be focl(ed to prevent inadvertent operation. 

2..1.2..8 Corldecas.� bushings shoUd be tesled for- an inuease in power- factor and aipacitanat wi1h 
time... Toe bushings should be tested in areonlane9 wilh mariufadurefS' inslructions and Data Sheet 5-20, 
Eleclricsl Testmg, for high power factor-; and capacitance vafues. lf test resutts exceed manufacturers' limits 
for power factor and/or capacitance. they should be remo"9d from service. 

C2005 Factory Mutual lnsuranoa Q,mpany. Ali rights rese<VOO. 
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Devfce 

No. 

2� 

26 

� 

50G� 

50G02 

50N 

50N) 

50NY 

50-W 

su� 

51.NO 

51NY 

51TF 

s·rn. 

&3 
611113 

71 

87T 

8TIN 

Nnlas:: 

Desatpffon 

'YIOlls9Mm: mlay (Fo.- unl conneded 
lransfonn4Ns only) 
Llquld thennal devlce 
Wirdnga-maldeviat 
Zero sequence � ground 
overcun-ent relay. (Ground fautt 
protQ<;&n <1' wye wlndlng and through 
luls) 

Zero sequence tnstantangous ground 
overcurrent relay. (Ground fauft 
praledior• ffl lrallSfflllnef" della winding.) 
tnstantltneous ground owratmH'lt reta)·-
(Hlgh magnttude ground fault protectton 
ffl "'fe� ald lhrough faults.) 
lns1arltah&OUS ground �nt .-elay. 
(Hlgh magnltude ground fautt protectlon 
of trarmonnec della wtndlr\g end leads.) 
� ground (N@fQff'fen\ reby. 
(Hlgh magnitude ground fault protection 
of wye wlndlng and lhrough feufts.) 
tnsta\'-neous 0"'9l'Ctlf1alt tellq. (H9' 
rnagnltJde lransbmer fntflmal phase 
fauft protecilon) 
lime delay �nt relay. (Ground 
-- � of lransformer- wye 
wlndng and lhrough faufts.) 
Time de&ay ground �lll relay. 
(GfOU'ld ..-potedkM'I d bans-ironnef 
delta wfndfng and leads.) 
Tune delay overcummt rnlay. (Ground 
-- � of transTonw wye 
wtndlng and lt1fough fauh) 
Tune delay ovel"CUITElnt relay. (Phase 
ttwOllghiauap�.) 
lime delay o� mlay. 
(Tfansformer overtoad protectlofl) 
� � n!loay 
AC Olrectiolnal neutral o"9n:urrent l'elay. 
(Grotm fault protectlon of transformer 
wye wtndlng lntemal faults) 
Uquk:ll.e�Oevice 
nansformer dffferential relay (Faul't 
protectlol, fOf lransfonner lntemal faulls) 
� ground dfflen!ntiall l'elay 
(Gf'OI.DI fauR prnmdlon m transtonner 
wye wtndlng lntemal faults) 

1. DcrciitM; 510G, SQt4?!m4, SION'nSU« - � 
2. Oevice SOGO is an a"9mative to 50ND/51ND. 

3. Devio9 67N is an allematiY9 to 87TN. 

--, , 
' 

!SOGOr- - -' . 

---

, ' 

�SOG}---

, ' , 

0 
0 
0 
G 
0 

2.1.2..9 Test and maintain moritoring a'ld eleciñcal protective devic:es (fuses, cirruit breakefS and 1'81ays) 
in aa:ordance wilh Dala Sheet 5-19, Swikhgear and Cirañt Breakers, and Data Sheet 5-20, Bedrical Tesling. 
Ali the components of the protection systems shoutd be inspected and maintained according to their 
manufacturer's inslrudions and the recommendalions of lhe batSforrnet' �-

C2005 Fadory Mutual lnsurance Company. Ali rights res&rvoo. 
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2.1.2.10 1he cause of prot9dive relay operation should be det-ermined befom adioo is laken lo redose the 
lransformer onlo lhe eleciñcal syslem. Many fatltreS after redosure foQowing relay operation have been 
reportad. Unsuccessful redosure leads to further damage and destruction of lhe evidence of the cause of 
the relay operalion. 

2.1.2. 11 Provide transient overvoltage (""surge; protaction in accordance with Data Sheet 5-11, Ughtning 
and Surge Prolection for Electrical Systems. 

2.1.2.12 A sound and consisten\ maintenance pogrnm should be eslabished. Tlris program should íollow 
the specific inslructions of lhe manufacture,- of lhe lransformer, experience and guidefines of lhis dala sheet 
The importance, criticality, physical environment and operating conditions of the transfomler should be 
considefed to� an effedive schedtM. 

2.2 lndoor Transformers 

The folkNling prolediof1 recommendations are based on 'Whelhet the lransfonner- is FM Approved or equva­

lenl, lhe type of insdating faqwd, lhe lype of transfonn« and lhe electñcal pro1edion provided. Network trans­
formers are considerad separatety from olhef types of transformers. A network transforrner can be energizad 
from ellher primary or secondary windmg. Toe faiure rat-es for nelwofk lransfonners arn highef- than for othe(­
lypes becwse &le secondary electñcal protection is not adequate. 

2.2. 1 Constroc6on and Locafion 

2.2.1.1 G8nefal 

22.1.1.1 lndoor transformers should be located a minimum of 3 ft (0.9 m) from butlding walls. 

2.2.1.1.2 Cotllait•t.eol systems shoukl be pro'lrided for fiquid insulated transfunners. Where lransfonne.-s 
are localed in main plant areas, cuming should be pro'lrided. Whem located in a room, lhe room should be 
capable of containing 1he volume of fiquid in lhe largest transfomlef-. 

2.2.1.1..3 Where nonfflermal damage coukl OCCUT to 1he occupancy liquid insulated lransfonoefs shoold be 
relocated lo a room not exposing lhe occupancy or lhe room should be provided wilh a designed mechani­
cal ventilation system. Power for the venti1ation system shoufd be suppfied from an emergency power supply. 
The roo-n cons1nJction should haYe a fire reslstarloo rating specifwed in lhe folowing appicable secllons. tf 
a fire resislance rating is not specified, lhe room should be of noncombustible construction. 

2.2.1.1.4 Provide ionization type smoke deteclion/alarms in eleclrical rooms to sound at a constantly attanded 
localion regardlass of any automatic sprinlder protection or heat detection that may exisL Response should 
include notik:atioir, ofpetSOl!w.el capable of de &ne1gizit191he eleclrical �l The J]f'8S18n08 or absence 
of smoke deledors does nol changa the naed for spñnlders. Smoke detection spacing should be accordanoo 
wilh Data Sheet�. Automatk; Ftre Demc:oon.

2.2.1.1.5 DeY8lop a prefire plan for tire and electñcal msponse. E1eclrical petSOmel shoutd be capable of 
responding at &le same iime as fire fighting personnel and be able lo de-enewgize equipment so lhere will be 
no delay in fire fighting activities. Ar1 upstream (high side) breaker located outside _the electrical room 
accessi>le «hsing ea,.e,ger Kies may be needed lo accompfish tns. 

22.1.2 Uquid lnsulated Network Transformers 

2.2.1.2.1 Transfonners should pmferably be FM Approved or equivalant (see Sec6on 3. 1.1.2, FM ApprrNed 
8nd Equñ,alent TransTonne,s.J 

2.2.1.2.2 Transform8fS should be located within a room of fire resistant construction andlor protection. The 
tire msis1ance of the conslrudion depends on lhe quaity of insulating fluid in lhe largesl lransfonner. 
Transfi:>rmer rooms shourd be located on !he outside wan were possible: 

a) A fi'9 resistance rating of 3 hours; or

b) A fire resistance raling of 1 hour, and provided with automafic sprinkfer protaction oran FM Approved
gaseous agent suppression system, or a water mis! system FM Approved for maq,inery spaces. lf auto­
matic sprinklers are usad, a disdlarge densityof0.30 gpm/ft2 (15 mm/min) should be pro'lllded 0"8f lhe
area of the room.

2.2.1.2.3 Transforme.r rooms should be local>ed on an outside wall where possible. 

C2005 Factory Mutual lnsurance Company. Ali lights res&fV9d. 
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2.2.1.3 Liquid insüaled Translooners (Except Network) 

2.2.1.3.1 Less Rammable Liquid lnsulated Transformers

2.2.1.3.1.1 Transfonnefs shoukl be FM Approved or equivalent (see Sedion 3.1.1.2) Of" lhe foflowing should 
be done: 

• Location within e room with a fire resistance rating of one hour, or

• Automatic spitiÜW's should be provided ove,- lhe lnwlsformer and for 20 lt (6.1 m) beyond. Toe design
disc:harge densijty should be 0.20 gpm/ft2 {10 mmfmin).

2.2.1.3.2 Oif lnsufated Transformers 

Transfbrmers shoutd be tocaled within a room of fire resistant construction. The fire resistance of the con­
struction depends on the quantity of insutating liquid in the largest lransformer. Transfurmer rooms should be 
localed on an outside wal1 of lhe building where possible. 

2.2. 1.3.2. 1. For 100 gal (0.38 m3) or less, the fire resistance rating of the room should be one hour. 

2.2.1.3.2.2 For more lhan 100 gal (0.38 m3). one of lhe fonowing melhods should be usad: 

a} localion within a room wilh a fire resistance rating of 3 hours.

b) l.ocation wiltlin a room of one-hour fire resislance and provided with automatic sprinkle{- prot,edion
Of" an FM App-oved gaseous agent �ion sys\em, ar a water mist system FM Approved far machin­
ery spaces. lf automatic sprinklers are used, a discharge density of 0.30 gpm/rt2 (15 mm/min) should 
be provided cwer lh& area of lhe room. 

2.2.1.3.2.3 For muttiple lransformers in the same room, the room shoutd be of 3-hour fire rated construction 
and one of the ronowing protection methods should be used: 

a) Subdivide the room so lhat lnwlsfonners arn in separale fire areas using oonslruction wi1h a 3-hour
fim resistance rating.

b) Provide automatic sprinkler protection, an FM Approved gaseous agent suppression system, ar a water
mist system FM Approved for machinery spaces. lf automatic spñnlders are used, a ó.scharge density
of0.30 gpm/ft2 (15 mm/min) should be provided ovar the room area (see Fig. 2).

2.2.1.3.3 Dry-Type Transfonners 

2.2.1.3.3.1 tf dry-type transformers are located outside an electrical room lhey should be separated from com­
busbble material by distance or barriers to prevent ignition of the combusbole material or exposum to tha 
lransl"ormer-. 

The separetion distance should be 5 ft (1.5 m) horizontally and 10 ft (3.0 m) vertically; or 

A barYier d nont'Qf'OOUStible conslruction should be provided. 

2.2.1.3.3.2 Air-<X>Oled transformers should be located in a pressuñzed room where exposed to dusty or 
corrosiva etmospheres. Cooling air for the transformar should be filtered and free of corrosiva oontami­
na,ts.. 

2.3 Outdoor Transformers 

The fullowing � mcommendatioos are based on whelher the lransfonner is FM Approwd or equiva­
lent. and lhe 'IOlume and type of insulating liquid used. Outdoor transfonners may be located on or adjacent 
to bulldings as often happens with generating station transfomlers and distnbution lransformars at manu­
� planls. They may also be located in remote arnas such as soostations. 

2.3. 1 Construction and Locaoon 

2.3.1.1 8'posure Protection 

Buildings or equipment exposed by lransformers should be protected by separation, a fire barrier or a water 
spray system on the transformers. 

«)2005 Fadory Mutual lnsunmce Company. Ali right.s reservad. 
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Main 
Plant 
Area 

2,000kVA 
Transformers 
400 gal (1.5 cu m) 
Mineral Oíl 

Main 

Plant 

Area 

3-hr wall with exposed � 
steel protection or / 
1-hrwan with A.S. prot. 
or gaseous agent 
suppression in 
transformer room 

_____ ,_ Exposed Steel 

Plan View 

Transformer 
Room 

Elevation View 

MCCRoom 

Seal Cable Openings 
into MCC Room 

Flg. 2. Plan snd eleV&tlon v#ew of transformer room and MCC room contsinlng three min&ral oil lnsu'8rnd trnnsformMS. 
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23- f. f. f Separaoon Distance

2.3. 1.1.1. 1 The separation distance between buildings and transformers should be as indicated in Table 2a.
Horizontal distance is measured írom the transform8f" if an FM Approved less flammable ftuid is used. Hori­
zontal distance is also meaSUf8d from the transfonner where unapproved ftuids or mineral oi1 fi1led 
lransformers less lhan 500 gal (1.9 m3) are used and the ground sfopes away from the transfonner. rr the 
transformar contains en unapproved fluid or minerat oil of 500 gal ( 1.9 m3) or m0f8 1he distance is measured 
from lhe dike (see F19. 3).

2.3.1.1.1.2 The separatioo disrance between other equipment fmcluding adjacent transformers) should be 
as indicated in Table 2b.

HorrzontJtlDisfanceffl 
Two Hour Non-

FM A¡,pinNed Rrtt Resisfanf combuslbfe 
1nmsli:>nnef" Uquid \foluln9, Conslnlmon Cnnsfnlcljo,n 

Uquld or Equlv&fellt gal (m3) fl (m) ft (m) 
LessFlammable Yes N.IA 3 (0.9) 

�Appo'Yed No �0.000 (38) 5 (1.5) 
>10,000 (38) 15 (4.6)

Mtneral 011 or N/A <500 (1.9) 5 (1.5) 15 (4.6) 
(�1111id) : 500-5.000(1.9--19) 15 (�.6) 25 (7.6) 

:>5.000 (119) 25 (7.6) 50 (115.2)
( 1) Ali transfonnw oompoi ,ents must be aocessible far inspoction and maintenance. 

Uquld 
Less Flammable 
(FM Appro'Yed Aukl)

Mlnenll °"' «
(�!lluld) 

2.3.1.1.2 Rre Baniers 

2.3. 1. 1.2. 1 Bui1dings

FN ApprovPld Tmrrsformer
orEquivBtent

Yes
No 

™" 

Fluid Volume,
gal (m3)

NfA 
S10,000 (38)
>10,000 (38)

<500 (1.9) 

500-5.000 (1.9-19) 

>5,000 (19)

Combustibfé
�. � 

"(m) Disf8nc9
fl (m) 

5 {1.5) 
25 (7.6) 25 (7.6) 

50 (15.2) 50 (15.2)
25 (7.6) 25 (7.6) 
50 (15.2) 50 (15.2) 

100 (30.5) 100 (30.5)

Dr..1ance, 

fl (m) 

3 (0.9)
5 (1.5) 
25 (7.6)
5 (1.5)
25 (7.6) 

50 (15.2)

2.3.1.1.2.1.1 Where building waRs are used for protection, the exposed waJI should extend the horizontal
and vertical distances from the dike or transformar specified in Table 2a.

2.3.1.1.2.1.2 Roofs e)(J>OS8d by mineral 011 insulated transformers should be aass A rated ror 1he elCpOSQd
area. The exposed area is oonsidered lo be the foftowing:

a) 15 ft (4-.6 m) from a transformer oootaining 1,000 lo 5,000 gal (3.8 lo 19 m3) of mineral 011 where roofs
are less lhan 25 ft (7.76 m) high.

b) 25 ft (7.6 m) from a transfocmer conlaining in excess of 5,000 gal (19 m3}. where roofs are lass than
50 ft high.

2.3.1. 1.2.2 Equipment

2.3.1.1.2.2 1 For equipment protedion. baniefs should extend 1 ft (0.3 m) vertically and 2 ft (0.6 m) horizon­
lally beyond transfonner oomponerits lhat coukl be pressuñzed as the re.suU or ao e!edñcal faull This woukl
typically include bushings, pressure relief vents, raóiators, tap changar endosuras, etc.
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.. 

L ---------

.....----

Mineral oil insulated 

Dike 

�H,,---

H1 = Transfomler less than 500 gal. and where ground 
slopes away from building dil<e not needed. Horizontal 
distance is measured from transformer to bullán,g. 

H2 = Whefe ground is ftat oc slopes to building di<e shoufd 
be pro'lided. Horizontal d'fStance is measured from dh 
to building. 

5-4

Paga 15 

Noncombustible construction 
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2.3.1.1.2.2.2 Barriers should be of ooncr-ete block or reinforood concrete conslructión adequate ftt 2-hour 
tire resistance. 

2.3.1.2 Containment 

2.3. f.2 f General 

2.3.1.2.1.1 Provide a containment system for transformers under the following conditions: 

a) � oi fi1led lnmsfonners � a release of fluid wou1d e-,cpose buidings.

b) Mineral oil filled lransfonners containing more than 500 gal (1.9 m3) of mineral 011.

e) FM Appro,.,ed less ftammable fluid filled lransfurmers oontaining more lhan 1320 gal (5 m3) of fluid.

d} FM Approved less ffammable fluid filiad lransformers where the fluid is certified as a bioc:fe9radabla fluid
by the govemment environmental protection agency and where a ralease of fluid would not expose
navigable waterways (see Appendx A. ftt definition). The lransfonner shoukl be propooy labeled.
Transformers oonlairing more lhan 264-0 gal {1 O m3) of fluid shoukl be provided with containment.

2.3.1.2.1.2 Toe containment system should be larga enough for the votume of oil in the largest trans­
formar and the � from a 10-min dischal'g8 of 1he waw spray system if prowJed. lf th8f8 are three or 
more transformers, it should be assumed that !he tire wiR occur in the midcfle transformar and the water spray 
systems on adjacent tnmsformers wt11 operate. 

2..3.1.2.1.3 The COl'1tait •• lr9(lt system shoukl oonsist of a pitora «llced area and a drainage system for 1'8ffloval 
of rainwater. The pit shoukl be proleded as desc:nbed in 2.3.1.2.2 and 3 if lhe lransfonner is mineral 011 insu­
lated. lt may be unproteded if the transformar contains an FM Approved less ftammable fluid. 

2.3.1.2.1 .4. The pit or � ama shoukl be sized to contain lle oontent:s of the largest transforme,-_ The 
ama of the pit should extend as follows: 

a) For transformers oontaining 1,000 gal (3.8 m3) or less, the area of the pit shouid extend 3 ft (0.9 m)
beyood oit conlaining componenls � culbing is pro,ñded and 5 ft (1..5 m) beyond ol oontaining
components where curbing is not provided.

b) F« lransfomlefS oonlainiog more ttlan 1.000 gal (3.8 m3), lhe ama of lhe pi\ shouki extend 5 ft ( 1.5 m)
beyortd oi1 oontaining �ls � cuming is provided and 8 ft {2.4. m) beyond oil conlairing
components where curbing is not provided.

23. f.2.2 Rod-R//led Pifs

2.3.1.2.2.1 Where rock-filiad pits are usad, the rock should be loosened and turnad as necessary to pra­
vent filling of void spaces by dirt, dust or silt. Toe frequency is dependent on area of thé country and loca­
oon near � facilities wh1ch geoern\e oosl or ftyash. 

2.3.1.2.3 Open Pits 

2.3.1.2.3.1 Where an open pit is used, ooe of the fullowing forms of protedion sho\jd be provided: 

a) Automatic sprinkler or water spray protection should be provided for the pit area designed to a discharga
density of 0.30 gal/min fl2 ( 15 mm/min) ovar the arna of the pit or

b) A. 12-m (30 an) � layer of rock located on steel grating should be prowled at the lop of the pit.
Toe rock usad should be 1.5 in. (3.8 cm) washed and uniformfy sized rock, (Size No 5, ASTM D448
Standard � for Sizes of Aggregate for Ro8d and Bridge Consfrucfion). (See Ftg. -4-.}

2.3. 1.3 Roof-Mounted Transformar lnstallations 

2.3.1.3.1 Contanment systems should be provided fof roof-mcMrlted transformers. 

a) Far transformers with 500 gal (1.9 m3) or less insufating liquid, the containment system may be a welded
steel pan or curbad concrete mat with capacity large enough to hancfle the liquid in-the largest transformar.

€:12005 Fadory Mutual lnsurance Company. AII righís reseNed. 
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b) F« mineral oa insulated transfonnets wilh more lhan 500 gal (1.9 m3) liqtjd capacity. contamment
shookJ be rod<..fifled or of lh8 open pil des,gn wilh proteclion as reoo,,intetlded in Secfion 2.3.1.2.2 and
2.3.1.2.3. For FM Approved less flammable fluid insulated transtormers an open tontainment may be u sed.

e) Oass A roof cxins1rudion shou1d be used for lhe horizontal distanoo from lhe transfonnef specified
for noncombustible construdion in Tab'8 2a.

Steei Support 

I 
Orain to safe 

focation 

12 in. (30cm) thick 
layer of 11/2 in. (3.8cm) 

'Washed Stone" 

J 

2.3.1.3.2 The containment system shoutd be drained to a safe location acceptable k> lhe authority having 
iurlsdiction. 

1 
2.3.1.3.3 Adjacent buitamgs and other equipment should be protected in accordance with Section 2.3.1.1. 

2.3.2 Proledion 

2.3.2.1 Water Spray Exposure Protection 

2.3.2 f. f Buildings 

2.3.2. 1.1.1 tf water spray or automatic sprinkler protection is usad for building protection, a discharge density 
of 0.20 gpm/ft2 (8 mm/min) should be used over the exposed surface. 

2.3..2.1. 1 .2 lhe water � should be adequate for 2 � and should indude a hose sb-eam demand 
of 500 gpm ( 1900 Vmin ). 

2.3.2 f .2 Equipmenf 

2.3.2.1.2. 1 For multiple transformer instaRations lhe water spray system should be designed based on 
simultaneous operation of lhe water spray systems for lhe ad¡acent transformers. 

02005 Factory Mulual lnsurance Company. NI righl!: res81V8d. 
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2..3-2. 1.2.2 The water S{lraY syslem shoukl be designad lo provide a density of 0.25 galfmin 1l2 (10 rrmlmin) 
o"'8f" trans� surfaces, except amas under lhe lraYISfomier in accordance with Data Sheet 4--1N, Water 
Spray Fixed Systems. 

2.3.2..1.2..3 WhEnt lhe 9fO'.-.d around lhe lran� is nonabsorbing. water spray shoukl be provided at 
a density of 0.15 galJmin 1l2 (6 mmhnin) ro,- the diked ama or ro,- a dislance of 10 ft {3 m) from the trans­
formar in ali directions. 

2.3.2..1.2..4- �Is of lhe water sp-ay �\em,, such as piping, spray no:zzles., etc. shou,d be a minimum 
of 18 in. {45.7 cm) from lhe lransformer. 

2.3.2.1.2.5 Piping should not pass over the top of the transfomler or be exposed by tank reftef vents. 

2.3.2..1.2.6 Walet spray nozztes sho\Jd not be <fireded at bushings. 

2.3.2.1.2. 7 Toe wáter supply should be adequate for 1 hour and indude a hose slream demand of 250 gpm 
(950 lfwrin). 

2.3.2.2 Hydrant Protection 

2.3.2.2..1 Provide hydrant proleclion wtl8fft lransform8's present an exposure lo buidings and eqt.ripmenl 
Nonles FM Approved by FM l\pprovals ro,- use on eloclñcal equipment M-e preferred. Nozztes that produoo 
a spray angla of 30 to 90 degmes without passing through a sofid stream are acceptable. lf solid hose streams 
are used wilh equipment up lo 138 kV. lhe mirrimum approach dis1ance shcdd be 20 ft ( 6.1 m) fof-1-½ 
in. nozzles and 30 ft (9.1 m) b 2-½ in. (6.• cm) nozzles. Tesis ha\09 not beoo conducted on equipment wi1h 
voltages above 138 kV and solid hose streams shoutd not be used until this equipment is da-energizad. 

2.• Tnnsfonner Production Test Aleas 

2.4.1 Protec6on 

2 .•. 1.1 Automalic spñnldef- protedion should be inslalled at ceiling 1evel throughout lhe test area. Toe dis­
dlafge density shoold be a minunum of 0.20 gpmm2 {8 mmfmin) for the following: a) 3,000 tt2 {278.7 m2) 
for wet pipe �tems with 286"F (141"C) rated heads; b) 4,000 ft2 (371.6 m2) for wet systems with 165ºF 
(74"C) heads; e) 5,0001l2 (-464.5 m2) fof-dry systems wi\h 286"F (141"C) heads; d) 6,0001l2- (557.4 m2) fof­
dry syslems wi'll 165"F (7-t"'C) heads. 

2.4.1.2 At least 6 in. (15 cm) high curbs shou_ld be provided around the test area with the curbed arna drained 
to a safe tocation acceptable fo the authooty having ¡urisdictioo. 

2..-t.1.3 A stlll".dJjp& 'Nith 1-� in. {40 mm) hose oonnections shoutd be provided such that a11 amas can be 
reached with al least one hose stmam. 

2.5 Transfonners. lnsulatecl with Uquids Cont.aining Poiychloñnaled Biphenyls (PCBs) 

2.5. 1 Operaoon and Maintenance 

2.5. 1.1 General 

2.5. 1.1.1 Transformers which have been flushed and refinad with a replacement liquid should be testad at 
3 to 5 year lntervals in accordance with Data Sheet 5-20, Eledricaf Testmg, to veñfy that PCB concentra­
tions are below 50 ppn. 

2.5.1. 1.2 PCB-filled and PCB-contaminated transformers containing more than 50 ppm PCBs should be 
repteced. 

2.5. 1.2 Operation, Mainlenance, and Fire Proleclion 

Penólng replacernent of PCScfi\\ed and PCB-con\aminated lransfonners, \he fuftowing should be done: 

2.5. 1.2.1 An emergency response plan to handle a PCB spiTI shoufd be developed. The plan should be in 
writing and should indude: 

• Availabiity of an ernetyeney power supply

C2005 Fadory Muuil lnsunmce ¡;;ompany. A11 righls mserved. 
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Telephone m.rri>e(s b salvage and emergency. crifical plant personnel. a PCB <isposal film, ood the local 
FM Global offioo. 

Telephone numbefs of appropriate authonties. In the United States this includes the National SpiU Response 
Cenlar, and lhe nearest EPA Offica 

2.5.1.2.2 A 'lisual inspedion shoold be pertotmed b transformar.; in use or slornd b reuse on a monthly 
frequency if the transformar is accessible wilhout shutdown of the transformar, and annuar,y whal'9 the trans­
fonnef- can,ot be inspeded -.lhout shuldown. 

2.5. 1.2.3 Oamaged or teaking amas should be repaired. 

2.5.1.2..4 Roor drains �loa PCB spi\l shoukl be S&aled exoopl dTains to an °'l oontalumeot syslem. 

2.5. 1.3 PCB-lnsulated Transformer Replacement 

2.5.1.3.1 Drain PC8-aJntamnated liquid from lransformers oontaining more lhan 100 gal (0.38 m3) before 
movemenl 

2.5. 1.3.2 Drums containing liquid PCB should be packed within a larger outer drum with absorbent mate-
rial between lhe two drums.. 

2.5.1.3.3 A� plan should be developed before movmg PCB-filled equipment or container.. to 
minimize exposure lo plant areas.. The plan should indude verification lhat spill containment equipment sudl 
as plastic sheeting, oil absorbent materials and empty drums al'9 8Va1lable. 

2..5.1.3.• Drums oonlaring PCBs shoold be removed from main plant areas and <isposed of as soon as pos­
si>le. lf drums are stored on-sile, they should be stored in detached low value búildings. The following pre­
cautions should be taken: 

• The drums shoold be slored in a room of nonoombusbllle conslrudion wilh noocombushllle occupancy.

• F1oot areas shoutd be provided with a minimum 6 in. (15.2 cm) high curb. The vollffTI8 of the curbed arna
should be capable of containing either twice the volume of the largest container or 25% of th8 votume of
the PCB ax,taiue,s in lhe room. whithever is lafQef".

• There shoutd be no drains within the curbed ama.

• Floot and curbing surfaoe orea should be constructed of impenñous mateñals, such as concrete.

2.5. 2 Constrocoon and tocaoon 

2.5..2. 1 Where lrausfonnMs are m open pla-tt areas the fol\owing should be done: 

• Provide a curbed area around each transformar or bank of transformers sufficient to contain liquid from
th8 largest transformer. lsolate PCB-<:ontaminated transformers from hazmdous prooosses or areas of
combustible stoage by means of one of the following:

a) A one-hour fire rated banier

b) A minimum 15 ft (5 m) separation dislance fme of combusho'les..

2.5.2.2 Where transformers are within rooms or vaults the following should be done: 

• Seal wal penetratioos

• Exhaust air mectty to the outside

• Keep the room free of combustibles

02005 Fadory Mutual lnsurance Company. A11 rights reserved. 
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3.0 SUPPORT FOR RECOMMENDATIONS 

3.1 Olscusslon 

3.1.1 FM Approllfl.d and Equivalenf Trans1otmers 

Approval ls intended for liquid-filled transformers rated at 5 to 10,000 kVA. lf a transfomler is FM Approved, 
fire frequency Is considered reduced suffic:ientty such lhat fire protection considerations are not oocessary. 
The AA J.\pproval pogram oonsidMs lhe lransfurmer as a sys\8m that indudes evaluatioo of lhe fite proper­
ties of lhe riquid, the ability of lhe tank and transformer components to wilhstand lhe pressure generated 
by a low level electrical fault, and the abifity of electñcal protedion to clear a fault b9fof8 tank ruptura. Toe con­
dilions of Apprmal are as fonows: 

1. Tank design strength to prevent tank ruptura under low energy fault conditions.

2. A. pressme relief device lo relieve pressu-e if a low current fautt occurs unbl lhe fauft can be dearnd by
eledrical proledion descn"'bed in lt8m 3 below.

3. Electñcal protection to dear sustained low current faults.. This protection could be in lhe form of a ground 
fault .-.y and sudden pressu-e relay, or olher- devices of equivalent reliabffity.

4. Electrical protection to dear high current faults. This protection is based on lhe kVA rating of lhe trans­
fonner and is intended lo electrically isolate lhe transfom\« rapidty enough to prevent prnssure increase to
greaw ihan hd lhe tank burst pressure.

5. FM Approved transformar ftuids have a fire point of 572ºF (300ºC) or more.

For FM A.pproll9d netMñ lransfonners, seoondary side eledrical protection is needed in ad<fttion to the 
above. This protedion could be in lhe bm of ground fautt detedion or olhef- lochnology of demonslrated 
equivalence. This device should trip the high-side disconnect devices of the transfonner experiencing the fault 
and olhef- pa1all8Aed "ª"s:formers in lhe nelwofk. 

An equivalent transfofmer is one wilh a Ul risting per NEC Section 450-23 and eleclrical protaction to dear 
sustained low current faults. A UL risted transformar per NEC Section 450-23 will include the protedion 
features desuibed al>Oll9 exatpt b- ltem 3. ff electrical proteciion to dear � low wnenl fatits is 
provided, h tra,sfonner should be equivalent to an FM Approved lrans:fofmer. 

The purpose for providing transformer etecrñcal profection is to: 

a) Separale lhe transformer from lhe rema1nder of lhe s:yslem to allow the system to confinue lo operata.

b) limit damage to the transformar.

e) Umit damage to lhe resl ol lhe s:ysl&m.

d) Minimiza lhe posstbtlity of fire.

&) � hazanls to�-

The cost of transfufmer repairs and lhe associated downtime may be rocpensive. High speed sensitiva trans-­
former proteclion can reduce transformar and s:ystem damage and therefor& repair costs. There is no single 
way to protect. traosfonuers. Various protection almmatives need to be inves:tigated to delen'rine the best 
and rnost cost effedive scheme consideñng proleclive device speed, sensitivity end setectivily. Badrup 
protection should also be considerad sine& failure of a single protective device or breaker could cause even 
mote exlensive damage lo the tt-ans:fonn«_ The � proledion should minimiza:: 

a) Cost of repaiñng or replacing transformar damage.

b) Cost of lost production.

e) Cost of repairingfreplacing adjacent equrpmentfproperty.

d) Adverse effecls oo the balance of sys\em.

lllere are severat devices avmlable that can be used to detect faulls in the transformar and guard againsl 
the associated hazards. 



Valid Through May 2005 

Transformers 5-4

FM Global Property Loss Pnevention Data Sheets Page 21 

3.1.2.. 1 Mechanicall Oetecfion of Faulls 

There are severa! devices that are used to detect liquid level and tank pressure. 

3. 1.2.1.1 liquid Leve/ Gauge. Oevice 71'

Toe liquid level gauge measures the level of the insulaling liqLñd within the transformer tank. The gauge is cali­
brated against a predetennined fiquid level at 25ºC (77ºF). A low 6quid levet could indicate a loss of liquid. 
l<M liquid kMII can resol\ in Oll8rheating, insulation failure or ftashovef-. Til8 liquid level gauge should be pro­
vided with ararm contacts. The ararm shoufd sound lo an attended location prior to the liquid leveJ lowering 
to the point where the transformar is endangered. 

3.1.2.1.2 � Gauge 

Toe pressure-vacuum gauge indicates the difference between the transformar interna! pressure and atmo­
spheñc. Toe transformer tank internar gas pressure is related to the thermal expansion of the transformar 
liquid and varies -witt'1 lhe temperatura. The temperatura of lhe fiquid is a function of the ambient l:erllpera­

ture and transformar roa<fmg. The pressure-vacuum gauge shoufd be lesfed for proper operation if its indi­
cation remains constant for a long period under vañous temperatura and loading <!onditions. The pressum­
vacunn gauge should be sel lo alano beforn a lank ruplute or debmation can OCOJT. ll is always better lo 
have a positive pressure (3-5 psi) lo prevent possible moisture and other- contaminants from ent8fing the 
tank. 

3.1.2.1.3 A-esstJre Relief Device 

This device should be provided on ali liquid..filled transformers lo prevent overpressurization and tank rup­
tura. When the transformer tank's intemal pressure exceeds the pressure re6ef device set pressurn, the device 
opens. alloMng lhe gas andlor fiquid lo be released. 0n lafQ8 traosfonners lhe dew::e shou\d be provided 
wilh an ararm conlact and initiale an alarm at an attended location. The pressure refief device is self reset­
ting and self sealing. Toe pressure relief device should be testad to ensure propef" operation. The devic:e 
is normally mountecl on lop of lhe transfouner tank and is provided ffl1h a visual operatioo indica1of. 

Thé operation indicator must be manuany reset after the pressure re6ef device operates. 

3.1.2.1 . .f Gas Aa:.umuleliOtn ami Sudden Pressure 

There are two basic mechanical methods for detecting transformar faults: gas accumulation and oil or gas 
pressure increase. Gas accumulation resufts from decomposition of insulation or oíl. Sudden pressure 
incr� are causad by inlemal and lhrough-faults. Toe suelden J>'9SSUf8 from 1he hough-fauft is causied 
by the electromagnetic forces moving the core/corn assembly. Thé sudden pressure from internar faults is 
caused by the erectromagnetic forces and oil vaporization from the are energy. For internar faults these relays 
8f'8 more sensilive-lhan relays using eledrical quantities. 

3.1.2.1.4.1 Gas Detector Relay, Device 63 

Til8 gas detedor relay is applicable oriy on transfonners having conservalof--type ítqUid presen,ationf 
seafing systems. ll deteds gas evo1ution from ares and ovemeating. The relay alanos when 200 ce of gas 
has accumulated in its chamber. A gas sample should then be removed for analysis. 

3.1.2.. 1.4.2 Sudden Gas Pressure Relay, Oew::e 63 

The sudden gas pressure relay is applicable to gas-cushioned oit-immersed transformers. Toe relay is 
mounted in the region of the gas space. The relay can detect low or high energy ares. Toe inert gas above 
the insüaling fiquid transmiits lhe pressurn wave to lhe relay. FOf mgh 808f'QY ares the relay <>perales on 
a gas pressure ral&-of-rise. Thé speed of fhe relay is directly proportionar fo lhe pressure rate--Of-ris8. High 
energy interna! fautts produce a larga quantity of gas with a resultant high pressure rate-of-rise. The high 
� rate d ñse l"QStjfs in fasl relay operation (50-100 ms). Low 808fYY ares produce a smafter pres­
St.re rate of rise. TI18 lower rale-of-rise results in slower relay operating times (500-1000 ms). 

Toe most recent design of this relay uses two chambers, lwo control bellows, and a single sensing bellow. 
1\11 thme bellows have a <XJ11wno,1 interoonnecling s:ilicone passage. Dissimilar � rates of the lwo 
control beffows initiafes relay operation. 
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The relay should be '"°"'led in accordance wi1h lhe transforme.- manufacturnr-'s instructions.. An auxtliary 
relay (63X) should be provided to seal in lhe suelden pressure relay contacts and to prevent false opera­
tions. With the above precautions taken into consideration, the reliabllity of the modem sudden prnssura relay 
is ver, good. The mlay should be connected to lrip lhe lransfonnef- high and low side cirwit breakers.. 

3.1.2.1.4.3 Sudden Oil Pressure R8'ay, Device 63 

This mlay is applicable lo al oi\-immersed transformers and is mounted on lhe tank bekJw the minirm.-n liq­
trid level. 1t deleds intemal faults generating rapid ñsas in oo pressure. The rapid ñse in oo pressura is lrans­
mitted to the silicone liquid in the relay by way of the transformar oil and the relay doses its contacts. Toe 
most recent design of this relay is similar to that descnbed fof the sudden gas prnssure relay. Toe same instal­
lation pecautions as fot- lhe sudden gas prnssure relay need lo be considered. The relay shoutd be oon­
nected to tñp. 

3.1.2.1.4.4 Gas /\ttumulator Relay (Buchholz Relay), Devioo 63 

The gas accumutator relay is appfrcable onfy to transformers with conservator tanks without gas space in 
the main tank. lt is a combination of a gas detector relay and a sudden oil pressure refay. The relay is installed 
in the pipe running from lhe main lank to lhe oooseNa\or tanlc.. tt can deted: gas volume generated in ils 
gas deleclor mode or high velocity oel flow (larga faults) in lhe sudden al pressure mode. The gas detector por­
tion of the relay is normally used to alarm and the sudden prassure part is used to trip. 

Note: Not al lhese <kNic:es can be used in a given type of lransformer, allhough geoerical1y 1hey appear 
to be oompab"ble. This is due to physical construction of a giver1 lransfonner-, otl pump location, cover 
construction, aod liquid preservation system. The transfomler manufacturer should be consulted for the appli­
cabiity of a specific gas andlol" sudden pressure relay and fot- its rTl<>'Ilting localion on lhe specific 
lransfonner-. 

3.1.2.2 Thermal Oetection of Abnormalities 

Ovemeating sholter,s lhe lite of lransfomler insulation. lnsulation deterioralion is dimcily proporoonal to 1he 
duration and magnitude of overtemperaturn.. Severa overtemperature may resoli in rapro or imme<:ftale insu­
lation failure. Transformer overtleating may be causad by: 

. 1. High ambient temperahre (greaw lhan 30"C [86"F]} 

2. Feilure of cooling system

3. Overtoading

4. Through-faults not deared within transformer's through-fault capability characteristic time.

5. Ab.or,,.al system eo1rditiol.s (hq1 voltage. low frequency, overexcitation, voltslheftz. nonlinear loads,
phase u,balanoe.)

Continuous monitoring of transformar temperatura and protection against overtemperature is imperativa and 
is attamed by the following melhods.. 

3.1.2.2.1 Hot-spot Temperature, Device 49. 

The hokpot teq>erature gauge indicates 1he hottest-spot temperature of 1he transformer.. The location of 
1he hottest spot of the lransfomler- is moritornd by simulation methods, and appropñate wamings or lrips are 
triggered when necessary. Hot-spot temperatura can be simulated by thermal relays and replica relays. Toe 
lhern.al telay � responswe lo bottl lop-oil temperature and lo lhe <itect heating elfed of load current. A wr­
renl lransformer (CT} suppfies current propornonal lo wmding cummt 1o lhe lhermometer bulb heamg 001l 
mounted In the top oil. The thermometer bulb measures lhe oil temperatura wilh the heat effact of load­
ing and therefore tradt.s the temperatura which the hot spot of !he winding attains during operation. 

The replica relay, basad on lhe Wheatslooe Bridge principie, meas"JmS lhe resistanoe of resistmoe tempera­
tura detectors (RTO) immersed in the oil. Current transformers supply current, proportional to winding cur­
rent, lo a healing coil mounted beside the RID. Toe hea\ing ooi heats lhe oil around 1he RTO, simulating a 
hot spot. The RID's resistaoce varies wilh this oi temperature. Toe RTD fonns lhe �lanQQ leg of lhe bridge 
circuit in the relay. The relay is lherefore responsiva to the transformar hot spot temperatura. Temperaturas 
from several locations within lhe transfofmer can be monitored with this scheme. 
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3.1.2.2.2 Top-oil Temperature, Dewce 26 

Toe liquid temperatura indicator measures lhe insulating liquid temperatura above lhe core/coil assembly. 
Toe temperatura indicator is reflective of the transformar loading only to the ex.tent lhat loading affects !he liq­
uid �tum rise above ambient. The lop-oll temperatura changes very slowly lo changes in load because 
the liquid thermaf time constant is much greater than lhe wincfing time constanl. Ouñng periods of rapid load 
increases or decreases, the liquid temperatura reaárng may lag behind lhe actual temperatura of the 
conduci:ots. 

3.1.2.2.3 Fuses or Overcurrent Relays, Device 51

ll'8Se devices,, under certaiin cood'ttions, may provide sorne degree of lhefmal prol-eciioo. These devices 
are mainly used lo provide short circU1t protedion. Desaiption of these devioes for bolh lhennal and fault 
protection can be found in Section 3.1.2, Transformar Electrical Protection. 

3.1.2.2.4 Overn.xcifation Profedion, Device 24 

Overexcitation protection for transformers is needed for direct-connected unit generator step-up transform­
ers. Toe protection prevents overheating the transformar and unlaminated metal parts. with resultant thar­
mal damage lo ad¡aoent insolation from excessive extitation wrrenl Overexcitatioo relays (vo1ts1Hz) provide 
wamings and/CY trip functions mainly far cfirectly-connected generator transformers subjected lo wide ranges 
of frequency during the acceleration and deceleration of turbine-generator sets. The volts per hertz ratio 
stoJd be less 1han 1.1 times 1he ratio of lianskxmer- rated vollage lo rated frequency. 

OVerexcitation occurs wheo lhe ratio of volts/hertz exceeds 110% at the transformer's primary terminal. Far 
a generator step-up transformar this would be the low voltage side. Overexdtation can occur during startup 
and shutdown of 1he generator, especiaQy if lhe machina 's voHage regula1or is in a manual moda. Thls pro­
lection may be provided as part of the excitafion control of the generator or by a separata Volts per Hertz 
Relay, Device 24. 

Separale overexcitafion prolection of unit OOl'Wl8ded generalof" step-up transformef- is requiired if the pro\eo­
tion is not buift into lhe genera1or excitation system. A separata volts par- hertz should be provided if lhe fNfr­
excitation protection supplied by the generator manufacturer is bypassed when the voltage regulalor is in 
manual mode and lhis is lhe nom13I melhod used lo start and stop the machine. The transformar mánufac­
lurer should be oontacted far� cooroination with eithoc devioo and the transformoc o�tion lrnits. 

3.1.2.3 Electrical Detection of Over1oads and Faults 

Ovettoads and faults can be eledricafty detected by fuses and protective relays. To provide proper protec­
lion, lhese devices must be able lo á1Stinguish betweeo an acceptable overtoad within lhe transformoc's capa­
bility and interna! faults. Toe protective device must also be able to detect harmful overloads ancl through­
faulls lhat are not deamd by down:slre.am pro\eciion. 1lle eledrical protedion system must be ab\e lo detec.t 
al types of faults (ttlme-phase,, phase-to-phase. and phas&-to-ground faulls). Generally, ·severa! differoot 
devices are needed far the various fault conditions/types and overload conditions. Transformar overtoad pro­
tection should be applied on the load sida of the transfornler. Sepamte transformar protection for phase and 
ground faults should be pro'llided. Transformers that are oonnected delta-wye require two ground fault 
schemes, one for the defta winding and one for the wye wincfing. 

3.f,2.3.f Coordina6on of ProffJdive Devices

Toe selection of appropriate fuses and/CY protective relays should be the result of an engineering study that 
has considerad the coordination of afl other protective devicas and the electrical characteristics of the system 
to be protected. 

Toe primary-phase protective device must be set above the transfonner magnetizing inrush current and 
ncxmal overtoad. This requirement reduces !he degree of protection provided for the transformer. The pro­
tective devices at � loads should be sel8Cloo lo prewnt loacfmg of lhe lransfonners beyood the 
transformar short time overload capabt1ity. Til8 transformar manufacturar can be consultad to determine the 
overload capability of spedfic transformers. Toe time-current characteristic of the transformer primary 
protedive devices should oooroinale wilh olher overcumint devices on bolh lhe primary and secondary-side
of the transformer. 
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Toe primary protective device should protect the transformer against damage from thennal and mechanical 
stresses resulting from a transformar secondary-side fault. Toe primary protective device time-current curve 
shcdd coonioate and be less lhan lhe transfonne(- lhrough-fautt wilhstand capabiflty curve.. (See ANSI stan­
dard CST.109, Transformer Through-Fauf l  Curren! Duralion Guida.) This characterislic lakes into considar­
alion that the transformar damage is cumulative. The degree of transformer protection provided by the primary 
device b- lhe minimum vahJe for <iffemnt types of secondary-side faulJls (ltwee-phase. phase-to-phase, 
phase-to-ground) shoutd be determinad. The device should be selected so thal it wtll operate fast enough 
to prevent transformar wmding damage for minimum values of fault currents. 

E1ectrical qu.¡ntities (kV. kA, kVA. kW, kVAR, and Z) are usuaffy expressed in per unit ot percent of a rmer-­

ence or base value.. Percent is 100 times per unit quantity. 1he per unit value of any quantity is the ratio 
of that quantity to its base value. A 2500 kVA, 13.8 kV/480 V, 5.75% delta-wye transformar base values are 
2500 kVA, 13.8 kV prim8fy YOltaQe. 105 A primary eutrent. 0.480 kV seoondary vottage, and 3000 A 
seoondary wrrent. 1he nameplate �anee is given in percent. tts per unit value is 0.0575 pu. 

For a delta-wye transformar a secondary line-to-ground fault results in primary currents on two phas\es of 
0.58 per unit or 58% of the secondary fault current referred to the primary-side. lf a .20-kA secondary-side line­
lo-ground faullocome<:1 on phase·A'". lhe primarycurmnt seen byphases ·A"'and '"'C�woukl be 0.58 (0.480 
kVl13.8 kV) 20 kA = 0.4 kA or 400 A. A secondary phase-lo-phase fauft on this transformar connection resuffs 
in primary currents of 1.0 per unit on one phase and 0.5 per unit on the other two phases.. 

For a della-deha transforme,- a sealOdary phase-lo-phase fault resolis in primary etn'ents on two phases 
of 0.87 per unit of lhe seoondary currnnl Table 3 shows the effeds of the delta-wye phase shifts for vañous 
faults. 

3. f.23.2 Fose Protedion

This method is mainly used for transformers rated less than 5000 kVA. Fusas are a simple and inexpen­
sive means of providing ovoooad and fault protection of transformers. The main cfisadvantage of using fuses 
is lhat lhe opefation of a single fuse 1) may cause smg,e phasing and 2) may not de-energtze a fault on a
three-phase system. Single phasing on a lhree-phase system occurs when ooe phase does not carry any cur­
rent and the other two phases do carry currenl Both conditions expose other oomponents of the distribu­
tion system 1o fai1ure. 1he msulting single phase S9fVice may endangef" polyphase molors and other loads. 
Fuses should be applied in combination with load--mlerrup1er swik:hes to trip all lhree phases. 

Primary-side fuses are often used for protection against souroo-side and interna! faults. They may not be effao.. 
&.,e for load-ooe faulls 'llltl8ln fusas are �ed on th9 source-side onty. They am not effec:tive in detecting 
secondary-side arcing ground faulls. Also primary-side fusas largar lhan 125% of transformar rated current 
may not provide adequate oV81'1oad protection. 

Fuse seledion should be based on lhe foOo'Wing ractors: 

1. Ampere rating. The primary fuse should have an ampere raling that provides a �linuous cui;rent
capability greater than the maximum expected load. This requirement may reduce the degree of protection
provided by the lmnsformer.

Table 3 Effects of Delm-W)'fi Phase Shfff:s 

Prima,yLinft Prtmary Wíndlng Secondary Winamg Secondary 
�T)f)e Current T)Pe Cummf Type Currant t..me Cunent 

3-Phase 1.0 /i 0.58 /i 0.58 1.0 
3-Phase 1.0 /i 0.58 y 1.0 1.0 

I\ 0.87 "8 0.58 "8-0.58 "'o:a1 

Une-Une B -0.87 /i BC 0.29 11. BC 0.29 B -0.87 
co CA0.29 CA 0.29 co 

I\ 1.0 AB 0..5 I\ 0.87 A0.87 
Une-Une B -0.5 & BC O y B -0.87 B -0.87 

C-0.5 CA-0.5 co co 

A 0.58 "8 o I\ 1.0 A 1.0 
BO BCO eo 80 

Une-Neutral o. 
co co e -0.58 CA-0.58 

11 N 1.0 N 1.0 
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2. Wi\hstand inrush currents.. The ac.tual time-<::urrent profie kx- bolh transbmef- oold and hot load pickup
of lhe <faslnllution system shoukl be detennined. Cokl load pickup is lhe combined magnetiiing and load
inrush currents associated with re-«iergizing a transfOffller after an extended outage. Hot load pickup is 
lhe corrtined rm¡gnetizing and load imush currnnts associa\ed wittl re-eoetgizing a transkxmer aft8f" a
momenta')' service interruption. The fuse characteristic must be greal'er than lhe St.Wn of both transfoml8'
magnetizing and cok:l load inrush and transfonner magnetizing and hot load inrush curroots of the distnbution
sysklm.

3. tnterrupting raling. The fuses' interrupting capabi1rty must be greater than lhe available system fault currenl
et the point of apptication.

4. Transbmer hough-f-autt withstand. The prima')'-.side fuse lolal clearing time-onent cuw should coor­
dinate and be less lhan lhe transkxmer lhrough-fault '\l\iilhstand capahifity curve. The lotal clearing time curve
of the primary--side fuse shoukf aoss lhe transformer through-fault capabifity curve at a low ievel of currenl
Toe � lhe itlletsedion of lhe two cmves, lhe greatef- lhe degree of protedion provided by lhe primary­
side fuse.

5. Coordinate with olher protective devices. The time-<:urrent characteristic of the transformar primary-side
fuse shoutd coordinate with other overcurrent devices on both the primary and secondary sida of the
lnlnsfomHw-.

A power fuse is defined per ANSI/IEEE C37.100-1981 as: UA fuse consisting of an assembly of a fuse sup­
port and a fuse unit or fuse holder 'Mlich may not indude the refin untl. or fuse link.." There arn two basic 
types of pow8f" iuses:: 1) mcpulsion type and 2) current fimting type. 

The expulsion-type fuse is a vented fuse that extinguishes the are via the deionization action of the gases. 
Toe gases are liberated from the lining of the intemipter chamba(- of the fuse. Toe gases are produced by 
lhe are heat \lllhen lhe fusible element melts. 

Expulsion-type fusas have severa! benefits. 

1. They can be sized to provide overload protection and acoommodate expected load le�s.

2. They can withstand the transfonner current inrush due to magnetizing and load current evan whan fusa
is sized closa to the transfonner fuft load rating.

3, They .e seositive to bottl primafy-side and secoodary-side phasa faults 

4. They can coordinate with the transformer through-fault capabifity curve, thus providing protection against
da-naging overcunents..

A current-limiting fuse is a fuse, that when meitad by a current wilhin its specified current limiting ranga, 
abruptly introduces a high are vottage impedance to reduce the current magnitude and duration. Tha current­
lirriting fose melts in less lhafl on&-half of a cyde and lherefore can in�l the CUTent Í>efo('Q it reaches 
its maximum vafue. 

Toe bene6ts of a o.rrrent-lmting fose are lhal it timits lhe available fault wrrent in its cumri hniting range 
and lhefefore reduces lhefmal and magnetic stresses on sysmm componeots; and it can achieve very high 
interrupting ratings. The major disadvantages are: 1) it generales transient overvoltages when il functions; and 
a fuse with ampere ralings higMr than transformer fufl toad ratings is required since the fusible element may 
bmak due to lhefmal fatigue from inrush aments and loading. 

3.1.2.3.3 Overcurrent Relay Protecfion 

Ove«:urrent protedion is used to prnvent damage to transfonnefs from ovoooads and from through..faults. 
Overcurrent relays are also normaly used ftr protection of transfonnefs raled below 5 MVA for interna! fuults 
and as backup protection to differential relays for largar transformers. 

3.1..2..3.3.1 Time phase oven:urrent relays, Devioe 51 

Time phase overcurrent relays must be set so that they do not falsely operate on normal over1oad and trans­
formar inrush current, but do protect the transformar for externa! fautts. One way of meeting atl these con­
slraints woold be to use bolh primal)' and seoondary-,side overc:umint relays. Through,-fauft and badup 
protection would be provided by the transformar primary-side ovérCÜrrent relay, device 51TF. The relay must 
be set to coordinate with both upstream and downsl:ream proteclive delrices, the transformar inrush charac­
teristic and lhe lhrough-fault capabllity curves. lnrush cumint is typically 8 lo 12 times rated CUT00l for 0.1 
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seconds. Refer lo � 3.1.2.3.1. Coo«ination of Protective Devices. for a discussion on transfoml9f" 
through-faull wilhstand capablily and P8f" unil fault magnitudes for vañous ITansformer winding connec­
tioos. Slnce relays normally trip an three phases of circuit breakers, single phasing Wlll not occur, as it can 
'with fuse protedion. 

Overfoad protection would be provided by the secondary-side overcummt relay, device 51TL The relay should 
be coordinated with both the transformar short-time overtoad capabifity and the transfonner through-fault 
apablily CUNeS.. Orertoad protection is lyJjcally set at 115,t of lhe maxmn.m acceprable overload. 

3.1.2.3.3.2 lnstantaneous Phase Overcurrent Relays, Device 50TF 

lnstantaneoos phase oven:u-reot relays, de'<rice SOTF, provide rast tripping for seY9f'8 transformef' mlemal 
faulls.. Exleosive dámage lo the lransfomter could resuft if only time phase o"'8f'CUflent relays are usad fof' 
interna! fault protection. The instantanoous relay is placed on the transformar primary side and set so that it 
'Will not respond lo the malOfflUffl asymrnetñcal lhrough-fault on the secondary side. The setting mus\ be 
above lhe transfomg irrush cummt lo preven\ nuisanoe tripping. 

3.1.23.4 DiffiN'ential Protection, Devke 87T 

Ditfemnial protection, dfMCe 87T. is typ¡caly used on lransfotmers 10 MVA. and above.. The cummt ac\uat­
ing lhe <flfferential relay is lhe net cfilfe.enc:e between input and output currents of lhe �former property 
transformad to the relay via cummt transformers. The current transfonners may be located on the transform­
etS' primary and seoonday bushings (e.g., bushing CTs) Of" they may oo loca\ed T8fflOlely on circuit break­
etS lo give a larg8f- "'zona of protection �- The most oommon lype of <flffenlntial relay is lhe percenlage 
differential relay with harmonic restrainl llis relay incorporates both percentage diffarential restraint and 
harmonic rnstrainl 

The percentagu dilferenfial reslrainl ensurns accurate disc:riminalion bet1MKifl imemal ami exlemal faults at 
high fault currents.. This prevents undesiTed lripping of lhe relay due to mismalch of relay currents, and/or 
relay taps for transfomler through-fautts. Relay currenls may be mismaldled due to CT ratio imbalances, CT 
saturalion. CT 'Ml'9 lengttl and baasiolmer \ums ratio duelo tap dlanger operalicWl.. The arnount of restramt 
is stated as pen;a1tage of the diff&renlial OI' net current lo lhe relay. The relays are usuafty provided with sev­
era! pen=ent slope taps (15-40%). Variable percentage slope can also be provided which provides high 
sensitivity at low cummt magnitudes with an increase in percentage ratio at higher currents. 

The harmonic mslraint feature enables the relay lo distinguish betwe«i lransfonner magnetizing inrush and 
an intemal fautt by the diffarence in wavefoITTI. A.s a minimum, second harmonic cu1Tents lhat are always 
(X9S8nl dlWing llaosfom iM magnetimlg are used lo rnslrain lhe relay duñng enefgizalion of the lransfomleT. 

The CTs used for cflfferential protection of wye-delta transformers mus! be connecled in delta on lhe lrans­
former wye winding, and wye on the delta winding. Tus is done to compensate for the 30- phase angla shift 
inlroduood by the wye-delta bank, and lo elimmate mro sequence currenls caused by extemal laults on the 
wye side of lhe lransformer from operaling lhe relay. 

Phase-to-ground faults on either the wye- or delta--<:onnected windings for softdty grounded systems will cause 
t'M> of lhe lhme phases of lhe differential mlays lo operate. lf ei� side of lh� lranskMmer is oonneded 
to a low resislance grounded syslem, then the differenlial relay operation will be marginal for ground faults 
on the tow resistance side, and attemative ground fautt protection should be used. tf either sida of the trans­
fonner is high resistance tt �ed. then lhe differential relay will not operate for gn:xm faulls on that 
side of lhe lransformer. 

3. 1.2.3.5 Ground Faulf Proteclion

Transfonnef ground fautt protedion can be provided by either <iffernntial relays tt by overcurrent relays on 
sofi(ly grounded systems. Dedicated ground faull protection schemes should be provided for transformef'S 
on resistance and ungrounded systems. 

The following grou'ld fa\Jt protection schemes ca, be used on either softdly grounded systems tt on low resis­
hiwlce grota'lded tnrisformers. Scheme selection dej,ends upon the required sensitivily, ooordinafiof1 and 
physical restraints. 
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3.1.2...3.5.1 A.C Twne Ground Oven::umlnt Relays, Devioos 51N & 51NY 

Ar1 AC time grouncl overcurrenl relay functions when the grouncl fautt current exceeds a predeterminad value 
for a given time. The current ancl operating time are inversety proportional. They shoutd be used when time 
coordination 'Wi1h other- s-ys\em ground fautt prolecfion is required. lf time ooordination is not req�red. lhen 
an instantaneous ground overcurrent relay can be usad. Ground faull relays can be set more sensitiva than 
phase fault relays since they do not see phase currents. Tll8 time ground overcurrent relays can be localed 
ei1her in lhe lr.lnsfomMw- neutral or- msiduaRy oonned.ed in the CT seoondary (CT neutral) for lhe phase 
O'\lel'QJff'eOt relays. 

Oevice 51N is locatad in 1he transformer wye winding neutral. Device 51N can be set mom sensitivety than 
� comected ground fault rnlays since lhey do not see load CUffElnt unbalance and CT dissymme­
try unbarance. This device provides ground fault protedion for wye windings ancl ground faults occurring 
downstream of secondary wye windings (lhrough fautts) for lhe fol1owing systems: 

1. Three-phase. three-wmt systems 'Wi1h lhe lransfonner neutral grota'lded.

2. Three-phase, four--wire, single-point grouncled systems with lhe grouncl fault retay CT located between
the neutral conductor and the sysl.em ground. (Note: Device 51N would have l'o be set greater than the load
cun-ent unbalance if lhe CTs 'W8r'8 located betwaen lhe neutral oondudor- and lhe lransfonner- neutral.)

Device 51N may not be effective if the electrical system neutral is grounded al more than one poinl for the 
fotlowing masons: 

1. The unbalanced load current may divide between lhe system neutral conduclor·and lhe grouncl oondudof-,
which will require device 51 N to be set less sensitivefy.

2. Not al of lhe downstream ground faJlt current wil retum to lhe transfofmer- neutral, which will require a
more sensitiYe setting.

Oevice 51 NY is residuaRy connected in the neutral of the phase CTs on lhe wye wmding side of 1he trans­
formef-. De'lice 51NY must be set greater lhan lhe maximum load current unbalance and CT dissymmel:ry 
unbalance. n provides ground rautt protection for primary wye windings, back fed secondary wye windings 
end ground faults occurring downstream of seconclary wya winclings (lhrough faults}. 

3.1.2...3.5.2 lnsla,laleous Ground Overcurrenl Relays. De'Vices SON & 50NY 

Arl instantaneous ground overcurrent mlay functions instantanaously when the ground fault current exceeds 
a predeterminad value. lf time coordination for ground fautts Is not required, then an mstantaneous ground 
o"8fCUff'8t'1l rnlay can be uS8d alone. lf a high currenl pdwp for severe groond faults is wanled, then an instan­
taneous grouncl overcurrent reray can be usad in eotiunction wilh AC time grouncl overcurrent relays (51N, 
51NY). Toe relay is located eilher in the transformer neutral or residuaffy connecled in the CT secoodary. 

Device 50N is located in lhe lrat'lSforTfKK wye win<ing neulral. When used 'Wilh device 51N. it is normally set 
to pick up orly for severe � faJlts. The pidrup selting must be grealer than downslteám protective 
devices to prevent nuisance bipping. When used alone and coordination is not required. its pi�up is set very 
S8nSitNe.. Olher sensilMlies and limilations for- bottt high and low set dev1oo $0Ns ae baslca,ly 1he same 
as stated for device 51N (AC time ground 0\1'8f'tU'f'Mt relay). 

Oevice 50NY is residually connected in the neutral of the phase CTs on lhe wye winding sida of the trans­
formar. When usad wilh device 51 NY it is normalty set lo pickup only for severe ground faufts. The pickup set­
ting must be greater lhan do-M'lstream proteciNe devices to preven\ .-...isanoo tñpping. When used �one 
and coordination is not required, its pi�up is sel very sensitively. Other sensilivities and rimitations for both 

high ancl low set device 50NYs are basicaRy the same as stated for device 51NY. 

3.1.2...3.5.3 Zero Sequence OYero.rrrent Relays. Device 50G 

Zero sequence instanlaneous grouncl overcurrent relays can also be used. This melhod uses a toroidal or 
window CT. Either the transformer neutral conductor and/or lhe main concluctors pass lhrough the winclow CT. 
The inslanlaneous relay must be matched to lhe window CT to obtain lhe required sensitivity for a gh,en appf.­
calion. This scheme is only applicable to low voHage and medium vollage systems where an of tho 
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condudors can be fitted 1hrough lhe window CT. For lkee-phase., four-wwe sysh!ms, 1he lh�se con­
duclors and the neutral conductor are passed lhrough lhe window CT. Load unbalance will lherefore not pro­
duce any output current in the window CT secondary, and device 500 can be made very sensitiva. Olher 
sensifurities and l,milalions fot device 50G me basically the same as stated for lhe /\C lime ground oV8frummt 
relays. 

3.1.2.3.5.4 Dedicated Ground Fault Protection fof Transformar Grounded Wye Winómg, Devices 67N & 8TTN 

Both dwedionat grouncl relays (67N) ald ground <iffernntial reblys (87TN) can deled ground faulls in lhe 
transfonner wye-<Xlnneded windings. Bolh prolection schemes can discriminale between transíormoc inter­
na! feults and faults extemal to the transfonner protectad zone. Bolh schemes wilJ operate for an interna! 
ground faJtt in lhe wye windit.g, iTTespedive ot the wye win<ing adjaoont breaker positioo. (Souroo must be 
available i'om della side '\W'8n wye sida breakef- is open.) These schemes will operate J>f(lp8f1y for inter­
na! transformar ground faults when an externa! zero sequence current source exists (externa! system ground) 
but wm not operate for extemal ground faults. 

3.1.2.3.5.5 Dedica\ed Ground Fault Protection forTransformer- Delta Winámg, OeYloes 5000 &"51ND 

Toe transformar delta winding and the phase conductors between the CTs and the delta winding can be pro­
lecled by a lime ground overcun-ent relay, Device 51ND, when lhe system is eiltMM-soidly oc low resis­
tance grounded (an extemaf source of zero sequence CUTT8flt is avaifabfe). Til8 relay is residuaffy connected 
in the CT secondary. lf the CTs are located on adjacent breakers, then the transformar delta winding, cable, 
bus and associated bushings are al provided wi1h sensitive gmund fault protectioo. 

Zero sequ8f"lce lnstantaneous ground overcurrent relays. Device 500D, can also be used in similar applica­
tions. Ali three of the transformar phase conductors are passed through the window CT. This scheme is basi­
cally the same as desai>ed for proledion on lhe lransfom.- wye winding ami has lhe same physical 
limitations. 

3.1.2.3.5.6 Transbme, Ground Faull Proledion b High Resistance Grounded Sys\em, Devic1t 59N 

Time overvoHage retays, Device 59N, connecied across the neutral resistance either cfrrecffy or on the 
secondary of a neutral wttage transformar should be used. 

3.1.2.3.5.7 F.-e Oeledia, Syslems for Ground Faults in Nelw(ñ Vaufts 

The heat and smoke generatad by an arcing ground fault cim be sensed by a fire detection system. This 
is an acceptable alternativa to secondary-side electricaf protection. A heat detector should be located within 
the nelwork protector for each lransfonnef, � a smoke or heat detoctioo system shoukl be locatad in lhe 
transformar room in accordance wilh the recommendations contained in 5-48, Aufoma6c Fire Defeclion.

Actuation of one heat detector °'" two smoke detectors should be arranged to trip the appropriate primary
and secnndary break8'"S.. 

3.1.2.3.6 Network Prolectors 

The nelwork protector is nonnally ftange moonted diredly on lhe network transformer low vollage tenninals. 
The network protector contams lhe following componenls: low voltage air circuit breaker {ACB), controts 
far lhe ACB, and networl( relays. Netwoot proteclofs trip for fautts occurñng on the primary side of the network 
bar,� �-.tlen a powe,- rever-sal ocan-s ..,¡lh pow8f" llowing from lhe seoondary side of the networic: 
lmnsfonn8f lo lhe primmy side. 

The watt-var network master relay has superior operating characleristics ovar the standard watt network 
master relay. lf a primary-side line-lo-ground fault occurs and a single primary fusa operat-es without tripping 
lhe feeder breaker, 9'8 unfaulled phases may stil supply power lo lhe nelwofk. l.Jndef" IMSle oonditions the 
net three-phase power ffow in the networl< protector is not in the reverse cfireclion and the standard watt mas­
ter relay wt11 not opereta. The reactive ftow (vars} in the netwoffl promctor wm be in the reverse direction. Toe 
watt-var maste,- relay property 0011nl8ded lo see this revetSe reactive flow w,ll operate for lhis ooodition. 

3.2 Loss History 

Nearty 50% of ht dolar loss for lransformers repo,ted to FM Global OCDJJS in lhe uliity industry. Anothef" 
10% OCOJJS for transfoml8'-s in lhe chemical industry, r,r. in p'utp and � and 6% at commercial k>cations. 

A study of modem transformar breakdown records shows that between 40% and 60% of lhe transformer fail­
Utes are lraced 1o windit.gs. Statistics of FM Global Loss and Operational Analysis Oepartment statistics 

C2005 Factory Mutual lnsurance Company. Al1 rights mse<ved. 
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show lhat 60% of lransro. ntef falun3s invofve lhe windings. IEEE slatistics from IEEE Std. 493-1990, Design 
ofReliable lndusfrial and Commercial Power Systems, report lhal 53% oflhe failures invofve windings. Doble 
Engineering surveys reports lhal for lhe iast five years, 44% of lhe f-atlures invotve windings (Table 4). 

hxadi119 lo lhe Doble Engineering"s lransfonner- winding locafion falure analysis sun,ey. 36'% of lhe f-atl­
mes OCCUT in lhe trigh voltage winding and 41 % occm in lhe low vollage winóng (Table 5). Tum-to-tum faulls 
represent 30% of lhe winding faitures, phase-to-ground is 16%, and phase winding-to---winding is 14% (Table 
6). The cause of the falutes is not always deady ideotified because atl evidence is often eliminated by lhe 
ve,y nature of the brnakdown. 

Table 4. Transformer Falfure Anatysis 1989-1993'

Components Total No. 

e� � 

con Blocklng 102 

Cu@ & a.,�Assembly � 

De-E� la() Changef Assembly � 

lnsulatlng Llqutd 82 
l.ead&Lead�� 70 

load Tap Changer Assiembly 237 

Tank, Gasket. Coollng Equlp. & Ñ;Ce$S.. 55 
Wlool,ng 658 
Natldellffied 87 

Total 1389 

Table 5- Transformer Wind1ng Locafion F&ffure AnBlysls 1989-1993'

location of Wlndlng F� To&al Nn. 
Common (LV on l\utoo'ansbmel') 20 
Series (HV on Autotransfonner) 20 
Hlgh Volt.aga 273 

LcMVobge 3141 

Regulating ar Tap 56 

Tertia.ty 39 

Not lndicated 411

,Transfonner Fm1ure Analysis statistics from Doble Engineering Company, Wa19r1cMn, MA 

TaMe 6. ltansformer Wmdmg lnsul6lfioin Fellure Anafysis 1989-1993" 

Wlndl\o,g lnsufaffon TbfalNo. 

w--.dlng to Ground 189 

WMiogloWindng 129 

PhasetoPhas-e 42 

l\Jm-to-Tum 263 

WlrdngDislottiof'lor�t 103 

Not ldenlffled 189 

,Tnmsformer Failure Analysis !'ltatistics from Doble En� Company, Waturtown. MA 

4.0 REFERENCES 

4.1 FM Global 

Data Sheet 4-1N, Fixed Water Spray S),sfems for Fire Profecfion. 

Data Sheet 5-10, Prolecfive Grouná,ng for Eledric Power Systems and Eqwpment.. 

Data Sheet 5-11, LJghtning and Surge Profec.fjon fOf Bect,ical Syslems. 

Dala Sheet 5-19, SWifchgear and Circuil Breakers. 

Total% 

6 
1 

6 

3 

6 
5 

117 
4 

47 

6 
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3 
3 

36 
411 

7 
5 
6 

Tbtaf" 1 

16 
,. 

5 

29 
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Dala Sheet 5-20. EJecbi<.al Testing. 

Data Sheet 5-48, Auromatic Fire Delecfion. 

u 01her

NFPA 70, National Bectric Cod9 (NEC), 1996 

N� 850, Elecbic Genemling Pfants,, 1996 

ANSI/TEEE Stcf 979-1984 

Code ol Federal Regula6ons: Part 761-Polychlorinated Biphenlys (PCBs) 

ANSI/TEEE C37.100-1981 

ANSUIEEE C57.100-198.5 

ANsrnEEE Std.493-1990, Des;gn of Refiable Industrial and Commercml Power Sysl'ems. 

ANSUIEEE Slc:I. C57 .91 

ANStl'TEEE Std. C57.92 

ASTM 0448. Sfandam Classification for Sizes of Aggregafe for Road and Bridge Constructoo. 

European standard EN 50195, Code of Pracfice for fhe Stffe Use of FuRy Enclosed Askaml-Rfled Electrical 
Equipment. 

APPENDIX A GLOSSARY OF TERMS 

FM Approved: r&ferences to UFM Approved" in this data sheet means the product or service has satisfied 
lhe criteña for Approval by FM Approvals. Refer to lhe Approval Gfftde far a complete í1Sting of prodl,)Cts and 
setvices lhat are FM FM Approved. 

Higher secondary voltages: secondary voltages equal to oc greatar than 480 volts, including 480/277 volt 
syslams. 

lower �ary vollage: transformers with seoondary voftages below 480 volts. 

Navigable waterway: Navigable watarway is definad by 40 CFR Part 112 as: 

a) AII waas lhat are wrienUy used, W8f8 used in lhe past. Of" may be susa1pbl:118 lo use in intafslata
or foreign commarce, including ali wa� subjact to tha abb and flow of the tida.

b) AII inwslale waters, indu<ing iiltarslata weUands. mudllats, and sandflats.

e) Ali othar watafs such as intrastata lakas, rivers. streams (induding intermittent streams), wettands,
mudflats. sandflats. sloughs. praiñe pothotes, wet meadows. playa lakes, or natural t,oncls, the use,
degradation, Of" desbuction of whidt coüd affect. interstata Of" fomign oommen;e indu<ing 8"Y waters lhat
could be used for recreational purposes, or from which fish or sheRfish could be taken and sold in interstata
or forelgn commerce; or that are used or coutd be used for industrial purposes by industries in inter­
slate canmen.a.

Networlc: transformer. these transfomlers are located in vaults in buifdings or adjacent to buildings. The vaults 
contain two or more power transformers. These transformers are suppfied from diffamnt transmission or 
disln"bution lines � are paraleled on lheir low voltage sida lhrough c:iTcuit in� devices called "'nel­
work protedors". TypicaRy high voltage current interrupting devices have not been used in the nelwo'* vautt. 
The low-voltage bus of a networi< vauft may be electrical1y tied to a number of other vaults lo form a network 
secondafy distmulion system, callad a low-voftage netwod( gñd. 

Primary winding: the winding into which energy normally flows. The primary winding can be energizad from 
the sacondary winding under abnormal conditions. 

Radial transformer. a lransbmef lhat can only be energizad from lhe pñmary winding. 

Secondary w;ndmg: the winding from which energy flows duiing normal operalion, 

In ornear cornmertial buifdings: within lhe interior of, on lhe roof of. attacha<:I to lha extariat" wall of, in lhe 
parking area s8fVing, or within 30 metafs of a non-industrial non-substation building. Commercial btñldings are 
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typicaWy accessa'ble lo bolh members of lhe general pubfic aod employees, aod include:: 1) Pubfic assem­
bly properties. 2) educational propertias, 3) instilutional properties, 4) residential properties, 5) stores, 6) office 
buildings, and 7} transportation centers (e..g., airport terminal butldings, subway stations, bus slations, or 
lrain stalions). 

APPENDIX B DOCUMENT REVISION HISTORY 

January 2005. The following changes were done for this revision: 

1. Section 2.2 lndoor Transformers, recommendalions 2.2.1.2.2 & 2.2.1.3.2.2. A protection alternate to CO-2
of an FM Approved gaseous agent protection system or a water mis! system FM Approved for machinery
spaces is recommended. Also, where automatic sprinkler protection is used, the density has been increased
to 0.3 gpm/ft2 (15 mm/min) from 0.2 gpm/ft2 (10 mm/min).

2. Section 2.3 Outdoor Transfomier, recommendalion 2.3.1.2.3 for open pit containment system. Where auto­
matic sprinkler protection is used, the sprinkler density has been increased to 0.3 gpm/W (15 mm/min) from
0.15 gpm/ft2 (6 mm/min). Where a flame arrestar is used to increase the amount of time before· burriing oil
enlers the pit Size No 5 rather than Size No 2 ASTM 0448 Standard Classification for Sizes of Aggregate for
Road and Bridge Construction should be used. Size No 5 is closer to the 1.5 in (3.8 cm) washed and uni­
formly sized rock tested al the FM Global Research Campus.

3. Section 3.1.1, /\pproved and Equivalen! Transformer. A transformer equivalen! to an FM Approved trans­
former is delined as a lransformer with a UL listing per NEC Section 450-23 with electrical protection io clear
suslained low curren! faults. The reference to NEC 450-23 was left out of the previous edition. Transform­
ers complying with NEC 450-23 include four of the live safeguards requested for an FM /\pproved trans­
former. Low current fault protection is the remaining saf'eguard.

May 2003. The following changas were done for this revision: 

1. Tables 2a and 2b Separation Distanc:es. The change al1ows medum sized lransfametS oontaining FM
Approved less ftammable ftuids lo be located as dose lo butldings aod lo olhef' lransformers as smal
transfonners were in the previous standard. This provided thern is adequate space for inspection and
maiutenance.. Mecium sized lraosfumtefS may contain up to 10,000 gal (37.9 m3) of 11\ñd_

2. Seclion 2.3.1.2 Containment. The changa increases lhe quanlity of FM Approved less ffammable fluid
in a transformar before a containment system is recommended. tt ina"eases lhe size ot the transformar to
1320 gal (5 m3) for lransfun,MMS oon1ainmg an FM Approved less ftarrmable fhrids. tt furlhef- ioa-eases lhe size
lo 2640 gal (10 m� ir the fluid is cerfified as biodegradable and if a release does not expos,a navigabl1:t water­
ways. A definition is induded for navigable waterways. The fluid would have to be certified as biode-grad­
able by lhe mspomible !J0'181Tfl'8"1al au1hoñty.

3. Minar editorial changas were made lo Section 2.3.12.1.4.

Janua-ry 2001. The rnoonwnendalion ror lhe smoke detec:tion ror eleclñcal rooms was ffJVised to provide 
oonsistency wi1hln 5-series data sheets. 

September 2000. This revision of the document was reorganizad to provide a consistent fonnat. 

The following maj« dlanges have been made: 

a) Addition of emergency power supply recommendation for mechanical venhlation (Section 2.2. 1.1.3).

b) Change requirement ror smoke del9clion to fue detection (Section 2..2.1.1.4).

e) Add recommendation for location of rooms containing network transformers to outside wall where
possible (Section 2.2.1.2}.

d) M<ilion d tire protection reoonw.iendations for mulfiple indocx 0t1 insulated transfonnefs {Sectioo
22.1.32).

e) Open pits 'Witt'oJt protection acoeptable oootainment for F\iA App«:Ned less flammable fluid insulated
lmnsfonner {Seclion 2.3. 1..2. 12 and 2.3.1.3.1).

December 1998. Editorial changes were made. 

C2005 Fadory Muml lnsurance Company. Ali rights resmved. 
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APPENDIX C SUPPLEMENTARY INFORMATION 

C.1 Other Standards

There a-e three slandards that OOVE!f" lransformers as follows: 

C. 1. 1 NFPA 70, National Eledric Code

Fw-e protection for lransformers is co'lef'ed under Artide 450 of lhe National Eledric Code (NEC). Tus includes 
dry-type. less-flammable ftQUid-msulated, and oil-msulated transfunners instaned both indoors and outdoors. 

Toe maior difference between this data sheet and the NEC is the treatment of PCB--filled or PCB­
contaminated lransfonnefs. Ttiis data sheet reoommends that lhese transfotmers be rep4aced if the loss expo­
sure warrants. NEC and OSHA regulations aHow the use or existing PCB-filled or PCB-contaminated trans­
formers provided they hava been equipped with enhanced eleclrical pmtection. 

C.1.1.1 lndoor Transfonners

Dry-Type transformers 

("50-21b) Oler 112..5 kVA. lnstall in room of fire resistive construdioo. 

Exception 1. Transformers with 175"F (80ºC) risa and higher separated from combushble material by a fire 
resistant heaHnsulating barrier or by a minimum distance of 6 ft (1.8 m} horizontally and 12 ft (3 m) vertically. 

&ceplion 2.. Transformers with a 175"F {80"C) rise or higher rating and complelely eodosed exoept for 
venhlation openings. 

Ovet- 35,000 volts. lnstal in vault (3 hour fue resistance rating for walls and roof). 

(450-23) Less Rammable Liqu;d lnsulated Transformers 

Up to 35.,000 volts.. can inslal in Type I and n buildings provided: a) no combustible slorage; b) a fiquid 
containmenl area is provided; and e) fire point of lhe liquid exceeds 570"F {300"C). 

Over 35,000 volts. Instan within a vault. 

Use of lhese transfonners is anowed when lhey are attached lo, �acent lo, or on the roof of Type I or II ruld­
ings. They may be used in other types of buildings provided fire barriers, spaoo separafion and require­
mants for lhe listing of the liquid are followed. 

Type I bJiding slructural components are noncombusbl>le or fmted combustible and, exoept fof- exterior 
nonload beañng wans. they have a fire resistance rating. Type II building slruciural components are 
noncombustibla or of limitad combustible construction and may not have a fire resistance rating. 

(.fS0--24) Honffammabfe liqmd lnsulafed Transformers 

Up to 35,000 volts. Shan be provided with a liquid confinement area and a pressure relief venl 

Over- 35.000 volts. Shall be instaned m a vault. 

(450-25) Askaref fnsufated Transformers 

()ve(- 35,000 volts. Shatl be instaned in a vautL Also see OSHA regulations. 

Off lnsulated Transformers 

(<450--26) lndoofs.. Shall be insta1'8d in a vautt. Toe following excepoons apply: 

1. ff totar capacity does not exceed 112.5 kVA, the vault can be oonstructed of 4-in. (102 mm) thick reinforced
concrete.

2. lf vollage do8S not exceed 600 and total transfonner capacity does nol exc:eed 10 kVA,, the transformer
may be inslaDed in a combusbl>le butlcfmg; or if transformer capacity does exceed 75 kVA, the trans­
formar may be installed in a buildmg of fire resistant construction.

3. 00-insUated lrdttsfofmers can be used in a detached bUllding_ if lhe butlóng does not present a fire
e>cpOSUre to olher buikfings or property and if it is used only lbi- electric senñce and is acca..�ble only to
qualified persons.
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C.1.1.2 Ouldoor Transfonners 

Combustible material, combustible buildings, door and window openings shall be safeguarded from fires in 
oil -insulated transformers. Methods of achieving this are space separation, fire resistant bani8fS, auto­
matic wattJt- spray and enclosures to confine oil from a ruptured transformar. 

C.1.2 NFPA 850

NFPA 850. Fim Protec.fiofl fix- Fossil Fueled Sfeam Electric Generating Pfanrs, conlains rocommended 
pradices for bolh indoor and outdOOf" lransformers. 

There is no conflict with NFPA 850. 

Tt.s data sheet gi'Yes separata distances between lransfomtef- and bulldings basad oo the quantity of fluid 
in lhe lransformer and lhe type of construction of lhe bUJlding. NFPA 850 assumes lhat lhe bU1lding conslruc­
tion will be noncombustible (typicany insulated metal on steel trame) and gives spacing basad on the volume 
of ftutd m lhe transforrn«. The separation dlstances gfven in lhis data sheet are lhe same as lhose glven 
in NFPA 850 for lhis type of construdion. 

This data sheet allows separation, baniers or water spray pmtection to be usad to protect transformers. NFPA 
850 recommends that oi1-fi0ed main, station service and startup transformers be protected by water spray 
Of foam wattJt- sys\ems. 

C. 1.2. 1 lndoor Transformers

Whern oa-fi1led transfomlers of gmater lhan 100 gal (380 dm� 01l capacity are inslalled, lhey should be 
separaled rrom adjacenl areas by fire baniers of 3 hr fire resislance rating. Where an automatic fire suppres­
sion system is provided, the fire barTier rating may be reduced to one hour. 

C. 1.2.2 Outdoor Transfonners

Where transformers are in excess of 500 gal (1.9 m3) oil capacity, a 2-hr-rated fire barrier or space separa­
tion is needed to protect adjacent structures induding other transformers. The space separation is depen­
dent on lhe quantily of oil in the transformer. T-wen\y-five feet (7.6 m) is needed foc 500 to 5,000 gal (1.9 to 
19 m3); 50 fl (15.2 m) is needed where quanlities are in excess of 5,000 gal (19 m3). Where a fire wall is 
not provided, the edge of the oil spíll (dike) must be a minimum of 5 ft (1.5 m) from the exposed structure. 

In ackfition, oil..filed main. station ser-vice, and startup transfomtef-s should be pro(ected by water spray or 
foam-water syslems. 

C.1.3 IEEE Ski 979-1984

Flre protection guidance for indoor and outdoor substalions is covered in the ANSI/IEEE Std 979-1984. 

Thefe is a óiffereoce wittl regard \o separattoo distances... Tus data sheet recommends a 25 ft (7 .6 m) sepa­
ration betweoo mneral oil insulated transformers contatning from 500 to 5,000 gal (1.9 to 19 m3) and 50 f't 
(15.2 m) separation between transformers continuing in excess of 5,000 gal (19 m3) of mineral oil. Water spray 
ora 2-hour raled firn harnee arn gi"en as altrunatives. 

IEEE 979 recommends 30..ff separation beh\'een transformers with more than a 333-kVA rating (approxi­
mately 100-150 gal (0.38-0.57 m3)). An automatic extinguishing system or a 1-hour fire barrier are given as 
al\ematiwis. 

C.1.3.1 lndoor Transformers

The use of oil-filled equipmenl ifls¡de a buMing is <fiscooraged. lf oil-filled transfonne.-s are usad, a mmsftxmoc 
room u- vault -w.\h a fire rating sufficient to wilhstand lhe largest credible fire is recommended. tnstallation 
of fixed fire extinguishing systems and containment is also recommended. 

C.1.3..2 Outdoor Transformers

Spacing of transformers from buildings depends on the quantity of oil contained witJ:iin the transformar. Trans­
formers containing 2000 gal (7 .6 m3) or more of a.l should be a minimum of 20 ft (6.1 m) from an exposed 
wl<ing regardless of proleciioo provided. lt is reoommended lhat a min.mum separation distance of 50 ft 
(15.2 m) from bU1ldings be usad unless the building has wal!s equivalent to or are prolected by a 2-hour fire 



Valid Through May 2005 

5-4 Transformers 

Page 34 FM Global Property loss Prevention Data Sheets 

barñer. 1he separation distance for transfunnef's contairing smaller amounls of � ranges from 10 ft (3 m) 
for75kVAorless. lo20ft {6.1 m)forlransformers from 76 lo 333 kVA, and 30 ft{9.1 m) formore lhan 333 kVA. 
Oil containment systems ara also recommended in lhe form of yardstone, diked areas and pits. 

A separatioo distance betweeo large transfomlers of 30 ft (9.1 m) of dear space or a one hour fire barrier 
is recOI n,,iended. 

Also automatic extinguishing systems should be considerad for ali liquid-cooled transformers except those 
thal are adequatety separated or that contain less than 500 gal (1 .9 m� of combustible transformar liquid. 

C.1.4 Code of Federal Regufations: Parl 761-Pofychforinafed Biphenyfs (PCBs}

The folkMing mgu\a\ions and 11st of definitions are excerpls from lhe Code of Federal Regumtions: Part 
761--Polychlorinaf Biphenyfs (PCBs} Manufacturing, Prooossing, Distribution in Commerce, and Use 
Prohibition. Subpart 8-Manufacturing, Processing, Distribution In Commerce, and Use of PCBs and PCB 
/tems. § 761.30 Authorizations. 

WUse in and servicing of transformers {other lhan rai1road lransformers). PCBs at any concentration may 
be used in transformers and may be used for purposes of servicing inciuding rebuilding lhese transformers 
fot lhe remaindar of ttleir useful lives, sub¡ecl lo lhe following cooditioos: 

1. Use conditions.

a) The use and slorclge fot rn-use of PCB uansformers Ulat pose an mcposum ñsk lo food or feed is
prohbited.

b) Toe use of network PCB transformers in or near commercial buildings is prohibited excepl for:

i) Al � PCB lTansfonners wilh secondary voltages below 480 volls in or neaf commercial bulld­
ings not located in sidewalk vaulls lhat have nol been removed from service must be equipped Wt1h
el&clrical protection to avoid transformar rupturas causad by high current faufls, or must ba removed
fromsenrice.

ii) Gurrnnt-rimiting fusas or olher equivalent lechnology must be usad to detect sustainad highl current
faults and provide fof the complete de-eneñgzation of the transformef within tenths of a sacond before
lranskxmer ruplufe occurs. The instalation, setting, and mainleoar.oo of cummt--fimiting fuses or olher
equivalent lochnology to avoid PCB lransformoc ruptums from suslained high current faults must be
completad in accordance 'With good engineering practicas.

e) Toe instalation of PCB transfomlefs, which have been placed inlo slorage for re-use or which have
been removed from anolher location, in or near commercial buidings is prohibited.

d) Ali radial PCB transformers with secondary voltages below 480 volts in use in or near commercial
bullóngs must be equ1pped wi1h elecbical protection lo avoid transfonnef ruplufes causad by high current
faulls.

i) Ct.ffen\..\imiting fusas or olhef equivalen\ lochnology mus\ be used lo deted. sus1ained mgh curren\
faulls and pr'Olride for lhe complete d�nergization of lhe transformar or complete de-energiz;ation
of the faulted phase of the transformer within severa! hundradlhs of a second. Toe installation, set­
ting, and maintenance of cummt-timiting fusas or othar equivalen\ technology to avoid PCB trans­
formef ruptmes from sustained tjgh currerit faüls must be completed in acxxxdance wi\h good
angineering practices.

e) NI radia PC8 baosformers 'wittl secoodary voltages equal lo or greal:er \han 480 volts, mduding
-WOV277 'IIOlt systems in use in or neaf commercial butldings lhal have not been removed from ser-vice
must be equipped wilh electrical protaction to avoid transformar rupturas caused by:

i) High curTOOl faulls.

Current-limiting fuses or other equivalen\ technology must be used to detect sustained high currenl 
faults and provide for the complete de-enerigzation of the transformer within severa! hundradths of a 
second beíofe tank f\4>\ure OCCUfS. 1lle instatlation, setting, and mainteoance of rumml-limmng fusas 
or other aquivalent technology to avoid PCB transformar rupturas from sus!ained high current faul!s 
must be completad in accordance with good engineering practices. 
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· ii) Suslained low current faulls_ Be equipped wilh prol.ection lo avoid lransfonn&f' �tures causad by 
sustained low 01rrent faulls..

iii} Pressure and temperatura sensors (or other equivalent technology which has been damonstrated
to be effective in early detection of sustained low current faults) must be used.

iv) Disoonnecl equipment must be provided lo insure complete � of lhe 1ransformer in 
the event of a sensed abnonnal condition causad by a sustained low current faurt. The disconnect equip­
ment must be oonfigured lo operate au\omatically within 30 secoods lo one minute of lhe r8Ce1J>l of
a signal indic:ating an abnonnal oond"mon. The disoonnect equipm9nt can also be t'Oflfigured lo allow
for manual de-energization from a manned on-site control center within one minute of the receipt of
a signal indicating an abnormal condition. lf automatic operation is selected and a circuit braaker is
utifized for disconnection_ it musl also have lhe capability lo be manuany opeoed if neoossary.

v) The enhanced electrical protective system required for the detection of sustained low current faults
and the de-energization of transformers must be pmper1y instatted, maintained, and set sensitiva
enough lo detocl sustamed low wrrent faulls and allow fuir rapid �ization prior to· PCB \rans­
former ruptura (either violent or non-violent ruptura) and refease of PCBs."

c..2 Trade Mames for Askarels 

Trade Names for lnsulating Uquids having PCBs as a major constituent 

The fonowing is a '1st of sorne typlcal bade names for insulating liquids havlng PC8s as a major oonstitueot.. 

This list is included in the Annex A of the European Standard EN 50195 �code of practice for the safe use 
of fully enclosed askarel-filled electrical equipment". This European Standard was prepared by the Techni­
cal Committee CENELEC TC 14, PO'W'e(' lransforrners, and was approved by CENELEC as EN 50195 on 
1996-07-02. 

The geoeric tenn "askareis" is US9d in this Standard fof lransfomlefS and capacilofs insula\inglcool\ng liquids 
having PC8s as a mai(>r constituenl 

CENELEC is the European Committee for electrotechnical Standardizalion. CENELEC members are bound 
to comply with the CEN/CENELEC Interna! Regulations which stipulate lhe conditions far givtng the Euro-­
pean Standards lhe status of a natiooal standard 'Wilhout any alleration_ Natiooal and Local Authoñty fff any) 
take pñonly. 

CENELEC members are \he na\ional eledrotechnical committees of Austña, Belgrum, Denmalk, Fmland, 
Fmnce. Grnece. looland, treland., ltaly, Luxembourg, Netherlands, NOJWay, Portugal, Spain, Sweden, 
Switzertand and United Kingdom. 
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Tabl& 7. Sorne Typicaf Tradfl Names for Asf<are1s 

»MleNBme Afanufadumr Country º' Orig1n 
Asbesto! Ameñcan Corporation USA 

A� ACEC Belgium 

Apir'Ollio ca11faro ttaly 
Aroclor Monsanto USA 

Bakda1131 Moosan\o USA 

Clomol Sprague Eleciric USA 

Clophen Bayer Germany 

Diaoof- Sangamo Eleciric USA 

Oycand Comel Oublle USA 

Elemex McGraw Edlson USA 

EucaniA E�Umffies USA 

Hy,,d Aerovo-x USA 

lnerteen Westlnghouse USA 

� �fuchl ' .Japan 
� Wagnet"E1edñc USA 

Pyralene Prodelec France 

Pyranol General Elec1Jic USA. 

PyTodof- Monsan\o Gteat Btiram 

Saf-T-Kuhl Kuhlmann Electric USA 

Sovtol/Sovol/Solvol SovloUSovol SovtetUnlon 

Ugiile(;t 1 
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1.0 SCOPE 

This data sheet deals with the production of hydrogen by the catalytic steam-reforming method. The method 
described uses natural gas (methane) as feed stock. This is the method used in most ammonia synlhesis 
plan Is which are, by far, the largest consumers of the hydrogen element. Similar equipment, especially for the 
primary reforming stage as described herein, is also used lo produce hydrogen in other industries includ­
ing the food industry for hydrogenalion, synthesis of various other hydrogen containing compounds, and the 
production of pure hydrogen for bulk sales. 

A description of reforming equipment is given along with operating problems and loss experience. 

Recommendations are sel forth for operation, inspection, and maintenance of the equipment. 

1.1 Changes 

January 2000. This revision of the document has been reorganized to provide a consisten! formal. 

2.0 LOSS PREVENTION RECOMMENDATIONS 

2.1 Equipment and Processes 

2.1.1 Provide reformer furnaces with combuslion controls and safeguards in conformity with Data Sheet 6-1 O, 
Process Fumaces. 

2. 1.2 Provide low water alarm for cooling water jackels of transfer header and secondary reformer, and
provide means for testing same.

2.1 .3 Provide sufficient inspeclion ports in furnace walls to permit observation of ali reformer tubes. 

2.1.4 Consider installation of creep moniloring devices on outlet headers of primary reformer (See Fig. 1 ). 

2.1.5 Specify and procure tubing of superior quality for reformer tube service. 

2. 1.6 Provide a reliable source of emergency cooling water for mechanical and pressure equipmenl in lhe 
event of failure of normal supply due to loss of electric power or other occurrence. 

2.1. 7 Provide for sufficient emergency boiler feedwater supply in arder to genera te steam required to cool 
\he reformer and to reduce its temperature in such a manner to avoid cracking of the tubes and headers. 

2.2 Operation and Maintenance 

2.2. 1 Operation 

2.2.1.1 When loading, determine and record the weight of catalyst loaded to each tube. 

2.2.1.2 Maintain steady state conditions in the reformer as far as possible to avoid thermal cycling of tubing. 

2.2.1.3 Make regular visual observations of reformar fumace lhrough peepholes during each shift and log 
such observations noting any changing conditions, e.g., development of tube bulges or fissures, or deterio­
ration of refractory materials .. 

2.2.1.4 Conduct routine scans of tube \emperatures each shif\ úsing reliable pyrome\ric equipment. 

2.2.1.5 Conduct weekly infrared thermal imaging scans of the secondary reformer to detect possible "hot 
spots" in the pressure boundary shell that may be indicativa of deteriorating refractory lining. 

2.2.1.6 Keep reformers hot during shutdowns of less than seven days unless work must be done in the 
reformer. 

2.2.1. 7 Do not operate primary reformer without steam. 

2.2.1.8 Maintain catalyst in optimum condition by complete desulfurization of feedstock, use of demineral­
ized water for generating process steam, and avoidance of co'n�ensate formation in the reformer during shut­
downs. 11 should be noted that the effect of a relatively small sulfur concentration in the feedstock is to 
dramatically increase tube wall temperatura. 

©1999 Factory Mulual lnsurance Company. All righls reserved. 
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Wire Type 

Heo<ler Pipe 

Bond {SS 317) 

Welcled To Heoder 

Bond Type 

Rg. f. °"'1 mouibing devices. 

2.2.1.9 To provide proleclion during shutdown in extremely code wealher: 

a) Purge sleam and water from reformer lubes with inert gas such as nilrogen or C02.

b) Drain all water jackets. 

e) Provide double block and bleed drains at any point where steam or water could be admitted 1
1

0 the 

unit.

d) Keep reformer tubes warm by means of a few burners or lazy flame.

2.2.1.1 O Maintain oplimum adjuslment of firing to provide uniformity from row to row of tubing and the bes! fea­
sible heat flux profile from top to bottom of the tubes. 

2.2.1.11 Avoid sudden pressurizing and depressurizing of reformer tubes. 

2.2.1.12 Observe precautions to preven! overheating of activated carbon used to desulfurize natural gas. 
lgnilion temperature can be as low as 430ºF (220ºC). 

©1999 Factory Mutual lnsurance Company. Al! rights reservad. 
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2.2.1.13 Emergency shuldown procedures should be written, posted, and explained to operating person­
nel. Periodic emergency shutdown procedures should be pul inlo practica by holding simulaled emergency 
drills. 

2.2.2 Maiitdwoancé 

2.2.2.1 To preven! developmenl of "hot spots," vibrate tubes during tumarounds to eliminate voids or channels 
formed by catalyst shrinkage. 

2.2.2.2 When catalyst activity loss becomes noticeable, change catalyst with mínimum delay. 

2.2.2.3 Make interna! inspection of secondary reformer al each calalysl change. Examine refractóry closely 
for cracks or olher deterioration. Make necessary repairs or replacemenls if deterioration is severe. 

2.2.2.4 Conduct comprehensive inspeclion of all refonner lubes on al leas! an annual basis. lnspection should 
include complete scanning of all tubes for creep and magnelic permeabilily (if applicable) with continuous 
recording of readings for fulure reference in eslablishing lite expeclancy. 

2.2.2.5 Scanning for mid-wall disconlinuilies by either !he high frequency eddy curren! or ullrasonic "through­
transmission" technique is also recommended annually. 

2.2.2.6 Schedule mainlenance and inspections to minimize the need for shutdowns during cold weather. 

2.2.2. 7 Mainlain supporl syslems and olher devices provided lo accommodale thermal expansion of lubes, 

headers, risers, and collection manifolds in good calibration and condition. 

2.2.2.8 Keep temperature measuring instruments in a good stale of repair and calibration. Give all opera­
tors the same instructions to minimize differences in readings from opera\or in\erpreta\ion. 

2.2.2.9 Follow calalysl suppliers' detailed instructions for loading, start-up, operation, shutdown, and removal 
of catalyst. 

2.2.2.1 O In addilion to normal visual and pyrometer checks by shift operators, conduct weekly optical 
pyrometer surveys of piglails, tube supports, headers, manifolds, lransfer fines, and secondary reformer 
shells. 

2.2.2.11 Check for free movement of ali parts, e.g., lube supports and furnace penetration seals, to ascertain 
there is no restraint to expansion and contraction of tubes. 

3.0 SUPPORT FOR RECOMMENDATIONS 

3.1 Loss History 

During a recen! ten year period, 57 reformer losses were reported al FM Global insured properties.: Forty­
seven of these occurred in ammonia synthesis plants. T he balance involved reformers producing hydrogen 
for the following processes: 

- No.olLosses 

Hydrogenatlon In the food lnduslry 4 

�produdion 3 

Potyols productlon 1 

Fuooral akx>hol produdlon 1 

Bult sales d hydlogel• ,o 

©1999 Faclory Mutual lnsurance Company. Ali ri9hls reservad. 
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The 57 reported losses resulted from failure of the following parts: 

,;.._.Refotme(s No. ofLosses 

Catalyst tubes (single and mufttple) 13 
�.headefs: 13 

Steam Pf9heatw tubes 7 

Outle\ plglalls 6 

Transfer Unes 5 

Riser tube 1 

N6�blbe 1 

Gas feeder llne 1 

Cataiyst 1 
Fumace � 1 

49 

6 

8 

3.2 lnspection of Reformer Tubes 

Although there is no single "best" method available for inspection of reformer tubes, severa! methods are use­
ful in the detection of "bad tubes" that should be replaced. None of these methods, however, provide a guar­
antee thal any given tuba will not fail befare the next tumaround. 

Tube inspeclion, as defined here, is intended to identify tubing which should be retirad in advance of onstream 
failure. A single tube failure and resultant unplanned shutdown can cause a loss in production of hundreds 
of thousands of dollars. This potential economic loss, coupled with the possibilily of additional mechanical 
damage to lhe unit as a result of the upset, justifies the expense of a comprehensive and regular fumace 
tube inspection program. Brief descriptions of available inspection methods follow. Further details on vari­
ous types of non-destruclll/8 ex.amlnation are glven In Data Sheet 17-1. Nondastructrve Examination. 

3.2. 1 Measuremént of Metal Creep 

Measurement of localized suspicious areas can be readily spot checked by girdling lhe tube wilh a very flexible 
tape or strip of paper about ½ in. (12. 7 mm) wide and long enough to go around !he tube with several inches 
to spare. Mark the original circumference on the tape as a reference. By slipping the tape around the tube, 
swelling may be readily delected. 

A comprehensiva examinatíon can be done with mínimum downtime using an eleclronic tube caliper which 
fits around the tube and can sean full tube length. lt is propelled by a winch and cable attached to an alu­
minum mast. Reformer tubes can be scanned al the rate of about ten per hour. No �affo\ding is required and 
the catalyst can remain in place. Tube dimensions are indicáted on a recorder output which also provides 
a permanent record of the tube sean. Accuracy is reported to be ± 0.005 in. (0.127 mm). 

3.2.2 Measuremeot of Mágnetic Permeabmfy 

Localizad suspicious areas can be spot checked for magnetic attraction by means of a small permanent 
magnet. Any area having an altraction, however slight, is an indication that deterioration is in progress and 
the location should also be checked for creep. 

Equipment is available to conduct comprehensiva scans of reformer tubes for magnetic permeability employ­
ing a low frequency eddy curren! method. The equipment is designed lo rapidly sean enlire tube lenglhs 
using a pulley system operated from lhe furnace floor. 

©1999 Faclory Mutual lnsurance Company. AII rights reservad. 
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This technique uses a higher frequency than is employed for measurement of magnetic permeability and 
permits direct detection of intemal (mid-wall) discontinuities such as fissures. However, the non-honiogenous 
character of grain structure in casi materials such as HK-40 produces a strong interference which 'masks 
the presence of cracking unless the cracks are quite close to the surface. 

3.2.4 urtrasonic Flaw Def8ction 

A. method of ultrasonic inspeclion based on the "through transmission" technique employing two crystals

has proved reliable for detection of mid-wall fissuring. Equipment has been developed which permits scan­
ning a 40 ft (12 m) tube in about 10 minutes including set-up time. 

3.2.5 Ramographic F1aw Detection 

Radiography permits location of cracks or fissures in the tube wall; however, since radiography has a finite 
sensitivity the cracks mus! be sufficienUy large in arder to be detectable. Sensitivity may be reducéd when 
the catalyst is in place. Also, nonradial crack orientation, characteristic in centrifugally casi HK-40 tubing mate­
rial, creales deleclion problems. Radiography, lhough no! practica) for general lube scanning, has proved 
valuable as a means of confirming localized Índicalions provided by olher scanning methods. 

3.2.6 Television F1aw Detecoon 

Scanning of inside tube surfaces by closed circuit TV is practica! and has applicalion in certain cases. lt is 
not, however, considered a generally applicable method for regular turnaround inspeclion programs because 
it requires removal of the catalyst. In addition, it allows detection of corrosion or cracking only on the inside 
surfaces, and provides no indicalion of mid-wall conditions. 

Standard dye penetran! techniques using either fluorescent or red dye are useful for detection of cracks in 
or adjacent to welds in reformer tubes, manifolds, pigtail connections, etc. 

4.0 REFERENCES 

4.1 FM Global 

Data Sheet 6-1 O, Process Fumaces. 

Dala Sheet 7-94112-22. Ammonia Synfhesis Units. 

Data Sheet 12..:14, Waste Heat Boifers. 

Data Sheet 12-17. Waferfube BoiJe#s. 

Dala Sheet 17-1, Noodestructive Examination. 

4.2 other 

ASME Boiler and Pressure Vessel Code, Section 11, Materials. 

ASME Boiler and Pressure Vessel Code, Section VIII, Rules for Construction of Pressure Vessels.
1 

APPENOIX A GLOSSARY OF TERMS 

Re�: the thennal or catalytic conversion of petroleum compounds into more volalile products. The

conversion may include cracking, polymerization, dehydrogenalion, and isomerization. 

APPENDIX B OOCUMENT REVJSION HISTORY 

This data sheet was originally published in Oclober 1981. 
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APPENDIX C DESCRIPTIVE INFORMATION 

C.1 General

The necessity for increased agricultural production per acre, and !he wide use of nitric acid, nylons, urea­
base plastics, etc. has created a very heavy demand on the chemical industry to fumish increasing sup­
plies of ammonia. Larger plants operating at higher temperatures and pressures have taxed construction 
materials and melallurgical know-how. The rapid growth in demand for ammonia has left little lime to 
adequately test man y of !he materia Is being used in !he harsh environment encountered during certain phases 
of the ammonia synthesis train. Of particular concem is the extremely high temperature involved in the 
reforming process to liberale free hydrogen from the feed stock. 

In areas of !he world where natural gas is in short supply !he use of naptha, a petroleum refinery by-product, 
is coming into prominence as feed stock and reformer fumace fuel. Dala on special problems wilh the use 
of naphtha will be published as accumulated. 

Other hydrocarbon feed stocks less frequently used in lhe production of hydrogen are LPG (propane and 
butane), natural gasoline, fuel oil, and crude oil. 

C.2 Description of the Reforming Process

Ammonia (NH3) is a compound of nitrogen and hydrogen which does not occur natural/y in signifidnt quan­
tities on this planet and hence mus! be synthesized. In a typical ammonia synthesis plan! the sources of ele­
ments comprising the ammonia molecule are respectively: 

�. Hydrogen from water {H
2
O) and na\urally occurring me\hane (CH4) gas. 

2. Nitrogen from !he atmosphere.

In !he steam-reforming process, natural gas (methane) is decomposed in the primary reformer with the aid 
of steam and heat in the presence of a nickel catalyst to separate !he hydrogen as follows: 

CH4 + H2O --t CO + 3H2 

The mixture of steam and desulfurized natural gas is compressed to approximately 500 psi {3447 kPa} and 
preheated to about 900ºF (482ºC). Partial reforming is accomplished as this mixture passes through the cala­
lyst filled primary reformer tubes. The reforming process is endothermic. Heat is supplied by !he burning 
of natural gas or oil in a refractory-lined fumace surrounding the reformer tubes. Temperalures in lhe reformer 
tubes may range as high as 1800ºF (982ºC). 

The effluent gas leaving !he primary reformer tubes is composed of varying percentages of unreformed meth­
ane (CH4), hydrogen (H

2
), carbon monoxide (CO), and carbon dioxide (CO2). About 7�% �f the natural gas 

feed stock is converted to raw synthesis gas which enters the collection (outlet) headers al temperaturas 
generally in excess of 1400ºF (760ºC). Risers from !he collection headers connect into an insulated and usu­
ally water-cooled transfer line through which the gas mixture passes to the secondary reformer. In !he 
refractory-lined combustion chamber of the secondary reformar, preheated compressed air (the source of 
nitrogen) is introduced. The mixture then passes through a series of nickel catalysl'beds. The reaction in this 
section is also endothermic. The heat required for this reaction is generated by combustion of the unreformed 
methane in the effiuent from the prirnary reformer. 

The reformed gas leaving !he catalyst beds enters a quench section where water sprays reduce the gas tem­
peratura to about 500ºF (260ºC) and produce steam needed in the carbon monoxide (CO) shift converter. 
The reformed gas next enlers !he CO shift converter vmere il passes through an iron oxide catalyst bed. Reac­
tion with steam converts the carbon monoxide in !he gas stream to carbon dioxide and simultaneously pro­
duces more hydrogen. From the CO shift converter the gas mixture continues through the synthesis !rain 
to the eventual production of the ammonia produd {see Data Sheet 7-94/12-22, Ammonm Synthesis Vnits). 

C.3 Description of Primary Refonner
. 1 

In older ammonia plants the primary reformer served severál purposes. In addition to reforming !he gas/ 
steam mixture it was !he heat source for preheating process air, process gas, arid feédwaler for the waste 
heat boiler, as well as superheating process steam. 

191999 Factory Muluar lnsurance Company. Arr righ!s reservad. 
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In modern synthesis plants the reformer (Fig. 2) is only for reforming the gas/steam mixture. An auxiliary 
boiler, either gas or oil-fired, is employed to produce steam in the 1500 psi (10342 kPa) range for driving the 
system compressors. The auxiliary boiler is located immediately adjacent to the primary reformer and both 
are served by common torced draft (FO) and induced draft (ID) fans and combustion air preheater (se� Figure 
3). 

The convection section of the auxiliary boiler is the source of heat for superheating lhe high pressure sleam 
and preheating process air to the secondary reformer, feedwater to the auxiliary ahd waste heal boilers, 
and the air/gas mixture to the primary reformer. 

The process gas from the secondary reformer flows to the vertical U-tube "bayonet"-type waste heat boiler 
which is located downstream of the secondary reformer. The boiler recovers waste heat from the process 
gas. A cross section of the boiler is shown in Figure 3a. lt is made up of an outer water jacket surrounding 
the shell. The shell is insulated intemally and there is a protective shroud, usually made of a type of stain­
less steel, to separate the process gas from the insulation. The shroud is usually fabricated in sections and 
fitted together with slip joints. Conical gas shields are installed between the shell and the shroud to pre­
ven! gas leakage through the insulation. 

The tube bundle is made up of "bayonet" and "scabbard" tubes. The "bayonet" tubes, approximately 1 in. 
(25 mm) O.O., are inserted into the "scabbard" tubes, approximately 2 in. (50 mm) O.O. Toe "bayonet" lubes 
supply the feedwater to the "scabbard tubes". The tube bundle also contains gas baffles lo direcl lhe flow 
of process gases over the surface of "scabbard" tubes. The enlire tube bundle assemb!y is inserted into the 
gas space enclosed by the shroud. 

©1999 Faciory Mutual lnsuranca Company. AII rights reservad. 
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For further information aboul waste heat oolers, refer k> Dala Sheet 12-14-, Wasle Heal lble,s; and about 

watertube boilers, k> Dala Sheet 12-17, Waferlube Boilers. 

The primary reformer consists of banks (sometimes referred to as "harps") of vertical tubes focated in a 
refractory-fined furnace which is fired by natural gas. The shape of the furnace, the arrangement of !he tuba 
banks, and the positioning of the bumers varíes with !he design. Figure 4 shows typical designs. 

The reformer (ar catafyst) tubes normally range from 2.5 in. (63.5 mm) to 5 in. (127 mm) inside diameler 
with wall thicknesses up to 1 in. (25.4 mm). Tube fengths ranga from 30 to 40 ft (9.1 to 12.2 m) or more and 
usually consist of 8 to 1 O ft (2.4 to 3 m) sections wefded together. The top ends are provided with either 
bolted ar wefded covers for loading the catalyst. The gas/steam mixture is introduced through flexible con­
nectors near the top. In sorne designs the bottom ends of the tubes connect directly into the outlet mani­
folds (Fig. 5). Other designs provide ouUet loops ar pigtails to permit expansion and contraction of the tubes. 
Because of the considerable length of the reformer tubas and extreme variations from cold to operating tem­
peratures, !he design of suspension systems mus! lake e.xpansion into consideration. The melhods pre­
ferred by most designers completely supports the tubes from the upper ends so that they are free to expand 
downward. Figure 6 is a schematic of such a system and Figure 7 shows details of the support assembly. 

C.4 Refonner Materials

In most present installations, reformer tubes are of centrifugally casi HK-40 stainless steel. This is a high 
nickel/chromium alloy intended far high temperature and corrosive service. Other high nickel/chromium alloys 
are in use, primarily for tube to manifold connections, manifolds, risers, and transfer lines. The most com­
mon of these are lncoloy 800 (lntemationaf Nickel Ca.) and Supertherm (Abex Corp.). Far reformer tubes, 
however, HK-40 stainless remains the workhorse of the industry. The chemical and physical properties of sev­
era! reformar materials are shown in Table 1. 

©1999 Factory Mutual /nsurance Company. Al/ rights reserved. 
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HK-40. Refonner tubes of this material are subject to progressive deterioration which takes place through­
out the thickness rather than from the surface. In the initial stages it can only be detected by metallographic 
examination. A phase change occurs in !he material, rendering it briltle. 11 is evidenced by lhe slow forma­
tion of carbides, ferrite, and sigma (a very hard and britlle phase which occurs al the grain boundaries in steel 
alloys subjected to elevated temperatures for long periods) accompanied by loss of ductibility and creep 
of the material. The rata of formation varíes with time and temperature. The critica! temperatura range appears 
to be between 1400ºF (760ºC) and 1600ºF (871 ºC) but formation has taken place at lower and higher tem­
peratures. Sorne success in restoring physical properties of HK-40 tubes has been achieved by periodic 
annealing treatments. This requires that the material be brought up to about 1950"F (1066ºC) far a few min­
utes to dissolve the carbides and sigma; thus restoring the room temperature ductility. 

The nonnal failure mode of HK-40 tubes is by longitudinal cracking or splitting which sometimes occurs after 
only two to three years of service. The failure is usually preceded by a change in !he material from nonmag­
netic to magnetic and is nearly always preceded by a measurable amount of creep evidenced by an increase 
in diameter. 

Failure of HK-40 tubes also occurs, but with much less frequency, in two other modes. 

1. Catastrophic oxidation. This is a ruptura type of failure at a thinned area caused by localized interna! cor­
rosion. lt is believed to be caused by an abnormality al the timti of manufacture.

2. Weld cracking. This cracking occurs in or adjacent to circumferential welds in !he tubes, usually in the hol­
test part of the fumace. They are generally considered to be c�used by thennal stresses. lt has been
observed that such cracks often exist for years without completely penetrating !he tube wall, which sug­
gests that they are self-relieving.
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7-72
12-10
Page 12 

�­
ges inlet 

Valid Through May 2005 

Catalytic Steam - Hydrocarbon Reformers 
FM Global Property Loss Prevention Data Sheets 

r---- Jkformer 

gas inlel 

urners 

©1999 Factory Mutual lnsurance Company. AII rights reservad. 



Valid Through May 2005 

Catalytic Steam - Hydrocarbon Reformers 
FM Global Property Loss Prevention Data Sheets 

lnc:on.l 
Sheottii1 ,g 

Cost Tube 

lntonel Bond 

F,g. 5. Bot#om manifold constntction 

©1999 Factory Mutual lnsurance Company. AII rights reservad. 

7-72

12-10

Page 13 



7-72
12-10
Page 14 

Valid Through May 2005 

Catalytic Steam - Hydrocarbon Reforrriers 

()ut\et· 
Mon� 

FM Global Property Loss Prevention Dáta Sheets 

pport S1eel

t 

oin 

©1999 Factory Mutual lnsurance Company. Ali rights reservad. 



V;cilici Through May 2005 

Catalytic Steam - Hydrocarbon Reformers 
FM Global Property Loss Prevention Data Sheets 

Tubes 

Stiff. 

Welded Eye Rod 

Sprinq 

sul 

Pipe Sleev 
W/Thru Bolts 

©1999 Factory Mutual lnsurance Company. Ali rights reservad. 

7-72
12-10

Page 15 



V;:ilid Throllgh l\fay 2005 

7-72
12-10 Catalytic Steam - Hydrocarbon Reformers 
Page 16 FM Global Property Loss Prevention Data Sheets 

lncoloy 800. Operating experience indicates that lncoloy 800 is better suited for reforrners than HK-40; how­
ever, the usual choice of HK-40 over lncoloy is one of economics in inilial cosl. While sorne lncoloy 800 
tubes have been in operation for over ten years, failures have been experienced in this material after less 
lhan two years of service. The lype of delerioration to which this material is subject differs from thal occur­

ring in HK-40 in that it starts on the hot surface and progresses into the material. The detective areas are gen­
erally rather small, covering 4 to 8 in.2 (26 to 52 cm2) and are difficull to detect by visual examination. Creep

and/or change from nonmagnetic to magnetic condition are the major indications that the metal is deterio­
rating. Careful measurements of tube circumference should also reveal swelling. The amount of swelling due 

to creep varíes with time, temperatures, and pressures to which the material has been subjected. 

Metallographic examination of specimens removed from areas found to be magnelic, usually reveals a con­
dition similar to oxidation. The surface appearance is practically unchanged and lhere is no noticeable reduc­

tion in thickness. The strength of the material, however, is seriously reduced. The microstructure al the 

interface between the magnetic material and the unaffected base metal will show an intercrystalline attack 
affecting !he sound metal al !he interfacing. These conditions are shown in Figure 8. 

Unlike the deterioration taking place in HK-40, this damage is permanent and recovery by heat-treatment 
is impossible. 

Tat,,e f. Properlies d Reformer Maleña!s 

lncoloy 800 ( 1) 

e.bon o.,o max. 

Manganese (malt.) 1.50 

Sulfur (max.) 0.03 

SW!oon(--) 1.00 

Copper (max.} 0.75 

Nk:kel 30-35 

Chromlum 19-23 

Phos;!,hcllfous 

Cobalt 

Tungsten 

Nioblum 

TensilQ stnmgth (mln) psl 75-tOO.OOO 

Yield {lJOint (min) psi 25-50,000 

Elongatioo (mln) In 2 In. 50-30 

(1) lnlema\iona\ Nic'Ke\ Co. (Annealed) 

(2) ASME Coda, Secl. 11 A, SA 351 

(3) ABEX Corp. 

H--30 (2) 
0.25-0.35 

1.50 

0.04 

1.75 

19-22

23-27 

º-�º 

65.000 

35,000 

10 

(4) APV Paramount Ud. (Usad primarily for Outlet Manifolds) 

C.6 Description of Secondary Reformer 

HK-40(2) 

0.35-0.415 

1.50 

0.04 

'1.15 

19-22

2:l-27 

o .. �o

62.,500 

35.000 

10 

Para11oy CR 32 

Super-Thenn (3) W(4) 

0.5 max. 0.10 max. 

0.7 ,.o 

0.03 
1.6 0.8 

35 32 

26 20 

0.03 

15 

5 

1.3 

76.000 

30,000 

32 

Figure 9 shows the general arrangement of a conventional secondary reforrner. These vessels are usually 
buill of carbon sleel and in accordance with the ASME Construction Code, Section VIII. A caslable refrac­
tory lining abou( 10 in. (254 mm) thick protects the shelf (pressure boundary) from the interna/ tempera­
tura which may be in excess of 1600ºF (870ºC). Cooling water is circulated through a jacket that completely 
surrounds the pressure barrier. These units may typically range upward in size from 10 ft (3.05 m) in diam­
eter and 25 ft (7.6 m) in height. 

The usual modes of failure are cracking, bulging, or rupture_ of the shell or heads due to overheating as a 
result of deterioration of the refractory lining. 
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1.0 SCOPE 

This dala sheet addresses tire protection for combustion turbina installations. lt conlains recommendations 
lo prnvant and limit damage from tires and explosions interna! and exlemal to the turbine. Loss experience 
is s.umm�ñmd for both types of incidents. Additional infonnation on protective 8quipmen\, monitoñng, 
mnin!onnnce 0nd les!ing of turbina snfoly oquipmen! can ha found in Dnlo Sheet 13-17, Gns 11.Jrbin&s. 

1.1 Changes 

Sl'plc111IH)r ?rJO;.> N1:w rr'cn111111ri11,J;,lin11 7..'?. 1.1 '1;-i'.; lir-P.n inr.h1rlP.rl fpr r.nmln1stihlP. q;is r1n::ily1P.rs intP.rlockerl 
In '.d111I drJwn 1111, l11rhi11ri fr)r 011r.lnsPd q;1s-firP.d tirrhir1P.s. T11P. rr:<::01n,n1:nrl;ilion fnr 11nP.11dn:a,d r.omb1istion 
turl,inP.s h;icl lie.P.11 r:h:mqcc1 to i11clude q;is turl>ines only. 

2.0 LOSS PREVENTION RECOMMENDATIONS 

llis se,clion provides general r-eoommendalions applying to an gas turbine installations and specilic 
rncommendations appl}.;ng to endosed instanations, including slod-mounted package installations ancl 
installations in buildings without individual enclosures. 

2..1 Construcfion and Location 

2.1.1. Construct buildings of noncombustible or fire-resislanl materials. 

2. t .2 Pfo'lride two-hour rnloo ftffi proofing f-or struclural steel usad to support t\Jfbme, cnmpressor, oombustot
ami generator.

2.1.3 Prnvide drains, curbs or ramps for lhe gas turbina installation (induding fuel and lube oil s'kids) to 
contain leaks. See Data Shee\ 7--83, Drarnage Sysfems for Rammabre Uquids. The drainage system shou'ld 
be sized ror fhe ronowing: 

a) Con\eols of \he lube oi\ lan\<...

b) The maximum design cfisdlarge of the fixed fire suppression system for 10 minutes.

e) Hose s\r�m demaod fOf 10 minutes.

2.2 Protection 

2.2. 1 Endos-ed lnsra'1:ifions 

Enclosed lnslallntions mny he pmtoctod by total nooding firn prolection sysl0ms. ThR use of FM /\pprovod 
(see /\ppendix /\ for definilion\ fire rnslsl:=mt lubricanls Is 1:m acceplable allerm11ive. 

2.2..1.1 lnsta11 /\pproved heat detectors at oeiting level of the gas lurbine enclosure in aoc-ordanoe with Data 
Sheet 5-48, Auromaric Fire Derecrors. These deteclof's should alarm in a constantly attended area and should 
be m,�oo '° stiu\off lhe fue\ supply. 

Base lempern!ure ra!ing or the deteclof's on the maximum operaling temperature expec!-ed wilhin !he com­
partment. A common raling in the gas turbine, accessory , and generator compartmen!s is 375ºF ( 190ºC). 
However, load comp:-,rtments may require temperature ratings of\lf) to 60(rF {316�C). 

2.2.1.2 lnstall Approved heat or f1ame detector.; on both sidas of the turbina if lhere is space below the turbina 
whern lube oil ar fue! oil can accumulate. 

2.2.1.:� F'rovide comhi,stibte g,1'> d0IPclin11 in g,1s l1irhinr!lcrnnb11stor enclos1irP.s. Interlock tl1P. q;:is s.1fety 
shulofl v�1lvP lo dnsr. rm dr:lr:r:fin11 of :i q;is fp;ik_ 

2.2.1.4 Provide a fixed fire prolection system for the gas turbina endosum. The system should be designad 
to main1am an extinguishing cx:mcen1ralion rora) the rundown time of th0 turt>ine and b) fof lhe time lurbine 
surfüces are above !he auloigni!ion lemperalure of !he fluid whichever is longar. For lubrica!ing oil au!oigni!ion 
temperaturas are typicany 700ºF (371 ºC), fOf fuel oil autoignition temperaturas are SOOºF (260ºC). A mini­
mum tiffl9 of 10 min shou1d be used ir rundown limes are undEl(' 10 min The systtlm shouid be au\omali­
calty adivaled ;md capaNe of remole or manual operation from an accesS1'b!e area. Toe fixed protection 
system may be one of the following: 
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• A carbon-<limóde extingliishing systtlm designad in aoooroanoe wilh Data Sheet 4-11 N, Carbon-Dioxide
E:mngtJishing Sysfems and recnmme.ndation 2_2_ 15_ Gas concenlralions should be 34-o/,. by volume in 
one minute and 30% for the rundown lime of the turbine (see Rg. 1 ).

• AA Approved waler mst system insra!led in acc:ordance wilh manufacturer's instaHalion instructions, NFPA
750, Stnnrlnrd lbr lfm lnsrnllnUon of Wnlor "-fisf Rre ProfodHJn Systems nnd f"9C.'Ot'Tlm9ndation 2.2.1 _¡; (seo
Flg. 1).

• M l\ppn:Yvoo dean agent fi�xlinguishing syslem instaned in accofdanoe wilh lhe manufaclurnr·s
inslrucfions and NFPA 2001, Clean Agenf Rm Extingrñshing Sysmms and recommendafion 2.2-1-5 (sea
Fig. 1).

• Where an existing insraWation is protected wilh a HalOfl 1301 extinguishing syslem it shou'ld be installed
in accordance wilh NFPA 12A, Halon 1301 Extingr.1ishing Sysfems and recommendation 2_2_1.5.

• An automatic sprinkler or water spray system installed in accordance with Data Sheet 2-BN, fnstatrafion
of SprinJder S),sfe.ms or Data Sheet 4-1 N , Water Spray Fixed Sys�s and recommenda6on 2_2_ '4 _ 7 (see
Fig. 1).

• lf less ftammab\e, Approved lubrkan'ts and hydraulii::s fluids ara used, pn>tection is not needed for lubrica­
füm and hydrau'lic systems. lf liquid fue! is used provide detection and fixed protection l'or- amas under
the gas turbina.

2.2._ 1_'.i Whero a gas agenl is uSQd: 

• Provide sufficienl agenl lo produce an extinguishing concenlration in one minute. A lso provide an 8)(tended
discharge to compensate for leakage from the compartment and maintain an extinguishing concentralion
ror lhe n.tndovim time of lhe rurbine_ A minimum time of 1 O mnums or \he actual rundown time of lhe turbina
whichevar is grnater should be used.

• Conducl a full di.sc-harge test to verify thal ex:tinguishing concentrations can be maintained for the rundown
lime of lhe lumine_ lf lhis mst has nol been c-onducted, lhe system should no! be COC1sidered reliable_

• Interlock the compartment ventilalion systern to shutoff on system discharge. Also provide automatic closing
doors or dampers for openings nol normally closed.

22. 1.G V\fhern wa\er mis! is usad:

• Design the system so that it will provide protection for 1 O min or the rundown lime of the turbine whichever
is greater.

• Coodud a discharge t9sl to veñfy lhat .ali nou:his flow Í"*I and clear_

• Interlock the compartment ventilation syslem lo shu!oO on system discharge. l\lso provlde aulornalic closing
doors or dRmpers for openings not normally ctosed.

2-2_ 1 -7 V\fharn automalic sprinlder or waler spray proteclion is usad:

• lnslall automátic sprinkler or water spray protection for exposed oil piping and areas on lhe floor under
lhe lumine wtiem tubriC3ting oil or fu� oil may coflect_

• Preven! dirncl water discharge onlo hol surfaces such as exposed turbine casings.

2.2. 2 Unencfosed Gas Turbmes 

Unenclosed gas turbinas should be prolected by local application systems for specific hazards such as 
booring housings, lube oil tanks and fue! piping. Arna proteclion should be provided for the building. The use 
of �ved tire resisl�nt lubñcan'ts is an acceptable alternativa for lubricating oil hazards_ 

2.2.2. 1 Instan Approved heat or flame deleclors on bolh sidas of lhe turbina if lhern is a space below lhe 
turbine whern lube oil or fue! oil c;in accumulate. 

2.2.2.2 Provide oombusblJle gas de\-ection overll1" oombuslNnf q:-is fir8d unils_ lnlerlock lhe gas safety shul­
off valva lo dose on delecllon or a gas leak. 

2.2.2.3 Provine local ;ipplication proteclion for bearing housings. lube oíl tanks, hydraulic oil and se;il oi l 
systems. See reoommendalion 2.2_2.5 (see Fig. 2). 

2.2.2.4 Instan aulomalic s prinkler protection at ceiling leve!, see rocommendalio·n 2.2.2. 7 (see Fig. 2). 
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2.2_2_ 7 C�1ing mv� protection systems should be designed lo: 

a) Provide 0.20 gpm/ll2 (8 mm/min) over the mosl hydraulically remole 5,000 ft2 (465 m2) area, see Fig. 2.

b) Pro"'de shelding o,- lagging over lhe turbina.

e) l\llow 750 gf)m (2800 dm:,/min) for hose slreams.

dl Provtde a waleir S\1pply adequale for two hours. 

2.2.2.8 Provide dry chemical and!or foam exlinguisher adjacenl lo lhe gas lurbine endosure lo exlinguish 
small oil fires and insulation blankel fires. 

2..3 Equipment and Processes 

2.3. 1 Prevenfion of Infernal Fires and Expfosions 

2_3_ '4 .1 Pro\ride name delec'!ors in tomhuslofs intef1ocked to dose a íuel shu1off valve in !he event of flameoul 
during operation. The time from flameoul lo a>mplete cutoff of íuel should nol exceed 750 miniseconds. 

2.3.1.2 Provide redundan! fuel shutoff valves in gaseous and liquid fue! syslems. Provide a ven! in gas-
4ml!S syslems, and a drain in liquid..fuel syslems local-ed between lhe valves. Toe �t Of" dmin should open 
aulomalicafty on valva dosure. 

2..3.1.3 Insta\\ au\oma\\c drains in lhe combus\o, casings ol gas tumines using liqu.d fueL Tes\ dra\ns annua\ly 
to ensure they operara pmpel1y. 

2.3.1.4 lnspecl lhe fuel syslem al leas! annually during regular cornbustion section inspections, as described 
in Data Sheet 13-17, Gas TiJrbines. 

2.3. 2 Fuer Suppfy 

2.3.2. 1 An-ange fue! oil supplies as recommended in Data Sheet 7-38, Storage Tanks for Aammabte Uquids, 
Dala Sheet 7-54, Narurar Gas and Gas Piping, and Data Sheet 7---53, Uquir;ed Natural Gas. 

2.3.2.2 Arrange natural gas and natural gas piping in ac:cordance with recornmendations in Data Sheet 7---54, 
Natural Gas and Gas Piping. 

2.3.2.3 Proled a vent to the outside for enclosures oonlaining a gas pressure regulator. 

2.3.2.4 Receivers if used should be designed, conslrucmd and !es!ed in accordance with the ASME Boiler 
anti Pfessure Ves"Sel Code. 

2.3.3 Piping 

2_3.3.1 lnsla" l\ppmved shul--off V..,ve(s) in the main gas and liquid íuel rmes leading to lhe fuel manlfolds 
on lhe 9� htrbine. Loca!e vatves near lhe enlrance lo lhe lurbine enclosure. The vatve{s) shoU,d automali­
cally ciase on fire deteclion or when the fire protection system operates. Valvas should oo operable from out­
sme the flfQ ar-ea. 

2.3.3.2 Provide a sys!em to shul off hydraulic and lube--oil from lhe conlrol room ar o!her remole localion 
in the event of fire. 

2_3_3_3 Usie Approved hydrauf1e ftuids for hydraulic systems wheJ'8 possible. The fluid shou1d be Approved 
f-or lhis appfü:-.ation by the g::.s turbina rrmnumcturer. 

2.3.3.4 Provide metal guards for instrumentation in lubricating oil and fuel fines to prnvent accidental 
breakage. 

2.3.3.5 Use safely glass or similar imp�ct-resistanl material for windows in sight glasses. 

2.3.3.6 Fabricam tubñcating CM1 lines of pipe-guard (c:onc:enlric pipes) construction (also knovm as safety 
pl)ing) wilh lhe prn.'>S'-'re line mnning inside lhe drain lme. 

2.3.3. 7 Support rigid piping connec!ed directty to !he lurbine so that failures w,11 not occur from coincidence 
of lhe natural frequency of the p,pmg wilh the rotahonal speed of lhe combuslion turbina 

G:l2002 Fectory Mutual lnsuranca Company. AH lights reservad. 
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2.2.2.5 lf less flammable, Approved lubricants and hydraulic fluids are used protection is not needed for 
lubrication and hydraulic syslems. 

• The lh1ld should be Approved for use by lhe gas lurbine mam1facturer.

• lf liquid fuel is used provide detection and fix� prolection for amas under !he gas turbina.

2.2.2.6 locall application protftction system maybe water misl, m.1tomatic sprin1der or automatic walm- spray 
proloclion. 

Automalic sprinklers or wator spray should be: 

• FM l\pf)toved

• lnslalled in accordance wilh Data Sheet 2--8N. fnstallafron of Sprinkler Systems or Data Sheet 4--1 N, Water

Spray P,xed S)"Sfems

• Designed to flow 30 gpm ( 113 dm3/min) per head



V;1lid l l11n11q'1 M:1y ?OOS 

Fire Protection for Gas Turbine lnstallations 7-79

FM Global Property Loss Prevenlion Data Sheets Paga 7 

22.2.7 Ceilmg le� pro'tection systems should b9 designad lo: 

a) Provide 0.20 gpm/lt2 (8 mm/min) over lhe mosl hydraulically remole 5,000 fl2 (465 m2) area, sae Fig. 2.

b) Pro'lride shielding or lagging ove.- lhe lufbine.

e) Allow 750 gpm (2800 dm:-,fmin) fOf hose slreams.

dl Prov;de a wale,- suppty adequate for two hours. 

2.2.2.8 Provide dry chemical and/or foam exlinguisher adjacenl to lhe gas lurbine endosure lo exlinguish 
small oil fires and insulation blanket fires. 

2.3 Equipment �md Processes 

2.3. 1 Prevention of Infernal Fires and Explosions 

2.3. 1.1 Prollide name detectors in combuslof'S inter1ocked to dose a fuel shuloff valve in lhe event of nameout 
duñng operatiOfl. The time from ftameoul lo complete cutoff of fuel should not exceed 750 m'iffisec:onds. 

2.3.1.2 Provide redundanl fue! shutoff valves in gaseous and liquid fuel systems. Provide a vent in gas-
80l1S systmns, and a dram in ftquid-fue, sys\Qms located belween the valves. The venl °'" drain should open 
auloma!icany on valva dosure. 

2.3.1.3 lnsh1,\I au\oma\ic drams in lhe combuslOf casings of 9as lurbioes usmg '1quid fuel. Test dralns annually 
lo ensure lhey oparate propm1y. 

2.3.1.4 lnspecl lhe fuel syslem al leas! annually during regular combuslion seclion inspections, as described 
in Dal.:i Shael 13-17, Gas Turbines. 

2.3.2 Fuer Suppfy 

2.3.2.1 Amtnga fuel o;\ suppltes as recommended in Data Sheet 7-88, Storage Tanks for Rammable Uquids, 
Data Sheet 7-54, Nafural Gas and Gas p;p;ng, and Data Sheet 7-53, Liquified Natural Gas. 

2.3.2.2 Arrange natural gas and natural gas piping in accordance with recommendations in Data Sheet 7-54, 
Natural Gas and Gas Piping. 

2.3.2..3 Protect a venl to lhe outside fof- enclosures containing a gas pressure regulaloc. 

2.3.2.4 Receivers if used should be designed, construcled and testad in accordancé with lhe ASME Boiler 
and Pressure Ves!;lfll Code. 

2.3.3 Piping 

2.3.3.1 lnslal Approved shut-off valve{s) in lhe ma.n gas and ftquid íuel fines leading lo lhe fue, manifolds 
on lhe gas hnbine. Locate va,ves near lhe enlrnnce lo lhe rurbine endosure. The valve{s) should auromati­
cally clase on fire detection or when the fire protection syslem operates. Valvas should be operabla from out­
sme lhe me ama. 

2.3.3.2 Provide a syslem lo shut off hydraulic and lube-oil from lhe control room or olher remole location 
in the event of fire. 

2.3.3.3 Use Appmved hydrauf,c ftuids for hydraulic systems whi:!nt possible. The lluid showd be Approved 
ro.- lhis appficalion by !he gas turbina manuf-aclurer. 

2.3.3.4 Provide metal guards for instrumenlation in lubricating oil and fuel fines lo prevent accidental 
�age. 

2.3.3.5 Use safety glass or similar impact-resistanl material for windows in sighl glasses. 

2.3.3.6 Fabricam lubricating oi1 lmes of p¡pe-guard (ooncentñc pipes) constructiOfl (mso known as safety 
pl)ing) wilh lhe pmssure line running inside lhe drnin line. 

2.3.3.7 Support rigid piplng connected dimctfy to lhe tumine so lhat failures wm nol occur from coincidence 
ol lhe natural ff9Qt18ncy of \he p,ping wilh lhe rolational speoo of lhe combustion lurt>ine 

�2002 Fac1ory Mutual lnsurance Company. All rights res&rvoo. 
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2.3.3.8 Use welded pipe joinls where pract ica!. Use a lorque wrench lo assemble lhreaded couplings and 
flange halls in fuel and oil p iping. Torque !he couplings and bolts lo lhe manufacturer·s recommendalions. 
Provide �tive lodmg devices lo pmvent unscrewmg of fütmgs. 

2.3.4 EfeclricRf 

2.3.-4.1 Roule instrumt?nla'1oo and control cable whem possible. through areas where lhey would not he 
nxposed by a fire. 

2.3.4.2 Prolecl one set of control and power cables to ac and de lubricating oíl pumps with an Awroved 
ono hour fimwrap. 

2.3.4.3 Protect cable spreading rooms in accordance with the recommendalions in Data Sheet 5-31, Cables
and Bus Bars: protect switchgear and motor control centers in accordance wilh lhe recommendations in 
Dam Sheet 5-19, SWm:hgear and Circuif Bmakers; control rooms in acoordance wi\h lhe recommendations 
in Dala Sheet 5-32, ETecfronic Dafa Processlng Sysfems.

2.3A..4 Protect tnms� in accordance wi\h Data Sheet 5--4, Transformers. 

2.3.5 Hydrogen 

2.3.5. 1 Slore cytinders ou�de or in a separale, weH venlilaled endosurn when possible. 

2.3.5.2 Prolocl lndoor slor0ge of hydrogen cylindors with aulomatlc sprinklar or water spray proloclion ni a 
densily of 0.25 gpmln2 (10 mm/min) ovar and far 20 fl (6.1 m) beyond. 

2.3.5.3 Ot� pro-visions et:lfll-ained in Data Sheet 7-91, Hydrogen. should be íoftowed. 

2.3.5.4 lnslall an excess flow valva and an emergency shuloff valva on lhe supply line where hydrogen is 
suppf,oo from a large �tral s\-orage remota from the building. The emergeocy shololf valve shoold be at 
reacfily accessible locafion and arranged ror remole operafion from lhe control room. 

2..3.5.5 Pro"\de a meaos of "enmg and purging hydrogen cooled generators. Va\-,,,e(_s) shou\d be remo\e\y 
<>pQrab,e from \he con1rol room OT accessible duñng a fire. 

2.3.5.6 Provide a procedure to be followed regarding purging hydrogeh from the generator when mainlenance 
work is to be done. 

2.3. 6 A,r Rffers 

2.3.6.1 Use noncombuslible air lilters where possiblR. 

2.3.6.2 Provide nccess doors or hnlches in inlel. �r-filler endosures \1Sing oombusl.lble filters. 

2.3.6.3 Provide manual firefigh!ing equipment for_ personnel performing maintenance on air filters. 

2.3. 7 Enclosure Venrifafion 

Provide chaln or shafl driven venliialion fans for endosed inslanation ventilation. This reduces lhe possibil­
ity of damage lo molors in event of exhaust seal leaks and reduces the need for operators to leave 
c:on1')8Ylmenl doms open. This should improve gaseous system reliability. 

2.3.8 Heat Recovery Steam Generator Systems

Fonow re<::ommendatmns contained in NFPA 85. Borter and Combusffr>n Sysfems Hazards Code, for 
combined cyde plants using HRSG. 

2..4 Openttions and Mmnlemmce 

2.4. 1 Oevelop an ínspeclion progrnm lisfing enclosum opooings such as doors, psmels, dampors, Ale. and 
enclosure ventilation system intertocks. 

2.4 .2 tns;pecl endosurn openmgs monlhly to verify lhey arn dosed or w,11 dose aolomalic9'1y. Test venlilation 
system inlttrloc:k .1nmml1y lo verify proper operalioo. 
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2.5 Contingency Planning 

2.5.1 Develop a plant fire emergency plan so that fire departments are familiar wilh the hazards and protec­
tion at the facilily. Ton ernergency plan should include inforrnation as to when it would be possihle to shul 
off the now of o,1 to 1ha bemings. This is especial1y necessary for unpro,ected Of partiany pro'9cted buM­
ings. Tha objective is To preven( major sln.ic!ural damage lo fhe building housing lhe turbina. 

3.0 S\JPPORT FOR RECOMMENDI\TIONS 

3.1 loss Hlslory 

3. 1. 1 Exmmaf Rres

3.1.1.1 Summary of Experience Externa! Fires 

The reportoo loss eJCf)erieflCQ to date is from extemal ftres. Externa! fu-e incidents generalty involve lubñcat­
ing oil aodfor fuel syslems. These tires occur outside the gas turbine and expose the turbina .and endosure. 
Table 1 shows location and system involved in 54 tire and explosion incidents. About half the incidents 
oco.m-ed in \he \orbme oompartment. The lower- value property tosses involved bearing sea\ otl fües and insu­
la•ion bllaMet fires. The higher value property losses involved leaks or brea� in lube 011 or fuel l ines. Gas 
line leaks or breaks generally resultad in an explosion followed by fim. 

S.x intidtmts OCCUTmd in 1"8 9ffllarn•or compartmenl Two wern on o,l fims, four wam eledric:al fims involv­
ing '1m hus ducl or collooor affiR. Tim froquency of nn o,1 flf8 in lhn gooornlor a:>mportnmn• is low comparad 
with lhe turbino end lhe combustor. Howevar. proteclion ls needed for this arna. 

Most ins\a1Rations wete provided wilh a fixed proleclion system. The most oommonly us,ed systams were 
carbon ótOXide and Halon 1301. Dry chemical syslems wer-e also used. fabla 2 oles lhe re-ason proteclion 
syslems were nol effective. 

f'ab!rt f. SummaT)" of � -exrnms! frre IOSSt?s in gas furbine instarlafions (f970-t918J by locafion 8flf1 system invo!ved 

tocaf/on tube-oil 

Tu!b'lne oompartment 11-4 

Extmust area 2 
Load tunnel 1 
luinilng geat mldc,surn 2 --· 
ru�s� -

Genemlor nrea 2 
Un'1.nc.,-om I¡ 

T� 25 

Demie-m:,• 

Doors or dampers not closed 
AciUa'lmn sr-.'lem malfuncfuln 
Syst-emnotlns� 

Flre not In protectod area 
Enciosure damaged by tncident 
Total ' 

3.1.1.2 G�>Us Edinguishing Sr.;lnms 

-- -

Sysmm ,m'Olvfld 
Fuel (oil or gas) Urnmown Totaf 

"15 2 31 

- 2 4 

1 
- - 2 

3 - J 
- 4 6 

2 3 g 

20 ;1 54 

No. 

3 
3 
3 
4 
2 

�5 

The losses reportad Are helpful in determining whal should be done to preven! protection system f-ailures. 
Data does nol indude a nurnber of fires in which lhe extinguishing system was successfut in limiting dam::igf!. 
Maoy intidents are not reported because companies do no\ want to attract lhe áttention of regulatofy agen­
cies or the incident was below lhe deductible. 
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A �.nvey vrns oonducted in 1999 oonceming expeñence wilh CO2 syslems Ovef" lhe last few y&aTS. Toe sur­
vey involved fire proteclion engineers responsible for 90 gas lurbine instanalions prometed by CO2 systems. 
Toree fires were reported. Two fi�,s involved fuel oil and one involved lube oíl. Toe fires were extin­
guishod by lhe CO:., syshims. A full discharge �t;moe lesl had OO(Kl conducted for lheso instatlattons. 

/\ geseous agen! syslem for a gas !urbine inslaRalion should be inslalled wi!h larga enough diameler pip­
ing to pennil changes in nozzle sizes. Following a full discharge test it may be necessary to increase the size 
of certain nozzles lo obtain h igher now rates. This lo maintain an extinguishing conoeo1rafion ror the inilial 
disdmrgn and?or- rundown lime or the lurbine. A gaseous agenl syslem should nol be considered effective 
unless an acceptance test has been conducted wilh lhe gas turbina al operaling temperatura. 

3.1. 1.3 Walt!(' Mist (Fine Water-Spray} Syslems 

The phasing oul of halan systems has led lo lhe developmenl of water misl syslems. These syslems extin­
guish liras by a combination of inerting and cooling. lnerting occurs when water misl is drnwn inlo lhe fire 
�lh combustion aw ;md tums to steam. The water mist also cools lhe ftame aod hot surfaces.. There are sev­
era! inslallations in lhe Uniled Slates but no reporled loss expeñence to dale. Water mis! syslems were firsl 
used to protect gas turbine compartments in offshore oH platforms in the North Sea. There have been sev­
era! f-.rns. The systmns have eldinguished the fires successfully without damage to the lumne. Waler m,st sys­
lmns arn FM l\f:>proved as lolal ftooding systems. Their use is limiled to lhe volume and heighl of lhe 
endosum glv!ln In llm Approval Guirle, A publicntion of FM /\pprovals. Thern nrn no systems l\pproved ns 
kx-.J1I nfl{>ffl'..Jllion sys\oms. 

3. 1. 2 lnfemnt Fires Rnd Explosions 

Table 3 fe1)resents oomt.ned slatisfics from FM Global, Edison Eleclñc lnstitute, and lhe NFPA. 

Table 3. Infernal fires and exploslons (1970-1998) 

Gross Property Oamage Cosfs 
Loss Ceust!s Number of LOSS9S (U.S. $fOOOs in 1999 dof7arsJ 

Casing Draln Malfunctlon 5 $ 3490 
Combustor Flameout 10 ' $ 9095 
tgN'fficm Farure 1 $ ,o�o

Leakmg Fuel Vslves and Fuel Swi'!chover 8 $ 3470 
Flashback, Forelgn Llquld. Fauny Regulator, Etc. 9 $ 8064 
Umt.1-.awn 6 $ 1,60 
----------·--

Tolnl 39 $32,289 

3.2 mustnitiv@ Losses 

3. 2. 1 Exlem81 Fires and Exptosions

3.2. 1.1 /\�,anee Test Detects Problem with C02 
System 

A high pressure C02 system was installed to protect four enclosed units at a larga northeast ulility. The 
turbinas were rated al 50 MW(e). The C02 system was arranged with a selector valve so that the inilial supply 
would disch.-rge inlo lhe enciosure where lhe fire was del:ec\ed. A full <fischarge acceptance test was oon­
ducled on Unil 4. A deleclor in Unil 4 was actualed to verify lhal iníer1ocks would shul off !he fue! supply and 
the exhausl system. In addilion the C02 concentration for the rundow n time of the turbine was to be mea­
sured. "'1hen the detec� was activaled the CO2 syst-em disctiarged into the Unil 4 endosure, but lhe inter­
locks for fue-' suppty Dnd extmusl nir wern improper1y ..,...¡md and shulttown Unil 3. Unil 4 fufll supply Rnd 
exhausl con\inued to opernte. CO:., WRS exhaustod from lhe enclosure. After the syslem was properly aligned 
anolhef test �s condur:ted. ll was found lhal CO7 coooentrnlions (X){Jld nol be mainmine-d for lhe run­
down lwne of lhn lurbine. 11 lhn tasi had nol boen oonduclnd, fvt-o unils wou'ld ha"9 bean oul of S81'V1Cil In 
lhe event of fire in Unit 4. 
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3..2.1.2 CO� Sys\em Etrectivefy Exfinguishes a F,re 

A 50 MW(e) gas turbina at a combined cycle plant was being slarted. Technicians had finished their wori< 
hui hnd not tightflnfld thfl fillings on thfl ftml nonios whon tho unit wns slnrtfld. Oil lnAknd fmm thn humor 
assemb.llioo and ffll rn1 � füe ignited undM lhe gas rurbine. Heal detectors activated lhe CO� system and the 
fim was exlinguished with minimum damage. 

3.2.1.3 .l\utomatic Sprin�EK" Promcoon Eff-ective in Prevenling Major 8u,1ding Oamage. 

An improved emergency response plan could have further reduced damage. 

/\ prototype industrial gas tumme was u ndergomg test in lhe manufac:turer's test faa1ity. The btñlcfing was 
75 x 87 x 57 ft. tñgh {23 x 27 x 17 m). Toe walls were insulated metal panel oo steel frame, and lhe roof was 
insulated steel d� on steel beams supported by steel truss. T he building was spñnklered throughout by 
a sysl.em des;gned lo pmvide 0.21 gpmlf\2 (8.4 mmh"rftn) o-ver \he mos\ remole 2400 sq ft {223 m2}. Figure 
3 is an eleva\ion 'lriew of lhe building. 

The gas turbina was a two-shafl machina wilh a power turbina canlilevared forward over two bearings housed 
In the load tunnel - the cavily inside the exhaust duct, lhrough which the drive shaft passed. Toe drive shaft 
was coupled to a dymimomel9r. 

An oll reservolr et lhe inlel end of lhe gas turbina, near lhe south wall, prov ided oil for lubrication and hydrnu­
lic conlrol. A pump drivén by the gas turbina shaft delivered 120 gpm {7.5 Vs) through pipes of up to 4 in. 
(10 cm) diame\t!r to lhe \hree ooañng sumps, induding the sump in lhe load hmnel fof' Bearings 3 and 4. Pres­
sure in the fines was regulated lo 15 psi (103 kPa). Ouring slar1up and shutdown a molor-driven au xiliary 
pump in the reservoir delivered oíl at a rate of 25 gpm (1.5 lfs). An emeryency pump driven by a baltery­
pc,wernd d.c.. motor bad«!d up lhe auxiliary pump. 

Toe inciden! occurred when part of the rim of lhe power turbine disk fracturad, releasing sorne of the blades. 
A blade jammed between the remaining blades and the casing, decelerating the rotor rapidly, and impart­
iog a hiigh lransverse toad lo the beañngs. This caused lhe cantilevered beañng housing to deflecl shear­
ing lhe flange bofts al both pressure and retum lube-oíl lines. (Fig. 4). Oíl sprayed out the 3 in. (7.5 cm) 
pressure line and ignited. 

OJI apray 

IQ2002 Fac1ory Mutual lnsurnnc:9 Company. 1\11 rights mserved. 
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Too operator immediately tñpped the gas rurbine and it decelerated qlñddy to a stop. The a.c. lube oíl pump 
conlinued lo operate pumping oil lhrough lhe separnled line. When powe,- lo il was cul olf, lhe d.c. pump 
SIArted. 

TllQ pubf,c fue department anived w;1hin frve minrnes and proceeded lo light lhe flt9 From outside. Heat from 
lhe fire opened an seventy--lwo sprinklers. The fire conlinued unhl an empfoyee went into the bU1lcfrng and 
shut olf lhe emergency lube pump, cutting off the fuel supply. 

Spñrnder diismatge -w,11 not extinguish a spray tire. However, il w,11 gmafty flfTl1t damage to lhe building. The 
spray fire was e."lCtinguished by stn1tting off the source of fuel. SpñnJders were effedive in preventing majOf" 
slruclural damage to lhe building. In similar tires wilhorn sprinkler protection lhe building roof has collapsed. 

3.2.2 lnlfem9' Rrns and ExpFosrons 

The following case histories illustrate lhe majar categories of interna! fires and explosions that have occurred 
in the turbina combustor or compressor. Each case history discusses the approam to avoiding that particu­
lar hazatd. 

3.2.2. 1 Interna! Fire due to a Leaking Fuel Valva 

/\ single--shaft gas tumine driving a slandby generalOf in a pubfic ulllity ha<I beeo starled up and wanned 
priN lo loading. Befom il wAs 100000, lhe cfisrmtmer c:mc�ed lhe mquesl. and il was shul down. Befom lhe 
shuldown sequence was completad, attempts wern made to rastart lhe engine, but it would not rnspond. 
When \he gas lurtima was opeoed and examinad, ttie lurt>me section was íound �elely bumed orn. Rol:a\­
ing and s•11tionmy componenls of lhe lurtine section were sevarely damagad (Figs. 5 and 6). 

The leading edges of first stage nozzles exhibited light damage, possibly unrelated lo lhe fire. Bul the trail­
ing edges wera extensively bumed. A torch-Hke ftame savered almost all of lhe second and third stage 
no-ules:: lhe sec:ond stage a\ midspan, and \he third stage at the 0\11-er flow palh. Apparently lhe flame front 
had been posilioned halfway lhrough !he firsl slage nozzle row. 

No\mng in lhe (X)flU'Ol logic could exp\am lhe development of lhe intemal fue; it shoold have been impos­
sible to inject fuel inlo the angina during lhe restart attempt befom lhe igniter was activated. HOW9V8T, the 
fue! Oow was govamed by a throttle valve, an overspeed trip valva; and lha fuel isolation valve, all down­
stream of the fue! pump. Toe overspeed lrip valva was normally open. Toe function of the isolalion valva 
was to shul off lhe liquid fue! duñng normal shutdown, and whtle lhe tumine was operating on the alter­
nRle fual. This v;:ilva was Rir-lesled aner !he loss, ;:ind it leaked. lt was conduded lhal liquid fuRI was forced 
lhrough lhi� leaking valvn by the motor-driven fue! pump upon startup, Rnd lhe prnssurn was suffidenl to 
ammize lhe fuel as i\ nowoo thmugh lha fuel nozzles into lhe hot combusfion chambers. The fuel ignimd and 
bumed in a controned marmer in !he turbina seclion. 

Newer gas turbinas oflen employ a double valva system for the gaseous fuel. Figure 7 is a schematic of a 
douhle valva arrangement with a solenoid-operated vent valva to bleed off any fuel trapped belween lhe 
primairy and secorn:huy valve.s.. This vent valva is dosed during operation and is opened 'M"!en the pñmary 
fue! valva doses on shu!down. In the system shown, lhe seoondary valva is closed by difíerenlial pressure as 
lhe vant valva opens. In other systems lha primar-y and secondary valves are dosed by the control system. 

liquid-fuel systems often do no\ hava a double valva arrangement. In one instalalion, the control valva 
serves as a shutoff valve. In lhis case the mam fue! pump is lurbine dñven, and c:eases to produce fue! pres­
sure when the turbina decelerates. This may be sufficient protection against an intemal fire afler shul­
down c,r just bef-ore sranup. 

Toe syslem in t11is case history has a solenoid-operated shutofí valva downstream oí !he control valva, and 
lhe main fue! pump is motor-driven. There is th8 potenfü1l for an interna! fire if the shutoff ar isolalion Vfllve 
lfmks and II e,0 lumino is slm\0(1 h°' Of" lh0 pump continuos lo op(-lflllte nn� shrndown. 

. 
1 

The case hislory shows il is importan! t� provide double fue! valvas in liquid fuel syslems with motor-driven 
fue! pumps. The combuslor drain is not sufficient protection ag::iinst a leaking valva lhrough which fuel can 
be st)rayed under m::1'1ñmum ruel-pump pmssum. 

3.2.2.2 Interna! Explosion due lo Slow Response of !he Fue! Valve to Flameout. 

A gas hrroine wilh a vertical oombustor cfismarging lhrough a U-<luct into the turbina had been slarted oo 
liquid foel and synmroniz-ed. Steam was being injected lhrough ports amund lhe combuslor fuel-oozzfe for 
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emissions control. /\bout twenty minutas aflar !he inilial injection of steam, a violent axplosion took place 
in !ha comhustor. /\t !he SRme tima, a numher of ;:ilarms, including a flamaout alarm, soundecL 

The in!eKTI11I damage in Ule gas lurbine was extensive. The combustof" ilself was not extensively damaged, 
but the ¾I in ( 10 mm) thick intemal linar of the U-tuba was tom, wilh sections completely broken away. Toe 
11rst two rows of lurbme blades were c:omplete\y sheared off al lhe roo\s, and stationary nozzle vanes were 
�eo and damagoo. Downstream blades were badly fragmenled ITum impact. Ranga bolts on lhe engine 
casing were hroken, and the flanges bent and separated. 

Apparently loo in\roduction of steam around th9 fuel nozzle resultad in a ftameout. Rame detectors had been 
irn;!al,ed t-o sense ftameout and t-o cut off lhe fuel supply. HOIN'eV0f", a time delay of 3.5 seconds was bum 
into the shutoff sequence to give the fuel control time to raact to underspeed c:on.ditions and avoid spurious 
bips.. Afu!ir \he ftameout, fue\ conünued to flow into the hot combustcw-, and reignitecl, probably al \he discharge 
rrom lhe combusror, and in the U-\ube.. Interna! tires and e-xplosions resultmg ITum nameout duñng normal 
operalion can be prevenled by rapid cutoff of fuel to lhe combuslor after nameoul. 

3.2.2.3 lnlomRI Firn dun lo R Fou'lly Casing Omin. 

A lhird hazard of intAmal tire arises when liquid fuel collecls in lhe boltom of lhe combuslor casing after a shul­
down and is nol drnined off, possihly because of drain malfunclion. This pool of liquid fuel is ignited by the 
hot gases deve\oped in a oombus!or during e subsequ9nl slartup. 

A larga induslrial gas turbine-generalor fueled by No. 2 fuel oil had been slarted and was being loaded when 
it lripped out on overspeed. 11 was idle for two hours while the control syslem was checked oul H was found 
Ulat lle overspeed mp resulted rrom a control malfunction, and the tUTbine was resrarted. V\fithin a íew min­
utes. lhe gas turbina lripped on high exhaus( temperatura, and lhe exhausl slack began lo emil dense black 
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sm�e- Tlm eml gas tempernrum (EGl) rem:hed 120o�F (650�C), far in excess of lhe normal lavel of 700�F 
(370�C). /\n operntor opene-d a door in 1he exhausl duct and saw a glow rrom within the lurbine. 

When lhe turbina was cooled down and dismantled, three of lhe sixteen combustor baskets warn tound exhm­
SN&ty d amaged. Larga ateas were missing. Toe edges of lhe bast<ets were c:urled inwan:I; covared with scale, 
and sorídified globules of metal adhered lo the si.Jrface, indicaling metal had mefted. Another combuslor 
basket was slightly damaged, but the remaining twelve ware stm serviceable. The first two rows of rolaling 
lurbine btading v.-ere extensivety damaged, presumably by impad with the combustion baskets.. 

Toe three damaged combustor baskels were at the bottorn of the casing (Flg. 8) where unbumed liquid fuel 
tehds to accumulate when a gas turbina is shut down. An automatic drain in the bottom of the casing should 
drain off lhis fu� 011 aller shutdown. This drain was íound jammed shut and WO\M not open under the spñng 
load. 

The cause of the damage was uncon\roUed buming of fuel ol\ \ha\ had drained into lhe combus\or casing 
aner lhe eogme had lripped on the Sl)uñous overspeed signal. The 011 accumu4ated in lhe casing due to the 
jammed drain. Toe damage was limitad to Combustors 9, 10 and 11, because lhe buming gases wern drawn 
into the bleed opening by the air being bled from the combustor casing. The flama was thus drawn away 
from adjaceint combus\ors (such as Nos. 7 and 8) leaving lhem undamaged. The dilution of these gases by 
lho blooo ;:iir prevenloo addilional he;:it damage in !he hleed system. 

Combuslof ca�s should have automahc drains \o remove nccumu\alions of liqu1d fuel afnw- shu\down. These 
valves may be pneumn1icafly opernled, held dosed by compressor discharge air while lhe engine is oper­
aling, and opening under spring force upan loss of pneumalic prnssure afler shutdown. /\ulomalic drain valvas 
should be !asted annually to insure proper performance. 

3.2.2.4 fnlemal Flre Occurñng during Switchover from One Type of Fuer to Another. 

Fw-es aod e�losmn somefunes occur during swi\chover- from liq,.nd \o gaseous íuel, or vice versa. One cause 
may be inadequate conlrol of lhe rates of reduction of ftow of the original fuel and mere.ase of ftow of the 
new fuel. Toe original fuel may not be purged adequately, and uncontrolled cornbustion may occur. Uncon­
trolled combuslion can also occur if lhe valve adri"litting the original fuel leaks, and the fue! continues to ftow 
after lhe switdlover is complete_ 

During lhe firsl startup afler an inspection, a gas turbina generator having a dual fuel syslem was brought 
up to part load on liquid fuel. A changeover to butane gas was made. Wilhin a few minutes, tho fue! pres­
sure dropf>ed and an expos;on oco.1rred. Bon, tumne st-agoo WQffi hadly damaged by impact with fmg­
monls originaling in lhe comhustor and passing downstream. 

/m mvesijga\ion showed \ha\ a loose cap on one of the dual-fuel noz:zles permitted l\quid íuel \o \eak into 
lhe con,bustor. The excess fuel ignited in the combustor and the e�losion OCOJrred_ 

3.2.2.5 Maintenance and lnspection of Gas Turbine Fue! Systems 

� of lhe four inciden\s descnoed could have been detectad and damage prm,entttd by proper inspec­
fü:iin and maintenance proced1.1res {lhe leaking valva, jammed oombuslof drain, and the cap on lhe dual­
fuel nozzle). 

Combusfü:.m-.section inspections should include inspecting fuel nozztes, igniters and flama detec'tofs. The 
last, in pamo.,lar, ara suti;ect lo moisture and dirt conlamination tha1 could prnvent lhem from sensing absenc-e 
of name. Particular attention musl be paid to sealing the quartz lenses. Gas valves, fuel-oil valvas and dual­
h� checll. valves shou\d also be inspected and leak-tes\ed during oombustioin sed.Ion inspeclions, and fue1 
mRrñfotd and combustion casing drain valves stmuld be te..sted. 

The lurbino In the first inciden! wRs n slnndby unil usad for fuw opernling hours por yoor. MRlfunclion of 
lhe componenls or concem rloes no! clf!pend only on hours or operation; irlle time m:1y hava lust as much 
eftoct Oñfü::al hJP,11 s-r-;,em componflnls in slandhy units should be inspeded annuany. 

(!;)2002 Faciory Mulual lnsuranca Company. Ali righls reservoo. 
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3_3 Thst Data 

3.3. 1 /\ufomaric sprinl<.ler 

FM Glloba'l Research conductoo a sienes of tests for lhe United S tales Alorric Energy Commission (AEC)_ 
Tha msults am conmined m a raport li1'ed -Fff'8 Tests of Aulomalic Spñnkler Protedion for 01 Spm Fires-, Sep­
lernber 1957. Toe lesling dernonstrated autornatié sprinklers wem effective in controlling lubricating oil pool 
fmts... 1\ also showed lhey were effedlve in limi\ing he.a\ damage to tt10 building sbucture. Five tests, four 
� fire lesls and one combined spray and pool fira test was conduded_ Automatic sprinktef' prolection at 
ceiling level quickly conlrolled pool oíl fires_ Toe oil spray fire continued to bum until the oil supply was shut 
off. 

Four lesls were conduc\ed wfth 2,000 sq ft (185.9 sq m) of 011 on lhe flOOf". The tests were intended to mea­
sure buming rate of oel and lo determine whelher ceiling level automatic sprinkter prolection oould control 
a fire in a larga lubricating oil ralease. A fifth test was c:onducted. The test consisled of a steel colurnn wilh 
a sooes of cross JTI(l-mb� a\ \he 10 f\ (3 m) and 20 fl (6 m) e\evalion_ /\n oil spray no:r..z.te wa� moun\ed 
12 n {3.7 m) abova lha ftoor, and 2 n (0.6 m) lrom lha vertical column on one of tha crossbea.rns, as illus­
lrnled In Figure 9. Luhrio:iling oil w::is pumpad to the nozzle al a now rnte of 10.8 gpm (0.68 1/s) end w::is 
igniled; the figure shows lhe oil spray just prior to ignition. Thermoc-ouples were mounled throughoul lhe 
steel strudum arnJ at the roof level, 33 n ( 1 O m} above lhe ftoof_ Spñn1def' heads were moun\ed al the roof 
leve! al 10 n (3.05 m) spacing, And were operated about 1 minute aner ignilion of lhe spray. 

ln lhe spray fue test, \he sprinklef" discharge den5'ty was increased \o 0.36 gpmPlt-2 (14.4 mm1mm). Thermo­
eot1ples on an exposed sleel column continuad lo regisler 1400-1800"F (760-983"C) over- a peñod of 8 min­
utes, unlil the oil spray was shut off_ Al the same time, a thermocouple al roof leve!, at a point 14 ft (4.3 m) 
laterally from the ignition poinl, registered a temperatura of 860"F (460"C). Ceiling temperatures would most 
probah'y have been similar to \he free bum pool fire temperalures of 1600 to 1800ºF (870 to 983 ºC)_ How­
ever, auloma!ic spñnklers carne on and with a spñnkler density ar 0.20 gpm/Tl2 (8 mmfmin) held the ceil­
ing temperatura to 750"F (400"C). As sprinkler density was increased lhe ceiling temperaturas decreased 
further to 20(YF (93"C)_ 

Conclusions are as follows: 

• /\u,omaoc Sf'ñn\ders W111 extinguish an oil SJl'lll lire on lhe floor at a discharge densily of 0.1 3 gpmfsq ft
(5.2 mm?m,n) "IMlh soma mnrgin of snfely.

• Aulornalic sprinklers wm preven! darnage to building c-olumns from a floor spill fire. Without automatic
sprinklnirs serious distortioo and actual column fai'lure would be mcpected in less lhan 1 O minutes.

• Oil discharged as a spray rnay bring aboul failure of exposed steel near lhe fire. Automalic sprinklers rnay
nol extinguish a spray fire_ However, automatic sprinklers win limit temperaturas for structural steel and
roof amas no\ immediately adjaoent \o the o,1 spray fire_

3.3. 2 Water Discharge on Hot Gas Turbme Casmgs 

M accidenrall wate.- discharge on the hot casing ora gas lumne whi1e it is operating may cause damage. 
A major loss mvoMng such a discharge occurred when three accidental trips of a deluge system wetted lhe 
turbina casing of a heavy-duty gas turbine. Toe casing was operating at 550-600"F (288-316ºC). Toe deluge 
noutes were � at the \op of lhe turbme casing. No immedlale damage was no\ed_ However, it was 
no,ed that lhere was an increase in the exhaust gas temperatura aft-er each incidenl Four- monlhs after these 
incidenls lhe unil was shul down and lhe turbina seclion opened for inspeclion. Toe blades on bolh turbina 
stngfls wnrn ruhho<I s,w,irnly ni lhoir ti11s; lho hln<fos in ttie firsl �tnge wnm wom npproximnlRly 0.060 in. 
(1500 miauns), whtle lhft blndes of the socond stage we,e wom a mfle less (O.OSO in_ or 1300 microns)_ The 
casing hnd dislor1ed elnslically as a result of lhe circumferentially-varying cooling effecl of lha deluge­
system discharge. There was no permanenl material damage to the casing, and dimensions ware wilhin blue­
J)"nt limits afler it relumoo to its original shape when lhe temperature gradients 'WQre removed. The c:ompany 
imrotved c:on1inues lo lisa rtxed automalic sprinkler syslem prolec1ion ror their turbinas. However, noz:z1es 
are arranged so lhal lhey do not spray onlo lhe lurbine casing. 

l\nolher occidental wamr discharge incident oocurred \o a 35 MW gas tumine wi1houl damage. The turbina 
was in operalion when a 6 in. {15.2 cm) fitting between the spñnlder riser and lhe cross main separaled. 
An eslimated 1200 gpm of water discharged from the open fitting. Toe casing was insulated wilh lagging. Toe 
turbme lripped off fule and ooas\'ed down with ol ,n the bearings_ llle lurning gear breaker tripped and the 

tC\2002 Fac:1ory Mutual lnsurance Company. 1\11 rights ras&rved. 
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FM Gllobal Research has oomp1eted an analytical study ol the temperaturas, stresses, and deflections of 
hot gas lurbine casings subjected lo spñnkler discharges of vañous densilies and areas of impacl. The cas­
ing involved in lhe firsl loss was used as a model for lhe study. 

lt was oonduded lhat spñnkl� wa� on a hot turüne casing w'ill not cause stress beyond lhe yiekl pomt of 
lhe turbine casing matooat n was also found lhal blade rubbing due lo lhe decrease in dearance between 
lhe lurbine casing and lhe blades can occur. The casing was approximated as a lhin walled cylinder main­
l-ained at a constant temperatura on its inner wall and oooled non-uniformty by sprinkle(" discharge on lhe 
outer sufface�_ 

As notad above water in conlacl with the turbina casing has sometimes caused blade rubbing. lt is known 
lhat inlemal deélrances are reduced when operating at higher power settings. For the purpose of FM Approval 
�ljng il was assumed thal lhe allowable deflection duelo coofing is proportionall lo 1he radius of lhe tur­
bina casing for ali classes of comhusfion lurbines:i_ A rapresenfative value of lhe clearance between casing 
and the turbina blades is ebout 0.1 % of the casing rndius, when the lurblne is under load'4. At shut down 
lhe deararn:es increase substanfially. 

Tesling was conducted to simulate water mist system discharge impinging on a hol turbine casing lo deter­
mine whelher a deneclion greater !han 0.1 % of the turbina radius would occur. The simulation makes an 
ª"owance fof dry spots on lhe casing, where ooofing would not oocur. 

Water mis! syslems generally fall into two categories wilh regard to thennal impacl. One calegory in which 
water from water mist nozzles is likely to come in contact with the turbina casing. A. second type in which the 
wal� mist does not imp,nge on lhe turoine casing. 

The lesling for bolh lypes of water mis! systems uses a horizontal steel plale 3.3 fl x 6.6 n x 2 in. thick (1.0 
m x2.0 m x 50 mm )to stimulate the turbine casing. Thermocouples are embedded in the plata at three depths: 
½ in. ( 12.7 mm), 1 in. (25.4 mm), and 1 ½ in. (38.1 mm) below ffle surface. The wag mist nomes are 
localed as close ro lhe heared piafe as anowed by !he manufacturer·s instaffalion inslruclions. The plale is 
heated to a temperatura of 570ªF (30CrC). The water mist system is discharged and temperaturas are mea­
sured ni the lhme <mplhs over one exlinglñshmeol Sf)ray cyde. n is assumed lhal lhe top surfaoo reooivas 
a cn,slnnl ax1'in9 flux and lhal lhe bonom surface is adiabalic. Using lhe lemperature distm>ution for the 
modal, the deformalion is calculated for a 2 in. (5 cm) thick casing, wilh a radius of 3.3 n ( 1.0 m). The defor-
mat'°'11 cannol be greatef lhan O.l¾ of the tufbine radius. 

4.0 REFERENCES 

Dala S� 4--11 N, Wafer Spray Fixed Systems. 
Dala Sheet 5-19, Swifdl!JeSr and Circuif Brea�. 
Dala Sheet 5-31, Gables and Bus Bars. 
Dala Sheet 5-32,, EJedromc Data Processmg Sysf-ems. 
Data Sheet 5-4-8, A11fomafic Frre Defecfors. 
Délta Sheet 7-54, Natural Gas and Gas Piping. 
Data Sheet 7-83, Orainage Systems for Rammable Uquids. 
Data Sheet 7-88, Sfo� Tanks for Aammabre Uqt.ñds. 
Dala Sheel 7-91, Hydrogen. 
Dala SheAl 9-9/17-9, Equipment RRpfacemenf Cosfs. 
Da,a Sheet 13-17, Gas Turl.>ines. 

4.2 NFPA Shmdards 

NFPA 121\, Hafon f30f Exfingu;shmg Sysf-ems. 
NFPA 85, Bo;Jer 11nd Combusfion Sysf-ems Hazards Code. 
NFPA 750, standard for the /nstarraoon· of Water Mist Fire Protection Systems. 
NFPA 2001, Cl&an Agent Rre-Extinguishmg Systems. 

APPENDIX A GLOSSARY OF TERMS 

Approve,r:J: ref1;tmnces lo -1\pprove<r in lh,s dala sheet means the product and sefVices hav9 satisfied lhe 
ait-eria for FM Approvat Ref-er lo lhe Appmval Gükle, a publication or FM Approvals, for a complete listing or 
producls and services thal are FM Approved. 
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f:ndo...� insfartar;on: /\ gas lumine instatlation in which al1 ma¡or components and syslems (excepl the dñven 
machine) are housed in an endosure. FOf" larger unils lhere cou'ld be severa! endosures, one endosure 
for each of lhe major syslems. nis somelimes referred lo as a package instanation, because it is arranged 
oo a shuctural skid fOf" '1-ansportation as a unil 

FÜ1meour: General loss of flama in a gas furbine combustor, possibly because of reslñclion in lhe fue! fines 
lo !he comhuslor section or a control malfunction that reduces fuel flow below the lower limit of combuslion. 

Fire or expfosron: 

Externa/: A fire occurr ing outside the gas turbina. In most cases damage is to piping, cable or exlemal 
surfaces of lhe turbine. The ericlosure housing the turbina may also be damaged. Fires involve leaks of 
oil al beañng hou�ngs or insulalion blanket tires are usually high value fims. Fims invollving laaks � 
hrnaks in lube oil or fuel lines are usur-illy high value firns. Gas line leaks or breaks generally resull in an 
explosion followed by a fire. 

lnrmn11.f: /\ lirn occurring ins;de one ol lhe majOf" a>mponenls oí the lumine usually due lo fuel acannu­
llllions. Fuel may ;:iccumula1e due lo fue! lealrnge pasl shuloff valves, delay in shult1own foltowing loss 
of name, failura of a casing drain, or an inadequale purge. The fire or explosion occurs wilhin the lurbine, 
oompressOf" or emaust system. 

Gaseo11s, rorar rtoocfing sysrem: A fire ex!inguishing syslem lhal relies on filling an enclosure wilh an 
extinguishing agenl, and maintaining the exlinguishing concentralion within the enciosure unhl the fire is exlin­
guished and cooditions wifl no\ pennit reignition. 

GAS turbine installation: The arrangemenl of a gas turbine and its driven machina (usually an electric gen­
eralor or compressor) in a facility. The installation is usually understood lo include a lubrication system fOf" 
lhe mach� ooarings, a hydrau'lic system for certa;n control and pro1ecti"9 functions, fiquid fuel and gas­
eous füel condilioning and del'ivery syslems, a fire protection system, swilchgear and a control room. The 
air inlake and filler, including silencer and air cooling system, and !he exhaust duct and sílencer-, are part of 
lhe inslafü1fü:,n _ 

HalocRrbon clean agenl: l\n exlinguishing agenl consliluted of organic compounds conlaining fluorina, 
chlorine, bmmine or iodine. 

lnerf gas deoo agent: An ex1inguishing agent c:onstiluled or the inert gases mgon, nitrogen, hetium or neon. 
A blended agenl may also include carbon dioxide. 

lag� The lenn 1�ging� refers lo a covering or endosure of sorne kmd designad to shie!d lhe hot sec-­
lion of a gas lurbine fmm exlemal íadors. such as olher equipment, water discharge, or simpty the environ­
menl, and lo keep personnel from accidental contact wilh the hot section while the turbina is operaling. 

Lagging consisls of insu'lating blankels around the casing. The insu!ation is usuafly metal a>vered. 

Less ffAmmable ff11id: A lubñcant or hydraulic fluid that is unable to stabilize a spray flama, and is classi­
fied as Group 1 áccording to the FM Specification Test Standard for Flammabil;fy of Hydraulic Rurrls Cfass 
6930. Mi� 011 is dassified as Group 3 according lo this standard. 

Skid: 1\. slruclural steel base on which a gas turbina and/or its .:1uxiliary componenls are mounled. 11 may 
br-i r-indosr-id or unendosn<i. 

Ummdosoo insfal1Afmn: A gas turbina ins!anation� usuany in a larga building and possihfy part of a mulfiple 
insla'llalion, wittloul individual endosures ror any or ils arnriliañes °'" componenls. 

Water misf: 1\. fire extinguishing system in which multiple spray nozzles discharge directional fine water sprays 
under high pmssum, or by air a\omization. The system produces significantty smaner waw droplels than 
!hose generaled by automalic spñnklers, and exlinguish larga fires (including spray fires) raster and more 
effeclively. The smaller droplets vaporiza and extract heat more rapidly from !he flamas.

APPENDIX B DOCUMENT REVISION HISTORY 

May 2000. The following changes were made: 

1. TI1e recommendaoon fo,- exoess llow va!ves as an aftemale fofm of pro\edioo to fu{ed fire protectmn has
been removed. E1u:ess flow valves funclion ir lhe flow exceeds 11011>/o of !he raled, flow, Thern have been
larga losses in which oil or fuel leakage from a tlange or a fitting has been substantiany less lhan lhe raled
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now. Exe9SS flow vatves may be of benefi\ in installations such as engine test cels whern lhe fmquency oí 
a Ollaslrcflhic event is subst.tntialty higher- than in production machines. 

2. A requirement for a run discharge tñp test has been induded for gaseous agent extinguishing systems.
In addition an inspection program for doors and damper intended to seal openings is �- The
causes of preVJous extinguishing syslem failures are reported. Also lhe results of a recen! survey of loss
prevenlion engineers specializing in fire protection for utilities indicale that the refiability of these systems is
substantiafly imp,rove,d when fuH discharge tñp tests are cooducted.

3. Protection of one set of control and power cable for ac and de lube oil pumps is recommended. 

4. Flxed fire pro\eclion syst-em agent supply should be 10 min or lhe rundown time of the lurtjne for endosed
lurbmes wt,;chever is grealef". loC<JI applicalion system agent supply shoutd be 20 min or th8 rundown time
of the turbina whichevar is grealer. 

5. Automatic sprimler- or water � protaction is recommended as an attemate form of proteclion provirnng
lh8 syslam is arranged lo preven! water discharging onlo lhe lufbine casing.

6. An annual test frequency is recommended for automalic drains in combustor casings.

7. Des-c:ñptions of tests and losses involvmg automatic spñnkler protection have been rev;sed and examples
of !he need to functionany test gaseous agent systems have been added.

The S�mmber 1998 reV1S100 rea>mmended: 

• The use of excess flow check valves in lubrication, hydraulic and liquid-fuel systems.

• F!Oe-wa'ler spray (FWS} exfinguishing syster-ns

• The use of less flammable lubricants and hydraulic fluids

• Dirnct fu-e protection of �a mmn slmdural members of tuTbine hal1s.

APPENDIX C SUBJECT MATTER SECTION 

C. 1 Wateor Mist System

C. 1. 1 Descripfion of Water Mist Sysfems

Walef" mist extinguishing systems can be used to prol-ecl gas turbines housed in enclosures. These endo­
Sllfes ha-ve fon:ed-<.traft venb1ation systems. The venlilation syster-n, venlilation openings, and doors shou,d be 
closed before the system operates. 

'The suppression syster-n consisls of fme water spray noz.ztes., fire detection (heat oc flame), a control panel, 
a water- stlflP'y, and if necessary an air supply. The water and air can be supplied from cyfinders or from 
\he plant water _and air system if quality is adequate. Figure 10 shows one Approved system. Heat detec­
tors are insraUed al oemng level and have a \empera\ure rating above th8 nonnal operating temperarure in 
lhe endosure. Nozztes arn installed on each side of 1he gas tuTbine. Bmndl lines arn instaned al th8 cei1-
ing of lhe enclosure r1nd 3 ft (0.9 m) above the floor. Toe lalter sel of nozzles is directed at fires under the tur­
bina thal mey M shialdoo lrom overhead noules. 

Figure 11 mustrales an arrangemenl of one water misl system showing watef" lank and air cytinders. The sole­
noid valva on the air cylinder is actuated by the fire detection system. Air- then pressurizes the water tank 
lo doover- watef- lhrough lhe ptping to the noz.ztes in \he gas lurbine endosure. Addillonal air passes �rough 
lhe piping to lhe nozzles. 

Figure 12 illuslrates a twin fluid spray nozzle. Air discharges lhrough the central orifica, while water dis­
charges through the outer ring of orifia:is. 

C. 1.2 Requiremenrs for Approval of a Warer Mist Sysrem

AA .Approved wa� mist system will exlmgu'ish shielded and unshie\ded hydrocatbon pool and spray fires 
in endosures no\ e�ng the volumes lisled in lhe Appmvar Guide. The system is also testad 1o verify that 
the gas turbina casing will nol be cooled an unaccep!able amount. Blade rubbing which reduces the effi­
ciency of a turbina can occur if water spray impingas direc!Jy on a hol casing during operntion. Testing for 
h\ado rubbing is conducloo as :spocifioo in 3.32. 

t02002 Fac:1ory Mutual lnsurnnce Comf)Qny. Ali rights mserved. 
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Alr Piplng from 
Aw-Cynnd..-

Fig. 10. Lnyoul of henl dal&ctors.. alr and weter p/plng. and n01::r.le:, for ona lype of weter mis/ system. 

C..2 Rundown Time for Tmbines 

The fire protection system should mainlain an extinguishing concentration for the rundown time or the tur­
bina and !he time it takes surfaces lemperatures al full load to below the autoignition temperatura of the oíl. 
Rondown times depend on lhe type of 1urbine. Reported times have vañed from 5 lo 40 min Industrial tur­
binas have longar rundown rimes lhan aeroderivarive turbinas. The larger (he turbina the longar the run­
down lime. Also the higher the higher the load the turbina is under the longer the rundown time. Toe rundown 
time s�d be known befote Qmducting a discharge test. lf this is not known the test st.ou,d be con­
ducted umtef" fun lcmd so lhis �n be delermined. In addilion il should be known how long it wil1 take sur­
faces to go below the ignilion temperatura or the nuid. lf this infomlation is not available surface temperaturas 
shoo'ld he measurnd by lhennocouples localed on lurbine, combus\of", compressor and exhaust systems. 
Tlm nomignition temparatum of lubricaling 011 may be assumed to be 700"F (371 •q, for fuel Ol1 the autoi­
gnilion temperatura is S00"F (260ºC). Toe minimurn duration of 10 minutes was selected because sorne aero­
derivative turbinas had rundown times of 5 min lt was decided that a 1 O min minimum would provide an 
adequate factor of safety fO(" lhese units. 

C.3 Lubrication Oil and Hydnmlic Oíl Systems fo..- Gas Turbines

lubñcaling mi, hydrnulic oo and fuel 01l are most commonly involved in fire scenaños invotving gas 1urbines.. 
The oi1 sys,em is needed for lubrication, hydraulic {powef") and ílfl Oll sysmms. Toe hydraulic oil syslem oper­
etas valvas that control gas ftow. Tne lift oil system anows the turbina to rotate at low speeds on startup and 
shuttlO\m. Toe ftutd typic:aUy u-sed in tubricat'mg ól systems is mineral ól. Toe fluid usad in hydrau1ic oil sys-
1.ems is mineral 011 where lhe sys'tem shares lhe same tank as the lubñca\ing oil syslem. lf lhere is a sepa­
rata lank the fluid may be mineral oil or a less nammable hydraulic ftuid. Table 4 gives information on lube 
oil and hydraulic oíl syslems for three rn;iior lurbine manuracturers. The fluid quanlilies are for 60 Hz 
machines. Toe lubQ � quanmms would be grea'ter for 50 Hz machines. 

,02002 r-nctory Mutual lnsun,nce Coml)"ny. 1\11 righls rnsarved. 



7-79 Fire Protection for Gas Turbine lnstallations 

WATER RESERVOIR ---.. 

FM Global Property Loss Prnvention Data Sheets 

f"RES'SlJRE: 
-------- RECU\.A"TOR 

.---- HR C'tUNOER 

F',rg. H. Ammgemen1 of warer re.servoir and sir cyrmder fur water misf sysiem. (Ser.uñpfex) 

102002 F9ctory Mutual lnsurance Company. NI rights roserved. 
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Watw 
Alr 

Fñ;¡. f2. Nonh? for watm mist systmn_ 

Table 4. LubrlcaNon and Hydroullc 011 Sysrems for 60 Hz Gas Tlnblnes 

l.uhe Oíl Sysrem Hydrauffc Oll system 

Rl!lffrrg 
Mfr: Model MWe 

ABB GT ac 53 

GT8C2 57 

GT 11N2 115 
GT24 "183 

GE Frnme E llO 
Model 68 
Frame E 80 

Model SE 
Frame E 115 
Mod<.>.l 9,E 

Fnnne F ro 

Model 6F 
Frama F 175 
Model rr
Frnma F 240 
Modal 9F 

Sie,m-<ms Model S4 00 

Model 84.2 100 

Model SJl.3 HO 

Tsnk 

(gaf} 
Maln-5,000 
AUJ{-1,700 

4,000 

5,800 

3,000 

3,500 I'} 

3,500 (•l 

6,500 111 

6,500 111 

6.5tJ0 f'I 

3,350 

3,500 

3,750 

Aow 

(gpm) 

840 

same 

450 

665 
500 

500 

500 

700-750 

325 

400 

same 

Prn.ssuré Tank Rrnv P119s.sur9 

(psi} (gaf) (gpm} (psi} 
100 265 55 360 

same 

94 same 
' 

87 55 580 none 

'tank-100 psi none 10-30 1500 
bearings-25 psi 

smne 150� same 

same 250-300 (2) samo 

same 50� same 

sama 150 {'1) same 

sama 250-300 sama 

tant<-n psi mo 20 300 
beartngs-20 psi 

sama 200 same 2400 

same 80 same 2500 

(l) Gone,af,\"rg � is lh1lV1a'l:t.'e m,:, both gns t,rrt:Jine snd sl'eam turbine. The l'ubB <:NI r¡uant,fy g;ven is fo<- ltte g..s 11:rl,ine only. lf sf9nm turbinlJ 
is providRd lube oil quanhlies would be 50% gm,,lt,r !han shown. 

1m 111 "- •is '!!IDS 1"11'b-ine t:>Tily mrrn,,rBI oll is 1llSl'>d as 'lt1e 'hydrau/lic fh1id. 1l>e s�'ly •is from l'l'le !tibe 011 llm'k. lf combined cyo'l9 a s,e¡>lmll11! 
lh):'tltn•w'lic �,ttm ,;,. •u,soo wlfh Pryq,,el 0-'IC, ,m l\ppro"9d try,drai,lic '11Jirll. 

,l!\2002 Fac1ory Mutual lnsuranca Company. 1\11 rights ms9'Vt>d. 
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C.4 Reignition in Gas Tmbines after Flameout 

lf a flameout occurs in a gas turbine, lhe flow of fuel must be shut off quickly. lf fuel continuas to flow for a 
period greater than the autoignilion delay time of !he particular fuel in use, it wm reignite in an unconlrofled 
manoer. 

The cutoff of fuel involves three sleps: 1) sensing flameout, 2) detecting flameout signal by the control system, 
and transmitting signat to the fuet shutoff valva. 3) closing fuet shutoff vatve. 

Flameout is sensed by ftame detectors mounted �n lhe combustor casing. aimed through an operring in lhe 
combustor linar el !he flama. Figure 13 shows an ultraviolel flama detector suitable fa- lhis application. This 
d8'ette11r � sense the absence of flama In 200 ms. Two sudl devioes are usually installed, localed a\ lhe 
top lwo combustor caos, or al the lop of single-can or an annutar oombus\of". The sensor.; am driven lhrough 
an amplifier by d.c. vollage. When the sensor is excitad by a source of unraviolet radiation it transmits pulses 
of currant al a fTequency oorrasponding to the intensity of the radiation source. Toesa pulses are inte­
graled in lhe ampfifier, \hat pm�des an out.pul signal of mm voltage fa- name. and plus voltage fa- no flama. 

Each of !he two fü:irne delectar.; produces a signa! Al one of !he lwo output terminals of lhe amplifier. Toase 
signals arn lrnnsrnil1ed to a pmgrarnrnahle controller lhal scans !he inputs and makes an appropriate dad­
sm. H bolh inputs provide a z{ljl'O s,gnal findicating ltml bolh deteclofs am showmg name) no action is laken. 
Bul if only one input is plus, An alarm is actuated; if bolh inpuls are plus (indicaling ffameou( al bolh detec­
lors), lhe fue! valva inslantaneously doses. This voting arrangemenl avoids spurious trips that could occur 
if ooe sensor is affedoo by something extraneok, if its quartz lens is clouded by smoke, or if it becornes 
inoperative. Toe input logic is typicaTiy scanned elghl limes a second. This means thal il could mke 125 ms 
lo delecl a flameout. 

The third phase or fuel curoff doses �- fuel stop valva. Tlris Vcive may be up lo 4 in. ( 10 cm) diameter for liq­
lrid fu8's and up to 8 in. (20 cm) fa- 9.1seous fuels. In older gas turbines lhis is a two-position o,1-relay type 
valva is normally dosed (NC) and is opened on start up And held opened during operation by hydraulic pres­
sure. When emergency shutdown is reqmr-ed, a relay--operaled S(jenotd vatve dumps 1he hydraulic fluid to 
drain, and the stop vatve doses under spring toad. A 3 in. (7.5 cm) vatve doses in 300 ms. The time fmm 
flameoul to fuel cutoff is estimaled to be 675 ms. 

In o.wrrnot instn'1alions, the fuel stop-v.wlve is usually a soleooid vatve. U shoo1d .be normally dosed. lhat is. 
il opens \lllhao th9 solenoid is energizad, and doses under spñng load when de-energlz:ed. 
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ll is possible to design a 3 in. (7.5 cm) semi-direct lift intemal-pilot valva to dose in 100 ms with liquid fuel. 
ll is eslimatad thal an 8 in. (20 cm) interna! pilot valve should clase in 200 to 250 ms with gaseous fuel. 

lt is, thereforn, poss,ble lo detect nameout, evaluale lhe decision logic, and cut off lhe fuel flow lo the 
combustor in less than 750 ms, even in the largest gas turbinas. In smaller machines, it may be possible lo 
och\eve ttws in 500 ms. 

C.5 Less-Flammable Lubricants And Hydraulic Fluid s

Fwre--rnsistant lubricants have been used in gas lurbines ro.- ove.- tweoty Y83fS.. Tlley have not been widely 
u� doe lo: a) oost or lhe lubricants, b) cost of oonvarsion of h1brication and hydraulic syslems lo use less­
n;:immnhle nuids, e) loxicity which rnquires special handling, d) emulsification with water, requlring spedal
\mnlrraenl, and e) eco,0X1cily, requiring special rncovery me\hods.

Synthelic ffuids have been developed to overcome loxicily and emulsification concems. The cost of less 
nammable lubricants are considerably more than mineral oil. However, if lhe manufacturef's recommenda­
tions are ronCffi'ed, the fluid should last the lil'etime or the turt>ine. Caution should be used vmen consider­
ing a change lo less ftammable ftukts in an exisling lurbine. The h.nbine manufacture,- should be consulted 
lo ensure the fluid is compatible wHh piping, paint, gaskets, and "o" rings in lhe syslem. lf the inside of the lube 
°" tank ,s painl-ed \his may preven\ miro filling with \ess ftammable ftl..ftds. Less ftammab\e ftuids have higher 
Dash poinls and auto,gnilion temperaturas than mlneral-based ftuids. Sprays of these ftuids can ignile on 
conlact with a hot surface but they do not continua to bum after flowing away from the hot surface. Less 
nammable lubricants are listad under the less flammable hydraulic fluid section in the Approval Gukle. Two 
nuids 'Mli<:h have been \ISOO as lubricanls for gas hrrbines are: Reolube Tumo fluid 32BGT made by FMC 
Corporalion and Fyrguel GT made by AKZO Nobel Chemicals. Both ffuids are lisled as Group II less 
flammable hydraulic fluids. 

/\PPENDIX D BIBLIOGR/\PI IY 

1. Fire Tests of /\ulomatic Sprinkler Protection far Oil Spill Fires testing by FM Global Research under conlract
lo US AEC, Report datad September 9. 1957.

2. /1.. Fwe Test Methodology lo Evaluate Fine Water Spray Protection of Combustioo Tmbine Endosums and
Machinery Spaces, FM Global Research J.I.0B0J2.RA, R.G. Bill arid E.A. Ural, June 1998.

3. Dundas, R Private Communit:ation, FM Global Rese.ardi, NOfWOOd, MI\.. Oclober 1997.

4. Wadsworth, W.J., "Stationary Components Design", Combuslion turbina reference Library, GER-2474,
General Electric Co., Schnectady, N.Y. 1970.

,07002 r nc1ory Mutuel ln<:umnr.o CompRny. 1\11 riqhts ros9rv9d. 




