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Prélogo

El informe incluye el seguro de todo riesgo propiedades e interrupcion 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, operacion e inspeccion. El
PME catastréfico tendra que ser reevaluado basandose en las actividades

futuras y el incremento de operaciones del negocio.

Los Capitulos que se han decidido tocar son los siguientes:

e CAPITULO Il. Memoria Descriptiva y Organizaciéon Gerencial: En
este capitulo se estudia, las instalaciones de la planta y el manejo
gerencial de la misma asi como la estructura basica sobre la que se

soporta la empresa.



e CAPITULO Illl. 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 explosion.

e CAPITULO IV. Valores Asegurados: Nos da a conocer los montos
asegurados, lo que nos permitira la obtencion de la pérdida maxima

estimada.

e CAPITULO V. Estimados de Pérdida. Tema principal del informe,
nos da a conocer los posibles escenarios en los cuales se
desarrollara la pérdida maxima estimada, tanto en su ocurrencia en
danos a la propiedad como para la cobertura de interrupcion de

negocios.

e 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.

Ademas de esto en la parte final se pueden apreciar algunas
conclusiones que se extraen de este informe y que deberian ser

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



CAPITULO |

INTRODUCCION

El presente informe brinda un alcance acerca de todos los riesgos presentes
tanto dafno a la propiedad como Interrupcién de Negocios incluyendo Rotura

de Maquinaria.

1.1 El Riesgo

El Proyecto de Aguaytia es el primero en cuanto a utilizacion
comercial de gas natural en el Peru y consiste en la operacién de una
planta de separacidon, una planta de fraccionamiento de liquidos
naturales (NGL), una planta de generacion eléctrica y las lineas de

transmision.

Comercialmente inicio operaciones en Julio de 1998.Tiene reservas

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

La corporaciéon Maple de Dallas, Texas maneja las operaciones de

gas bajo contrato. Maple Gas también trabaja para PetroPert y opera



la refineria de petréleo de Pucallpa bajo una concesiéon a largo plazo
otorgada por el gobierno Peruano. Duke Enginering & Services,
Charlotte, North Carolina operan la planta de generacién y el sistema

de distribucién bajo contrato.

La parte de gas del proyecto incluye la explotacion por 40 anos del
yacimiento de Aguaytia, localizado en la selva central del Peru. Las
instalaciones de procesamiento de gas cerca al yacimiento estan
disefadas para extraer NGLs en cantidad de 60 millones de pies
cubicos por dia de gas humedo. 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 dia.

La energia Generada en la central termoeléctrica es transmitida a
220kV por aproximadamente 392 kilbmetros en una sola linea de

transmision.

Esta cruza los Andes a una altura maxima de 4700 metros y une la
planta de energia con el anillo eléctrico en la costa del Pacifico en la

Subestacién de Paramonga

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

natural de gasolina, la cual es alimentada desde una tuberia por la



Refineria de Pucallpa, y LPG es almacenado en tanques a presion en
el mismo lugar para luego ser despachados en camion hacia Lima.

No hay planes de expansidon de las construcciones en el futuro
inmediato, ya que la demanda de energia eléctrica y la venta de gas

esta por debajo de lo esperado.

Figura # 1 Vista de la planta de separacion de Gas en Zorillos.



1.1.1

Equipos

Las plantas de procesamiento fueron construidas bajo los
estandares mas estrictos de seguridad tanto en los USA y
todos los recipientes a presion estan certificados por la National
Board Certified. La tecnologia del procesamiento de gas es

convencional y se encuentra bien entendida.

La distribucidn de planta se puede considerar como buena, con
los procesos en forma lineal y las fuentes de ignicibn como los
calentadores de aceite estan colocados lejos de las areas de

proceso.

Todas las plantas estan equipadas con sistema ESD, 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 tuberias. El sistema de quemadores tiene un alto
estandar e incorpora un doble bloque que permite aislar el

suministro de gas.

La posibilidad de que se presente sobre presion por vapor de
gas es considerada minima debido a la ausencia de
congestionamiento o de areas confinadas en las plantas. La
mayor exposicion se encuentra por parte de “jet fires” y “spill

fires” originados en el sistema de calentamiento de aceite el



cual opera cerca de su “flash point”. ElI LPG almacenado en
Pucallpa y Manantay presenta exposicion a “BLEVE”. El
gaseoducto esta construido en zonas de jungla, lejos de las
areas pobladas. Esto refleja que la norma ASME B31.8 Type 3
solo afecta 1.5 Km. del total del gaseoducto. Un error de
disefio de ABB Randall no tomé en cuenta el daifo del CO; el
cual causa corrosidon lo cual resultd en una serie de
modificaciones en las unidades de gas humedo y Ila
incorporacion de equipos inhibidores de corrosiéon. El ratio de

corrosion esta siendo monitoreado y controlado cada 15 dias.

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 distribucién de planta es
buena con una excelente separaciéon entre los servicios de
generacion, transformacion y los turbogeneradores. Los
transformadores estan protegidos por un sistema de muros

cortafuego y estan ubicados sobre drenajes de aceite.

Con respecto a las lineas de transmisién, 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 lineas de transmisién y en



1.1.2

caso de necesidad corregir los desperfectos asi como para

retirar la vegetacion de los alrededores.

Programas

La gerencia de Aguaytia 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 prevencion de riesgos.

El personal de operaciones cuentan con una gran experiencia
ellos han trabajado en la industria del petréleo en el Peru
durante muchos afos, Yy 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 parametros de los procesos,

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

El personal de Maple en la refineria 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 maquinas es buena, cuentan con



113

todos los sistemas de proteccion operativos. EI 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 inspeccion
en las turbinas de gas y los generadores. No existe un
departamento de inspeccidon formalmente establecido. Las
inspecciones son llevadas acabo por el personal de
mantenimiento y estan centradas en la planta de gas donde en

el ingreso del gas humedo se detectd corrosion.

Maple Gas provee de los servicios de seguridad industrial a
todo Aguaytia Energy y la actividad se desarrolla a buen nivel,
con un comité mensual de ingenieria. Esto se refleja en la
excelente estadistica de accidentes en todas las plantas. La
vigilancia es considerada buena en todas las instalaciones. El
terrorismo ha disminuido notablemente durante los ultimos
anos y se ha incrementado la presencia de las fuerzas

armadas en la zona.

Control de Emergencia

Debido a la remota ubicacion de las instalaciones la asistencia

externa es limitada.
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La excepcion es la planta de fraccionamiento, la cual es
asistida por el personal de bomberos de la refineria de

Pucallpa.

Las protecciones contra incendio instaladas en la planta de
energia y de fraccionamiento son adecuadas para el area de
proceso y cuando fueron probadas funcionaron de manera
satisfactoria. Igualmente la barrera de proteccién 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 area es baja.

La planta de gas no esta equipada con ningun sistema de
proteccion contra incendio, la Unica proteccién proviene de los
extintores manuales. La posibilidad de aislar rapidamente el
ingreso de gas humedo y la salida del NGLs y gas residual por
el gaseoducto, disminuye el riesgo de manera considerable. La
planta se encuentra expuesta a danos de un potencial “spill
fire” desde el sistema de calentamiento de aceite. Sin embargo
todas las bombas incluyen un doble sistema mecanico de sello,

el cual a su vez envia una senal de alarma al cuarto de control.



1.2

1.3

1.1.4
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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 refineria de Pucallpa.

Conclusiones

El proyecto incluye la extraccion y separacién de gas, el cual
es utilizado para la generacion de energia eléctrica, ademas
del fraccionamiento del mismo para su comercializacion
directa. Un equipo experimentado se encuentra a cargo de los
riesgos presentes los cuales son bien entendidos y controlados

mediante la buena operacion y mantenimiento de los equipos.

Aun asi el proyecto es considerado de “Alto Riesgo” debido al

giro del negocio.

Historial de Pérdidas

El riesgo sufrido la rotura de un alabe, en la turbina de la planta

generadora en el aino 2002 con una pérdida combinada de danos a la

propiedad e interrupciéon de negocios por un valor de US$ 6°000,000.

Valores y Resumen de Estimado de Pérdidas

PMLs han sido calculados usando vaiores proporcionados por

Aguaytia Energy. Esta referencia debe ser tomada en cuenta en el
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capitulo de Estimado de Peérdidas.

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

las siguientes areas:

Planta de Energia -Aguaytia 80 00,000
Sistema de Transmision 79,325,000
Planta de Gas - Zorillos 31,185,000
Gas & NGL Gaseoducto 38,390,000
Planta de Fraccionamiento — Pucallpa 19,155,000
LPG Transferencia - Manantay 2,620,000
Equipo de Campo & Caminos 17,800,000
Maquinaria & Equipos 225,000
Vehiculos 125,000
Equipos de Comunicacion/Electrénicos 890,000
Maple Gas 12,353,000
Total 282,068,000

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

los escenarios que se pueden presentar.

Los calculos del PML estan 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 interrupciéon del negocio esta basada en la proyecciéon de las
ganancias en un periodo de 12 meses y estan asociadas con los
ratios de produccion. Los actuales valores dependen de las

condiciones del Mercado en el tiempo de |la pérdida.

El valor declarado por Aguaytia Energy es de US$ 30 millones y
Maple Gas US$ 10 millones sumando un total de US$ 40,000,000.
durante 12 de actividad para el periodo 2004/2005. EIl periodo de
indemnizacion es de 15 meses lo cual se refieja en el cuadro de PML

que se expone a continuacion.

Escenario US$ millones Comentarios
DP | IN DP+IN

Maquinaria (RM) | Eléctrica

Dafos a la | Sep. de Gas 18 (409 | 58.9 15 meses

Propiedad (OP) | planta 15 | 9.4 | 244 |15 meses
Eléctrica

Rotura de | Planta 18 9.4‘ 27.4 15 meses




2.1

CAPITULO I

MEMORIA DESCRIPTIVAY

ORGANIZACION GERENCIAL

Planta de Procesos

2.1.1 Reservas de Gas

El campo de Aguaytia provee de las unicas reservas de gas
himedo a la planta de separacion en Zorillos. EI campo esta
ubicado a 6km de los pozos y a 4km de la planta, conectado

por medio de una tuberia de acero al carbono de 4” dia.

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 oftros tres se encuentran disponibles para
operaciones de reinyeccidon cuando la planta eléctrica no se

encuentra operativa. Esto maximiza la extraccion de NGLs.
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Todas las valvulas y seguros en la cabeza del pozo (Arbol
Xmas) son operadas de manera manual. En la fotografia se
puede apreciar el pozo Numero 5 durante unas labores de

mantenimiento, en las cuales se reemplazod la linea de flujo.

Figura # 2 Arbol Xmas

La presion en el flujo es de 2500 psi y la presidn de cierre es
de 3500 psi. El gas contiene un 2.8% de CO, La maxima

capacidad de produccion del campo es de 60 mmscfd.
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La presencia del CO;, ha resultado en la prematura falla de la
linea del pozo No.5 en el afno 1998 asi mismo cerca a la planta
de gas, el acido carbénico ha inducido un proceso de
corrosion. Por este motivo se ha tenido que revisar el disefio
original de ABB Randall y tomar las medidas correctivas que
han sido propuestas por los consultores especialistas

(Metallurgical Consultants Inc.) contratados por  Aguaytia

Energy:

e La linea de flujo del pozo No. 5 ha sido completamente
reemplazada con acero al carbono.

e Todas las demas lineas de flujo a una distancia de 150
metros de calentador de gas en la planta de separaciéon
han sido reemplazados por el mismo material.

e Los arboles Xmas y las tuberias de produccion fueron
reemplazadas en los pozos No. 5, 6 y 3 con tuberia de
cromo/niquel

e Se inyecta agentes -anticorrosivos a cada pozo con la
finalidad de proteger las lineas y reducir la corrosién a

niveles aceptables.

Aguaytia Energy esta envuelto en un proceso de arbitraje en
los US con Lummus Global para resolver el problema. A la

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

futuro.

Unidades de Proceso

2.1.2.1 Planta de separacion de Gas

El propdsito de esta planta es el de separar los Liquidos 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 estandar, que
utiliza una tecnologia bien conocida, la cual incorpora un turbo
expansor Rotoflow y un enfriador de aluminio ALTEC para
obtener una maxima eficiencia en el proceso y extraccion de
liquidos. La temperatura mas baja en el proceso es de —90 °Cc
y la mayor se alcanza en la parte superior del de-etanizador.
El proceso de calentamiento por sistema de aceite opera a
340 °C y se enfria via intercambiadores de calor fin-fan.

La separacion del gas residual se inicia mediante la
compresion a 1050 psig por medio de dos motores Caterpillar
que mueven compresores reciprocantes Ariel de 1666 HP
cada uno y abastecen una linea de 12" dia 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 caso 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 Ia

corrosion por CO; incluyen:

e Reemplazo del ingreso de gas al Cooler con una nueva
unidad de acero inoxidable.

e Reubicacion y reemplazo del ingreso de la cabeza de gas
humedo con uno nuevo de acero inoxidable.

e Reemplazo de las lineas enterradas por una sola de gran

diametro en la secciéon elevada.

En adicién, se ha programado un monitoreo de los espesores
de las tuberias implementando 40 puntos de inspecciéon tanto
en el ingreso del gas humedo en la planta de separacién. Estos
puntos de inspeccion fueron identificados por el consultor en
corrosion y las muestras son monitoreadas cada 15 dias.

Debido al incremento del nivel de humedad como resultado de
la inyecciéon del inhibidor de corrosion en las cabezas de los
pozos, se ha recortado el proceso de regeneracion del filtro

deshidratador, lo cual estaria limitando la capacidad de
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operacion de la planta. Se ha puesto en consideracion
iIncrementar el flujo de aceite caliente durante el proceso de

regeneracion mediante la instalacion de una mayor bomba de

recirculacion.

Figura # 3 Una vista panoramica de la planta.

2.1.2.2 Planta de Fraccionamiento

E| propdsito de esta planta es separar los LPGs (propano y
butano) de los NGL que se reciben de la planta de separacion.
Ademas la gasolina natural es separada y enviada por una
tuberia existente a la Refineria 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 tecnologia convencional. El proceso de calentamiento se
realiza por medio de aceite que opera a 300 °C y el
enfriamiento es via intercambiadores de calor tipo fin-fan. Toda
la planta cuenta con valvulas 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 presion de 227

m®. Desde ahi se alimenta por sistema de bombeado a la
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columna de fraccionamiento de LPG. Ahora que inyecta un
inhibidor de corrosidon en la planta de separacién, no parece
causar dificultades en ninguna parte del proceso. Los
chequeos realizados en los recipientes a presion no parecen

revelar sintomas de corrosion.

Los LPGs son almacenados en uno de los recipientes a
presion de 227 m® 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
instalacion también puede ser utilizada para enviar LPG via

carretera a la estacion de transferencia en Manantay.

La estacion de transferencia de LPG en Manantay esta
localizada cerca y consta de 4 recipientes de almacenamiento
de LPG similares al que se tiene en la planta de
fraccionamiento, ademas de contar con una estacion de
descarga. Desde ahi mediante una tuberia de 4” dia.a lo largo
de 7 kildbmetros se envia el gas hacia las instalaciones
portuarias de Pucallpillo. La instalacion de transferencia de
LPG no esta siendo utilizada actualmente, por lo que no se

almacena LPG y sdlo 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 subestacion que cuenta con
lineas de transmision de 220 kV. Todos los switchgear estan
sumergidos en SFe.

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 inyeccion 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 tuberia de gas consiste en un separador de liquidos y un
sistema de recepcioén, la experiencia durante las operaciones
ha comprobado que se .trata de un porcentaje bajisimo de

condensado el que se recibe en la planta.

Cuando no se encuentra en operacion las turbinas se les
mantiene en rotacion y el generador se mantiene caliente. El
control y la protecciéon de la maquinaria esta brindado por el
sistema ABB Egatrol 300 system que incluye monitoreo de

vibracién y desplazamiento de ejes.

El cuarto central de control monitorea la operacion de ambas
turbinas asi como la subestacion de 220 kV. El equipo del
cuarto de control no esta necesariamente para operar la
turbina ya que cada una de estas puede ser operada desde

una estacion local.

En un acuerdo con la red nacional de despachos, se asegura la
operacion de las turbinas con una carga minima de 40 MW por
al menos cuatro horas, luego de lo cual se reduce a 6.5 MW
por un maximo de 8 horas para luego volver a despachar 40
MW o mas. Cuando se inicia un despacho, una parada de la
turbina debe ser avisada con 20 minutos de anticipacién, en

caso contrario se sufriran penalidades y multas.
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Figura # 6 Vista panoramica de las unidades turbogeneradores.

2.1.2.4 Sistema de Transmision de 220 kV

E! circuito simple de 220 kV Aguaytia — Tingo Maria -
Paramonga es una linea de transmision de aproximadamente
392 kilbmetros de longitud que atraviesa diferentes zonas con
diferentes condiciones climaticas, tales como la jungla tropical,

las montanas y la costa, la altitud varia hasta en 4700 metros.

La linea consiste en tres segmentos. El primero va desde

Aguaytia a la subestacion de Tingo Maria a lo largo de 73 km.
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El segundo sale de Tingo Maria hacia la subestaciéon de
Vizcarra a lo largo de 173 km. EIl tercer segmento continua

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

Los cables se encuentran suspendidos en estructuras
metalicas, autos soportados en torres de disposicion triangular
con conductores y sistemas de proteccion apropiados. Los

cimientos son independientes para cada pata de soporte.

La linea esta dividida en cinco zonas diferentes basadas en la
elevacion con respecto al nivel del mar y los calculos 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 suspension y 185
(21.6%) corresponde ha estructuras fijas. La separacion
maxima es de 458 metros, cada estructura esta equipada con
una malla de conexion a tierra de acero galvanizado. En el
peor de los casos de conduccidon se encuentra en la montana
donde el disefno se ha basado en una temperatura minima de
—10 °C, y una presién de viento de 45 Kg/m? y un maximo de

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

tension de ruptura.

Figura # 7 Vista panoramica de la subestacion Aguaytia.

2.1.3 Estado de las Operaciones

Las plantas de separacion de gas y fraccionamiento se
encuentran operando al 100% de su capacidad maxima de

produccion 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 segun lo acordado en el disefo original.

La planta eléctrica es dependiente de los requerimientos de la
red peruana y por el momento esta siendo utilizada para cubrir
horas pico. El periodo de operaciones de la misma suele ser la
estacion seca cuando la produccién de las hidroeléctricas se
encuentra en el minimo. Gracias a la conexién con la parte sur
de la red eléctrica peruana se ha producido un incremento en

la generacion de energia de la planta.

La disponibilidad de la planta en el ano 1999 fue de 99.14 y
94.7 para los GT1 y GT2 respectivamente. Las horas de
operacion equivalentes (EOH) hasta finales de Junio del 2000
desde que se comenzd operaciones esta mostrado en el

cuadro inferior.

Encendidos | Carga Horas de | EOH
Rapida Operacion
GT 11 |314 348 4,394 17,694
GT 12 [415 412 7,355 23,895

En la linea de transmisiéon los disturbios en el aino 2003 fueron
causados en un 30% por arboles y el restante 20% por rayos.
Los tendidos se consisten en columnas de 25 de area clara,

segun la regulacién 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 esta llevando acabo un programa de tala.

Se cuenta con 8 bypass de transmision que permiten que la
linea sea reparada en un maximo de 5 dias.

Hasta el momento no se han dado casos de siniestros en la
linea de transmicion debido a fuertes vientos caida de hielo

desde las montanas.

2.1.3.1  Peligros Inherentes

El peligro principal de fuego y explosiéon asociado con las
operaciones de gas esta centrado en el almacenamiento y
procesamiento de LPG en los recipientes a presion 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 areas expuestas a sobre presion, en
nuestra opinién no podrian.

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 diseno es el relativamente bajo nivel de

material inflamable, y la localizacion remota de las valvulas de



emergencia, las cuales pueden ser operadas tanto desde una
estaciéon manual como desde el cuarto de control. El principal
riesgo en la estaciéon de medicién en Neshuya y en la planta
eléctrica es la misma naturaleza de gas en tuberias, que puede

provocar jet fire en caso de una fuga.

Adicionalmente la planta de fraccionamiento y los almacenes

de LPG en Manantay presentan exposicién a BLEVE.

2.2 Sistemas Auxiliares

2.21

2.2.2

Vapor

No hay generacidén de vapor en ninguna de las instalaciones.

Electricidad

La planta de separacibn de gas genera su propia energia
eléctrica por medio de dos 100 % redundantes motores
generadores de 500 Kw Waukesha. La demanda maxima es
de 250 Kw.

La energia eléctrica de la planta de fraccionamiento de gas se
proveée de la red publica por intermedio de Electro Ucayali, via
un transformador.

La planta de energia eléctrica no cuenta con un sistema de
arranque independiente por lo que necesita de las lineas 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 iluminacion y los servicios

auxiliares.

Agua
El proceso no requiere de agua, la cual es sin embargo

suministrada mediante pozos profundos en cada local.

Combustible

El requerimiento de combustible para los calentadores de
aceite, y el calentador de la planta eléctrica provienen del

mismo abastecimiento de gas.

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

en cada una de las locaciones segun su necesidad.

Nitrégeno
Nitrogeno es usado para purgar los recipientes y las tuberias

son adquiridas en cilindros a un tercero.
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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

2.3.2

Recipientes sin Presurizar

Los almacenes al aire libre estan limitados a pequenos 100 bbl
tanques en ambos locales de procesamiento. Estos estan
ubicados en areas individuales separados del resto del

proceso.

Recipientes Presurizados

Los almacenes presurizados consisten en 18 x 227 m°®
recipientes de LPG en la planta de fraccionamiento y otros
cuatro recipientes iguales en la estacién de transferencia en
Manantay.

Estos recipientes no estan equipados con anillos de
refrigeracion, sin embargo se cuenta con monitores al principio
y al final de los domos. Drenajes bajo los recipientes evitan la
acumulacion de liquidos en la parte inferior de los mismos, los

recipientes se encuentran rodeados por pequenos monticulos
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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 estan
siendo utilizados y s6lo son mantenidos con presion de gas.

Como se puede notar en la fotografia los recipientes estan
protegidos por muros de concreto contra ataques terroristas
con cohetes. Estos evidentemente también cumplen con la

funcion de muro cortafuego que permite focalizar el incendio.

Figura # 8 Vista de los recipientes de Gas.

2.3.3 Almacenamiento Refrigerado

No hay almacenes refrigerados.
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Importacion / Exportacion de Equipos

241

Fluvial

Un puerto para carga de barcos LPG se encuentra disponible
en las riveras del rio Ucayali en Pucallpa. Este consiste en una
instalacion flotante y flexible de carga en las riveras del rio, sin

embargo nunca ha sido utilizada hasta el momento.

2.4.2 Tren

243

No hay instalaciones de tren disponible.

Caminos

El LPG es exportado en camiones tanque diariamente que
operan teniendo como base la planta de fraccionamiento. Los
camiones tienen una capacidad maxima 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,
ademas se cuenta con cuatro camiones mas para el despacho
local de LPG hacia algunas compaiias embotelladoras del

area de Pucallpa.



2.4.4 Tuberias

Todas las lineas de encuentran enterradas a 1.5 metros de
profundidad a la derecha del camino y en la jungla se
mantienen libres de vegetacidon los 12 meses del ano, asi
mismo las inspecciones se realizan por tramos diariamente.
Todos los cruces de rio se realizar6n mediante el modo de
directionally drilled. La Maxima Presion de Operacion en la
tuberia es de 1104 psig y la presion normal es de 1050 psig.

Todas las instalaciones poseen sistemas de lanzado vy
recepcion de “chanchos”. No hay valvulas de bloqueo
automatico instaladas en las tuberias, exceptuando el inicio y
fin de cada locacién. Las tuberias son operadas como parte
del sistema ESD de la planta, todas las valvulas intermedias de
bloqueo son operadas de manera manual. La tuberia de gas es
limpiada cada 15 dias lo cual reduce la acumulacién de
condensado y disminuye la posibilidad de corrosiéon. Un
inhibidor de corrosion es ahora inyectado debido a |la
sugerencia departe de un consultor debido a los danos iniciales
ocasionados por el CO,. La integridad de la linea se
comprueba cada cierto tiempo utilizando un Tuboscope.
Durante la ultima operacion (2002) la linea se encontraba en
buenas condiciones. El siguiente cuadro muestra las tuberias

que interconectan las diferentes locaciones del proyecto. Las
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clases de la tuberia estan de acuerdo con el estandar ASME

B31.8 como se indica.

Ruta ASME B31.8 Dia. Distancia Rios
Class Type (inches) (km) Cruzados
Zorrillos - Neshuya 1 12 37.5 Aguaytia, Uruya,
Tahuayo

Neshuya - Aguaytia 1 10 83 Alejandro

2 10 1.5
Neshuya - Pucallpa 1 6 50.9 Neshuya

2 6 3.6

3 6 1.5 -

Layout y Construcciones

El proyecto ha sido disefnado 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 generacion 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 via el rio
Amazonas.

EGraﬁa & Montero, quien es un reconocido constructor en Peru, se
encargo de la ereccion y el ensamblaje. Se procedi® a una
estabilizacion intensiva del terreno y a la construcciéon 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 estandares ASME VIl (National Board Certified).

El diseno de la planta y la distribucion de la misma se pueden
considerar como bueno debido a la localizacidn remota de los
calentadores de aceite con respecto a las areas de proceso y las
lineas de abastecimiento. Las lineas de interconexion estan por lo
general a nivel del suelo. La casa de compresion es una construccion
abierta que impide la concentracion de gases inflamables como se

puede notar en la fotografia.

Figura #9 Vista de Casa de Compresion



El almacenamiento de LPG en la planta de fraccionamiento esta
ubicado a una distancia de 60 metros del area de proceso. Los
recipientes estan ubicados en doble linea con el final de los demas
lejos del area de proceso. Los cuartos de control estan por lo general
ubicados a 60 metros de cualquier proceso. Ademas las reservas de
agua contra incendio y el sistema de bombeo esta localizado a buena
distancia. Ademas hay una buena separacion entre la planta y el

cerco perimeétrico.

Por el hecho de estar montada sobre bloques, la superficie aledana a
los procesos no se encuentra sellada y no hay sistema de drenaje
subterraneo. El agua fluye de manera natural s6lo mediante una ligera

inclinacién fuera de las areas de proceso.

El ingreso de gas humedo esta localizado a 30 metros afuera de la
casa de compresion lejos de cualquier exposicion de la misma en
caso de un jet fire. Las instalaciones de mantenimiento de tuberias

estan bien ubicadas en todas las locaciones.

Todos los enfriadores del tipo fin fan estan equipados con protectores
contra vibracion. Las bombas de aceite y de LPG estan equipadas
con un doble sello mecanico 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

2.6.2

2.6.3

Filosofia

El control de procesos es un PLC Allen Bradley basado e
incluido en el ESD, 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 energia. Una bien disefiada pantalla VDU

muestra claramente las condiciones del proceso.

Cuartos de Control

Cada locacion cuenta con un cuarto de control individual el cual
controla el area de procesos de manera remota. No es una
construccion resistente a explosiones y no tiene un sistema
contra incendios de proteccidén incorporado. Hay que anotar
que la planta de energia eléctrica puede operar sin el cuarto de

control.

Sistema ESD

Las dos plantas de procesamiento y la planta de generacion
eléctrica estan equipadas con un sistema ESD el cual brinda
los parametros de los procesos y es activado mediante botones
en el campo. El sistema ESD opera a dos niveles, el primero es

apagando por completo el proceso y el segundo es aislando las
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tuberias de ingreso y salida mediante valvulas servo asistidas.
El sistema ESD esta disenado para registrar menos de una
falla por ano. ElI sistema de proteccion de los turbo
generadores esta manejado y se activa de manera automatica

mediante el ABB Egatrol 300.

Sistemas de Escape

Solo se cuenta con una antorcha elevada en la planta de
fraccionamiento. Este equipo cuenta con sistema de encendido
automatico. No hay valvulas duplicadas instaladas. Todas las
valvulas de alivio estan aisladas del proceso mediante valvulas

de bloqueo.

Aislamiento Remoto, Despresurizacion y Desfoque

Debido al limitado inventario en las areas de proceso, no hay
valvulas de aislamiento o de despresurizacion y desfogue
instaladas en las lineas de proceso. Las operaciones de
aislamiento remoto mediante valvulas solo se dan en los

ingresos y salidas de cada sitio.

Medidas contra la Combustion

Todos los calentadores con llama estan equipados con un
doble sistema de bloqueo en el abastecimiento de gas. El

sistema de encendido es mediante una secuencia automatica.
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Proyectos

No hay proyectos de expansion en consideracién en ninguno de los

tres locales, por lo menos en el futuro inmediato.

Debido a los resultados de la inyeccion del inhibidor de corrosion en
las lineas de flujo en el campo, se esta 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

separaciéon de gas.

Organizacion

Las operaciones y el mantenimiento de las plantas de gas estan a
cargo de Maple Gas que es encuentra bajo contrato. De la misma
manera Duke Engineering and Services opera la planta de energia
eléctrica y el sistema de transmision, ambos contratos son abiertos.

Maple Gas ademas opera la Refineria 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 areas de operaciones. Aproximadamente 20 personas

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

2.9.1

2.9.2

Organizacion

Las operaciones y el mantenimiento estan 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 petréleo, en la empresa Petroperu. Un gerente
extranjero estuvo a cargo de las operaciones de construccion y
la puesta en marcha de la planta durante el primer ano de

operacion.

La Gerencia operaciones y el mantenimiento tienen como base
operativa la ciudad de Pucallpa la cual esta a cargo de las
operaciones de gas, y ambos jefes de planta deben reportarse

directamente con él.

La operacion de la planta eléctrica y el sistema de transmision

se manejan directamente desde Aguaytia.

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. Ademas
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 estan distribuidas

en las instalaciones.

2.10 Ingenieria

2.10.1 Organizacion

Un numero limitado de personal y recursos para ingenieria,
tienen su base en Lima y se encuentra concentrado
principalmente en las operaciones de Generacion vy

Transmision de Electricidad.

2.10.2 Estandares de Ingenieria

La planta fue construida usando los estandares de la APl y
ASME VIIl ademas de los requerimientos de la NFPA para lo
que es sistemas de proteccidn contra incendios. Hasta la fecha
no se han desarrollado estandares propios de Aguaytia

Energy.

2.10.3 Proceso de Analisis de Riesgos

Las plantas de gas fueron sometidas a un HazOp en el ano
1997 el cual fue llevado a cabo por la firma Quest Consultants
Inc de USA. De esa revisidon surgieron 33 puntos de accion.
Adicionalmente la Sea Crest Group of Charlottesville de USA,

llevo a cabo un Estudio mayor de Riesgos cuando el proyecto
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se completo en el afo como requerimiento de la Overseas
Private Investment Corporation (OPIC).

2.10.4 Gerencia a Cargo

Todas las partes involucradas en un cambio o modificacién son
consultadas antes de tomar una decision sin embargo no se
cuenta con un procedimiento normal para el control de este tipo

de actividades.

2.11 Mantenimiento

2.11.1 Organizacion

Los servicios de mantenimiento de ambas plantas de gas son
provistos por Maple Gas desde sus talleres ubicados en la
refineria de Pucallpa. Duke Engineering and Services (PIC)
provée el personal de mantenimiento a la planta de generacion

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 Aguaytia. El entrenamiento cubri6 las operaciones, el

mantenimiento y la inspeccién 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

inspeccioén.

2.11.3 Filosofia
La filosofia de mantenimiento se basa en mantenimiento
preventivo y predictivo con una estricta aproximacién a lo que

el disefiador del equipo recomendo.

Las paradas generales de las plantas de Gas se deberan llevar
a cabo en intervalos de cuatro o cinco anos para que el servicio
cumpla con las condiciones medio ambientales y los

estandares requeridos.

2.11.4 Electricidad

El analisis 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 transmisidon ha sido dividido en tres partes para
un mejor mantenimiento. Los equipos de mantenimiento de la
linea de transmision tienen como base de operaciones la

subestacion de Tingo Maria
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2.11.5 Mecanica
Las actividades de mantenimiento de las turbinas estan a cargo
del personal de PIC, lo que incluye las inspecciones del Tipo A,
B y C. En caso de ser necesario se podria recurrir a personal
auxiliar por parte del constructor ABB. Aguaytia debe
asegurarse que las partes se encuentren disponibles y en la
localizacién por lo menos seis meses antes de una inspeccion

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
operacion. 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 operacion. Todos los
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equipos y sistemas parecen estar 100% operativos.

Los analisis de aceite (incluyendo evaluacion metalografica) es
llevado a cabo por Shell con intervalos de 15 dias. Reportes
completos son producidos por las areas que realizan la
inspeccion. Ademas Shell provee el servicio de analisis de
vibracion a todos los equipos rotativos (Shell Predictive), cada

cuatro meses incluyendo un reporte completo.

2.11.6 Instrumentacion

Los instrumentos de procesos son evaluados durante las
operaciones, sin embargo el sistema ESD soélo puede ser
evaluado con el sistema desconectado. Por lo que para testear
el sistema ESD hay que retirar de servicio todas las plantas.
Debido a esto se espera que la planta tenga una para al ano de
4 o 5 horas a fin de probar el sistema ESD. El sistema de
proteccidn catddica de la tuberia 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 refineria.
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2.11.8 Documentacion y Reqgistros

Las historia detallada de cada maquina se encuentra en una
base de datos es ACCESS, asi 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 mas grandes, tales como las cabezas
de los compresores o equipos de gran tamafno son colocados
en los almacenes de Maple en la Refineria. Solo 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 Tingo Maria para

almacenar equipos y partes de la linea de transmision.

- 2.12 Inspeccion
No hay un departamento dedicado solamente a inspeccion. El
personal de mantenimiento se encarga de la realizacion de las

inspecciones segun lo recomendado por los consultores y han sido
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entrenados en las mismas instalaciones.

El grosor de las tuberias y los recipientes es probado cada 15 dias en
los 40 puntos de inspeccion identificados como criticos en la planta
de gas usando un medidor Krautkramer DME. Una vez capturada la
informacioén esta es ingresada de manera manual en un cuadro que
permite capturar el indice de corrosion en cada punto. Hay que tomar
en cuenta que no se realiza ningun tipo de inspeccidn 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 corrosion en la planta de

fraccionamiento.

Se ha utilizado un Tuboscope para verificar la integridad de la linea
desde la planta de gas hasta la planta eléctrica, no se encontraron
evidencias de corrosion. Sin embargo se instalaran puntos de

monitoreo tanto en la linea de 10 “como en la de 12"dia.

La planta estad equipada con una sola valvula 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

deberian instalarse valvulas de alivio adicionales equipadas con su
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respectiva valvula de bloqueo. Un registro de los set points de todas
las valvulas de escape deberia ser llevado junto con los resultados de

los tests.

2.13 Seguridad

2.13.1 Organizacion

El personal de Maple Gas provee los servicios de seguridad
industrial para el proyecto completo incluyendo la planta
electrica. El gerente de Seguridad reporta directamente sus

operaciones con el director.

2.13.2 Performance
Las estadisticas de accidentes del proyecto no son muy
buenas debido al los siniestros sufridos durante el afo 2002, el
cual costo alrededor de seis millones de ddlares 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,
ademas de realzarse varias auditorias. Reportes detallados
son preparados a fin de llevar a cabo las mejoras resultantes

de las auditorias y comités.
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2.13.4 Inspecciones y Auditorias

Se lleva a cabo de manera mensual e incluye un checklist. Un
programa detallado de manejo de seguridad es planteado cada
afo e incluye las actividades como auditorias, entrenamientos
(permisos de trabajo, aislamiento de equipos, investigacion de
accidentes, proteccion contra incendio), y revisiones de los

planes de emergencia.

2.13.5 Control de las Fuentes de Ignicion

Sellos y bridas colocadas en cada trabajo en las tuberias,
ademas de una clasificacion de los equipos eléctricos segun 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 comun como parte del procedimiento de los

permisos de trabajo.

2.13.6 Ordeny 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 Organizacion

Todo el personal de operaciones y mantenimiento ha sido
entrenado y es capaz de operara los equipos de proteccion

contra incendios.

2.14.2 Experiencia y Entrenamiento

El entrenamiento regular es realizado en las instalaciones de
Maple en la refineria donde ademas 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 estaria brindada tanto por los
bomberos de la refineria como los bomberos voluntarios de la

ciudad de Pucallpa. No hay bomberos voluntarios en Aguaytia.

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 tacticas de respuesta.
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2.14.5 Simulaciones

Mensualmente se realizan practicas con extiguidores. La
brigada publica de Pucallpa y los bomberos de la refineria de
Maple participan de los ejercicios conjuntos en la planta de

fraccionamiento.

2.15 Vigilancia

2.15.1 Organizacion

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 estan rodeadas por cercas y guardias
durante las 24 horas del dia en todos lcs 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 separaciéon de gas y hay otra en Aguaytia. Sin embargo hay
que anotar que la marina viene reduciendo la cantidad de

personal en la zona.
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CAPITULO Il

EXPOSICIONES A RIESGO

Antecedentes

Aguaytia Energy, dueno del proyecto, es una compania creada para
financiar, construir y operar el proyecto. Esta entidad privada es

subsidiaria de:
e The Maple Gas Corporation

e Pan Energy International Development Corporation (Acquired por
Duke Energy)

e El Paso Energy International Company

e |linova Generating Company

e Scudder Latin American Power Fund

e Power Markets Development Company

La construccion comenzé en Agosto de 1996 bajo la modalidad de 3
contratos EPC llevados acabo por ABB y sus subsidiarias (LGA,

ASESA). La operacion comercial empezé en Julio de 1998.
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Este proyecto es el primero en explotacion de gas natural en el Peru,
para el cual Aguaytia Energy tiene la concesiéon durante los préoximos
40 anos. Hasta el momento se han encontrado reservas de gas

natural con un tiempo de explotacion estimado en 22 a 25 anos.

Ubicacion

EL campo de Gas/Condensado de Aguaytia esta situado en la rivera
del rid Aguaytia en el departamento de Ucayali con las coordenadas
75° 12°W, 08° 24°S, aproximadamente a 75 kildmetros al oeste de

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

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

Alli se ubica una estacion de medicion y despacho de gas hacia
Neshuya, unos 38 kilbmetros Sur-Este de la planta de separacién de
gas. Donde el gas se divide, una parte es enviada a Pucallpa, 56
kilbmetros 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 energia eléctrica. La elevacién del terreno es en
general entre los 250 y los 300 metros por encima del nivel del mar y

la temperatura fluctia entre los 15°C y 38°C.

La linea unica de transmision de 220 kV cruza los Andes via la

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

del Pacifico con coordenadas77° 49°'W 10° 40°S.

La linea atraviesa cuatro diferentes zonas climaticas, jungla, montana,

puna y costa con una variacion de altitud de hasta 4700 metros.

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

seguida por la linea de transmision.
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3.3 Exposicion

3.3.1 Fuego y Explosion

La exposicion del proyecto al fuego, explosiéon, rotura de
maquinaria e interrupcion de negocios seran vistas en el

capitulo Estimados de Pérdidas.

3.3.2 Rotura de Maquinaria

Las claves en rotura de maquinaria se encuentra ubicada en la
planta de separacion de gas (compresores de gas) y en la
planta de generacion de energia (turbinas-generador a gas).
Ambos riesgo seran revisados en profundidad en el capitulo de

Estimados de Pérdidas.

3.3.3 Subsuelo
Las fres operaciones se desarrollan en suelo arcilloso, ésta
region del pais no se caracteriza por tener movimientos de
tierra y no hay areas rocosas presentes. A pesar de esto todos
los equipos y estructuras poseen un soélido cimiento en
concreto incluyendo las columnas de destilacion en la planta de
separacion 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 lineas de transmision cruzan los Andes a traves de
diferentes tipos de terreno, y se ha tomado como medida de
precaucion el adecuar cada una de las Torres de transmision a
las particularidades de cada suelo. Para mayor informacion
una torre a sido reubicada (No. 9) debido a lo débil que resultd
el suelo en las inmediaciones del rio Aguaytia. 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

rapidamente.

Todas las carreteras de acceso (excepto el tramo final hacia
Pucallpa) estan sin pavimentar y esta sometidas a un fuerte
dano durante la temporada de lluvias que suele ser entre
Noviembre y Abril. El acceso por los Andes esta limitado por
una sola carretera, la cual estda en buenas condiciones y

pavimentada, desde Tingo Maria hasta la costa.

Exposiciones a Fenomenos Naturales

Todas las instalaciones estan alejadas de los centros poblados
o de otras industrias en zonas verdes. Las tuberias se
encuentran enterradas por completo.

Rayo

Las locaciones se encuentran expuestas a tormentas eléctricas

en un promedio de 100 dias por ano. Todos los equipos
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cuentan con una adecuada puesta a tierra y se cuenta con una
malla subterranea en todas las instalaciones. Las lineas de
transmision estan equipadas con escudos protectores contra

los impactos por rayo.

Terremoto

Las operaciones de gas y la planta de energia eléctrica se
encuentran en un area clasificada como Zona 3 por Munchener
Ruck, con un sismo de escala VIll en Mercalli Modificada con
una probabilidad del 20% en 50 anos equivalente a un periodo
de 250 anos. La linea de transmision ingresa a una Zona 4
(Mercalli IX) en el extremo oeste cercano a la costa del Pacifico

en Paramonga.

Las estructuras de soporte de los equipos estan disenadas

para soportar un terremoto mayor al estimado y los equipos de

proceso estan reforzados mas de lo normal.

Tsunami

No hay exposicion a este tipo de riesgo.

Terrorismo

Con la captura de los 2 principales lideres terroristas en el afo

1992, este riesgo ha disminuido a proporciones en que se
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puede considerar como despreciable. Los ultimos incidentes
ocurrieron en el ano 1994 y desde ahi no se ha mostrado
mayor actividad 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 dia.

Inundacién, Tormenta

La jungla tropical, sufre de tormentas con un promedio de 1000
a 1500 Mm. /ano. Las instalaciones estan 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 filtraciéon, ademas el sistema no cuenta con bombas de

apoyo por lo que el agua se evacua so6lo de manera natural.

Todas las tuberias que cruzan rios han sido realizadas
mediante el método de “directionally drilled” (excavado

diseccionado) y las tuberias estan enterradas a una
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profundidad de 1.5 metros. Esto minimiza la exposicion a
riesgos. Durante la estacion de lluvias los caminos de acceso
sufren danos de manera constante debido a la falta de

mantenimiento.

3.3.10 Caida de Aeronave

El dnico sitio que tiene exposicidon 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

Exposicion limitada debido a que el barco de LPG vy 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 fraccionamiento. La exposicién potencial a impacto
de vehiculos contra las instalaciones es limitada. No se permite

el ingreso de vehiculos no autorizados.

3.4 Historial de Pérdidas.
El riesgo sufrid la rotura de un alabe, en la turbina de la planta
generadora en el ano 2002 con una pérdida combinada de danos a la

propiedad e interrupcion de negocios por un valor de US$ 6°000,000.
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VALORES ASEGURADOS

Propiedades

Los valores presentes han sido brindados por Aguaytia Energy. Estos
valores seran utilizados en nuestros estimados de pérdida, sin

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

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

Planta de Energia -Aguaytia 80,000,000
Sistema de Transmision 79,325,000
Planta de Gas - Zorillos 31,185,000
Tuberias de Gas & NGL 38,390,000
Planta de Fraccionamiento - Pucallpa 19,155,000
Local de Transferencia deLPG - Manantay 2,620,000
Caminos y Equipos de Perforacion 17,800,000

Maquinas y Equipos 225,000
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Vehiculos 125,000
Equipos electréonicos y de comunicacion 890,000
Maple Gas 12,353,000
Total 282,068,000

Los escenarios que se han considerado para el PME de Darios a la
Propiedad y Rotura de Maquinaria estan considerados para el
proximo periodo de aseguramiento iniciandose el 20 de Julio del

2004.

Los calculos del PME estan 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.

Interrupcion de Negocios

El calculo del PME de Interrupcién de Negocios esta basado en la
producciéon del periodo anterior, pero adecuandolo a los precios
actuales del mercado y deberian reajustarse en caso de sufrir una

pérdida.

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

Gas US$ 10 millones haciendo un total de US$ 40,000,000 para 12
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meses basado en las expectativas del negocio para el periodo

2000/2001. Con un periodo de indemnizacion de 15 meses.



CAPITULO V

ESTIMADOS DE PERDIDAS

Se deja en claro que este estimado de pérdidas es solamente una guia de
referencia para el suscriptor, y que en ningun momento intenta cubrir todas

las posibles eventualidades.

5.1 Definicion de Pérdida

Para propdsitos del seguro, la definicién de pérdida es la siguiente:

5.1.1 Pérdida Maxima Estimada (PME)

La pérdida maxima estimada (PME) es definida como: “la
pérdida que puede ocurrir en situaciones anormales en las
cuales todos los sistemas de proteccién fallan y el incendio
solo puede ser detenido por una barrera insalvable o por falta

de material combustible”
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Danos a la Propiedad PME

5.2.1 Explosion de Nube de Vapor (VCE)

En nuestra opinion se trata de un riesgo con una probabilidad
bastante remota, la explosion de una nube de vapor tanto en la
planta de separacidon 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 explosion potencial.

Una explosion de nube de Vapor (VCE) puede resultar de la
ignicibn de una nube de vapor generada por la rapida
liberacion de un liquido inflamable que se vaporiza o de una
fuente de gas a alta presion. Danos producto de sobre presion,
con la subsiguiente rotura de los equipos de proceso, pueden
ser el resultado directo de grandes llamas a velocidad
generadas por el proceso de deflagracion como resultado de

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

Una potencial pérdida catastréfica existe cuando se tiene una
gran acumulacion de los siguientes tres tipos de material
inflamable almacenados en la cercania o en la misma area de
procesamiento:

Tipo 1 Gases inflamables comprimidos y vapores cercanos a

su presion critica. La presiéon es lo suficientemente
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alta como para producir una nube de vapor que se
confine dentro de la estructura de procesamiento.
Tipo 2 Gases inflamables de Hidrocarburos a presién en
estado liquido.
Tipo 3 Liquido inflamable con un punto de ebullicién superior
a los 20°C y un flash point inferior a 40°C cuando se
presenta en estado liquido con una presién cercana a

su punto de ebullicién a presion atmosférica.

5.2.2 Reconocimiento

Los equipos de procesamiento en ambas locaciones han sido
construidos mediante la utilizacion de mdédulos, con un minimo
nivel de congestion o confinamiento presente. Pero aun asi una
fuga mayor resultaria en un “flash fire” con un minimo de

equipo danado debido a la sobre presion generada.

Gracias a la buena separacion existente entre el compresor y
el de-etanizador en la seccidn de separacion de gas (proceso
con en el que se encuentra el mayor valor), el dafo podria
considerarse como minimo para este tipo de eventos como se

demuestra mas adelante.

5.2.3 Seleccion de las Fuentes

La seleccion de las fuentes se basa en el siguiente criterio:
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La localizacion de la fuente en o cerca de de areas de
proceso de gran valor y con gran concentracion de
bienes en donde se reunen 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 catastrofica.

La localizacion de las areas cerca de un area del
proceso donde se pueda causar una potencial

interrupcién del negocio con elevadas pérdidas.

La siguiente lista muestra los lugares en donde se podrian

generan los mas significativos VCE escenarios.

Components [Temp|  Type 1 Type 2/3 Cloud
No|  Description [Type : :
Name Wt | °C P(bargﬁd (mm)} V(m3) (@) | M@ | r(m)|Drift (m
o/
1 | De-ethaniser 2 | Propane 100 | 37 : 5 3 1 21
2 | Cold Separator | 2 |Butane 50 | -28 1 1 0 6
Propane 50
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Ambos almacenes contienen la suficiente cantidad de material
volatii 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

tamano, se ha seleccionado un caso para la evaluacion:

El caso seleccionado es una gran perdida en propiedad a

causa de ladano en el 16-0603 de-etanizador.

Cuantificacion y Estimacion de Zonas Danadas

Nuestra aproximacion refleja fundamentalmente los ultimos
avances en la estimacion de pérdidas en este tipo de eventos,
y se basa en un modelo utlizado por los mayores
reaseguradores en los ultimos anos. El método implica la inicial

cuantificacion del tamano de la nube de gas y su dispersion,

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

propagaria una llama con el consecuente dano por sobre

presion.

Las siguientes son las categorias de congestionamiento y
confinamiento en las estructuras de la planta, las cuales tienen

directa relacion con la magnitud del VCE:
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Severo
Moderado
Bajo

Minimo

Planta de Separacion 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 tuberia y formacién de una nube de.

Grado de confinamiento y congestion: Minimo/Bajo

Los circulos de sobre presion muestran las areas que se verian
afectadas en caso de una explosiéon en alguna de las

estructuras centrales.
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5.2.6 Asignacion de Valores a la Propiedad y Estimado de

Pérdidas

Consideraremos el dafio principal como una explosion inicial y
una onda de choque que parta desde los equipos de proceso o

sea producto de la ruptura de una tuberia:
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Localizacion del Dafto por Fuego y Explosion (%)
Anillo de Planta de | Maquinaria Torres de Tanques Distancia
Sobre Proceso Pesada Enfriamiento del Lugar
presion
>0.70 100 80 100 100 100
0.70-0.35 80 40 100 100 80
0.35-0.20 20 0 100 100 20
0.20-0.10 100 50 3
0.10-0.05 0 0 50 0 0
Los siguientes porcentajes de danos estan aplicados a las
zonas de valor relevante en las plantas, basados en el
porcentaje del area de cada planta que es cubierto por la zona
de sobre presion.
La pérdida maxima por VCE se puede estimar en menos de
US$ 3 millones ya que la onda de sobre presién generada no
excede los 0.2 Bar, lo cual causa grandes llamaradas de fuego,
pero no un sensible dafio por la onda de choque.
5.2.7 Jet Fire

El sitio con mayor exposicion a “jet fire” es la planta de
separacion de gas donde la alta presion (2500 psig) de llegada
del gas humedo esta localizado a 30 metros de la contraccion

donde se ubican los compresores.
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En el caso de una ruptura en la entrada de gas, resultaria en
un “jet fire” que destruiria aproximadamente el 50% de las
instalaciones. Una situacion similar podria darse en la tuberia
principal de 12" de gas residual en la estacion de Neshuya la
cual opera a 1050 psig, por cuya ruptura la presion bajaria

rapidamente.

La pérdida maxima estimada por “Jet fire” es: US$ 15 millones.

Spill Fire

La mayor exposicion a un “Spill fire” esta en el area donde se
encuentra el calentador de aceite. En éste proceso el sistema
de calentamiento opera cerca de su flash point, y por cualquier
falla rapidamente se puede incendiar, lo cual envolveria en un
mayor fuego todas las areas aledanas a este sector de la

planta.

Debido a la buena distribucion de la planta solo el de-
etanizador y el enfriador de la planta de separacién de gas se
verian afectados, esto representa el 40% del valor asegurado

de esa area.
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ElI dano en la planta de fraccionamiento sena
considerablemente inferior. La maxima pérdida estimada para

un “Spill FIRE” es: US$ 13 millones.

Incendio en Turbina

Un fuego incontrolable en una de las turbinas de gas, puede
resultar en una perdida de US$ 15 millones en danos en caso
que los sistemas de supresion fallen. Esto es un dafo en un

80% en la seccidén de la turbina/compresor.

5.2.10 Incendio en Taques

El almacenamiento consiste en tanques pequefios de 100 bbl
localizados en el interior de la planta de fraccionamiento en un

area aislada. Exposicion minima.

5.2.11 Peligros Naturales

El mayor peligro natural es un terremoto. Sin embargo debido
al tipo de construccion modular, el dano potencial no seria

superior a los peligros anteriormente evaluados.

La separacion existente entre las tres diferentes locaciones del
proyecto evita la acumulacion de bienes. Entonces la pérdida

maxima para Peligros Naturales seria de: US$ 15 millones.
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5.2.12 Conclusion

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 inflacion:

e Para un evento que ocurra en el siguiente periodo
asegurado.

e 15 de periodo de reconstruccién.

¢ Basado en los valores del 20 de Julio 2000.

Asumiendo una inflacion anual del 3%.
Ademas de agregar un 14.5% de gastos debido a la extincion
del incendio, remocién de escombros y gastos adicionales se

sugiere el siguiente estimado de perdida.

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

millones.

5.3 PME para Rotura de Maquinaria
Este riesgo esta asociado con
e El costo del reemplazo de grandes partes debido a la rotura.

e El costo de la reparaciéon 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 ocurriria de manera normal. El
desgaste o fatiga de los equipos en su tiempo de vida normal no esta

incluido.

Un incidente de este tipo puede ser el resultado de:

Defectos de material, disefio, construcciéon, montaje o

ensamblado.

* Accidente fortuito de trabajo tales como vibracion, mal ajuste,
pérdida de partes o inefectiva o mala lubricacion, golpe de ariete o
sobre calentamiento local.

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

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

de la estatica.

Para la mayor parte de procesos productivos, el dano consecuencial
de la interrupcion de la produccion es mayor que el costo del

reemplazo o la reparacion de los equipos.

Para ruptura de maquinaria, se evalua la exposicion catastrofica
(PME) que pueda causar mayor daio a los equipos y/o la produccion.
Para aclarar el concepto, es necesario dar una mirada a los equipos

de planta usados en este proyecto, los cuales podrian sufrir un
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accidente inesperado. En particular, podriamos ver las maquinas y
equipos con mayor exposicion 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 maquinas
rotativas), presion, temperatura y ambiente corrosivo (para los demas

equipos).

5.3.1 Maquinas Rotativas de Alto Riesgo

Las maquinas rotativas de altas velocidades tales como
turbinas, compresores, reductores de velocidad, alternadores
son mas propensas a sufrir danos accidentales durante la
operacion, debido a problemas de lubricaciéon, fallas en los
alabes, vibracion 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 6 2 meses.

Dafnos en equipos rotativos resultados de sobre velocidad,
excesiva vibracién o fallas en la fabricacion, pueden requerir
del reemplazo del casco exterior. Se considera a estos
escenarios como de muy baja probabilidad, porque se cuenta
con sofisticada instrumentacion tanto para la deteccion y

proteccidn de los equipos contra la sobre velocidad y vibracion
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en las turbinas de gas en Aguaytia. En ultimo caso estos
eventos catastréficos pueden ocurrir y sus danos deben de ser
evaluados. No se cuenta con casco o rotor de reemplazo para
las unidades turbogeneradores. Se cuenta con un pistén 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
tendria que ser enviado hasta la ciudad de Lima. EI mas
grande de los motores es de 40HP. Los estatores de los turbo
generadores marca ABB tienen que ser enviados a Lima para

su reparacion.

Los turbo generadores son monitoreados por un ABB Egatrol
300 el cual incluye deteccidén de vibracion y desplazamiento

con alarmas y parada automatica.

Magquinas Rotativas de Bajo Riesgo
Las maquinas rotativas que operan a bajas velocidades son

relativamente pequenas en cuanto a potencia y no poseen

" mayor exposicion a riesgo o valor que las maquinas de altas

velocidades descritas previamente.
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La planta cuenta con un considerable numero de bombas,
compresoras y otros equipos, los cuales pueden ser incluidos

dentro de esta categoria.

Equipos Fijos — Activos de Gran Valor

Los equipos fijos como las torres, intercambiadores, equipos a
presion, reactores y tanques todos estan disefados segun
codigos establecidos (ASME VIII and National Board Certified)
y la probabilidad de falla es baja Problemas especificos en
este tipo de plantas estan relacionados a fallas internas,
corrosion o colapso de metal por fatiga. A pesar de la gran
cantidad de equipos la probabilidad de falla es baja, y el dafo
potencial puede ascender a US$ 1 millén y el tiempo de
fabricacion puede considerarse de-etanizador o la columna de
fraccionamiento. El enfriador de aluminio puede incluirse en

este tipo de recipientes.

El riesgo de desintegracion del recipiente producto de una falla
de materiales no puede ser despreciado pero debe

considerarse como una falla con una posibilidad muy baja.

En adicion a la falla de material debe considerarse, la sobre
presion causada por una falla en una zona diferente como

seria el caso de una valvula de cierre.
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En general el proceso para llevar acabo la extraccion de gas y
el fraccionamiento del mismo es un proceso estandar bien
conocido y operado en la industria a temperaturas y presiones
moderadas. El uso de materiales exdticos esta limitado al
acero inoxidable en la zona del enfriador del gas hiumedo y el

aluminio en el enfriado de la planta de gas.

El siguiente cuadro muestra el valor de algunos equipos

criticos identificados.
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5.3.4 Maquinaria Rotativa de Alto Riesgo

Unidad item Valor Estimado } Comentarios
(US9)
Separaciéon de Gas 11-0601 A/B 1.5 Caterpillar (1666
Compresor de Gas HP/1000 RPM gas
Residual engine driven
reciprocating Arnel
compressor
Separacion de Gas 11-0602 A/B 2.0 Caterpillar (2250
Compresor de Gas HP/1000 RPM gas
para Reinjeccion engine driven two
stage reciprocating
Ariel compressor
Separacién de Gas 28-9601 A/B 1.0 Waukesha 500 kW
Generador 1800 RPM @ 460 V
Separacién de Gas 13-0601 2.0 Rotoflow centrifugal
Expansor/Compresor 835/809 HP 40,000
RPM
Planta Eléctrica Gas Turbina 18.0 Model ABB GT-11
Generador A/B NM 78 MW @ 13.8
) kV
5.3.56 Calentadores
Unidad item Valor Estimado | Comentarios
(_US$) :

Planta Eléctrica

Gas Separacion

Fraccionamiento

Calentador de Gas

14-9501
de Aceite

14-9511
de Aceite

Calentador

Calentador

Direct fired gas

Heat Recovery Corp.
Direct fired gas.

Heat Recovery Corp.
Direct fired gas




5.3.6 Equipos Fijos

Unidad item Valor Estimado Comentarios
(US$)
Separacién de Gas 15-0601/2 Aluminium 1.0 ALTEC
Enfriador
Planta Eléctrica Generador 3.0 ABB 13.8/220 kV
Transformador

100 MVA

5.4

5.3.7 Conclusiones

PME de Interrupcion de Negocios

Una significativa interrupciéon del negocio puede ocurrir en caso
de una pérdida de una de las turbinas a gas en la planta de
energia eléctrica, a consecuencia de un incidente de sobre
velocidad y produciendo una falla catastréfica la cual puede

ascender a 15 meses de paralizacidon de la unidad.

Basado en la informacion brindada se sugiere que el PME para

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

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

cobertura de interrupcién de negocios, relacionado con los Dafos a la

Propiedad y con la Rotura de Maquinaria.
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5.4.1 Parametros para la Evaluacion

Para analizar la cobertura de interrupcion de negocios es
necesario fijar los parametros que han sido proyectados, en
caso de requerir la reconstruccion de las unidades después de

que un evento catastroéfico.

El acceso de equipos pesados hacia las instalaciones debe
ser realizado a través del rio Amazonas y Ucayali hacia la
ciudad de Pucallpa, ya que los accesos via carretera desde el
Pacifico cruzando los Andes no son adecuados para
transportar carga pesada. Los Transportes en la ruta estan

" limitados por la maxima capacidad de los puentes.

El equipo sélo puede ser llevado al sitio en la estacion de lluvia
(Noviembre a Abril) debido a que sbélo en esos meses el nivel
del rio es lo suficientemente alto como para ser navegable. Por

lo tanto sblo 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 contara
con el clima adecuado el tiempo total de reemplazo seria de
18, lo cual es 3 meses en exceso con respecto al periodo de

indemnizacion 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

dependera de la reestructuracion interna de la compania.

Un tiempo similar de reemplazo puede aplicarse al de

etanizador y a la columna de fraccionamiento, después de un

dano severo por incendio.

Interdependencias de Plantas

Para entender la interdependencia entre las plantas del
proyecto el siguiente diagrama ilustra las interconexiones a

través de tuberias.
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Gas
Hiimedo Gas Re-injeccion
Planta de ° Yarinacocha
SR Planta Eléctrica
Zorillos
_ Refineria
6” dla Mwle
127 dva. 4™ dia. 4" dia.
37.5 km 89.5 km
Planta de Fraccionamiento
L -] Pucallna
10” dia. ,/
84.5 km
Neshuva Estacion
. de Medicién 6> dia. Camioén Tanaue
Planta Eléctrica 56 km Lima
Aguayti a
Manantay LPG Estacion
Transferenci
Gas Seco ransferencia
ANEIE 47 dia

Tingo Mana 7 km
Subestacion » 220kV

e RO Pucallpillo LPG

319 km Buques Carga
"~ Gasolira

Paramonga
Subcstacion . SICN Red

El analisis de pérdidas considera las siguientes areas:
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Proveedores

El Unico stock de gas natural en la zona lo posee la misma
Aguaytia 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 estan

siendo utilizados para reinyectar el gas.

Por lo que la pérdida de un sélo pozo no afectaria la
produccién de la planta, en caso de ser necesario uno de los
pozos de inyeccion puede ser rapidamente transformado en

produccion.

Clientes

Estos son los tres clientes principales: -

e Refineria Maple: La refineria de Pucallpa consume toda la
gasolina natural producida en la planta de fraccionamiento.
Una perdida mayor en la refineria tendria como solucion el
envio de la gasolina hacia la costa del Pacifico a otra
refineria peruana. Se cdebe 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 sdélo habria gastos de operacion adicionales
debido al transporte de gasolina hacia la costa del Pacifico.

e LPG Clientes: Hay un gran numero de clientes de LPG en
el area de la ciudad de Lima, que son diariamente
abastecidos por 27 camiones LPG, que se cargan durante
las noches. La perdida de uno de estos clientes en Lima no
representaria una gran afectacion para el negocio.

e Abastecimiento Eléctrico: La energia eléctrica es enviada
via el sistema de transmision 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 afectaria
las caracteristicas del negocio, sin embargo la pérdida de la

red si tendria una grave implicancia en la produccion.

5.4.5 Logistica
5.4.5.1 Caminos

El acceso a la planta de fraccionamiento es una de las claves a
tomar en cuenta para la afectacion por interrupcion. EI camino
montanoso hacia la ciudad de Lima es el unico método de
exportacion 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 si.
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La pérdida de uno de estos vehiculos no afectaria el flujo de
produccion ya que se posee una gran flota (27) dedicadas a
transportar LPG. Pero la inutilizaciobn o bloqueo de la ruta
principal podria paralizar los envios por hasta dos semanas, y
la planta sbélo cuenta con capacidad de almacenamiento para 5
dias.

5452 Tren

No hay Tren disponible.

5.4.5.3 Tuberias

La tuberia que abastece la refineria de Maple en Pucallpa,
presenta una exposicion minima.

La interdependencia entre la planta principal y la planta de
fraccionamiento o energia eléctrica es por la tuberia de NGL.
Una falla en la tuberia de NGL no afectaria la produccién de
NGL ya que el gas podria ser reinyectado.

Una falla en la tuberia permitiria proseguir con la operacion en
la planta de fraccionamiento, sin embargo podria restringir el
trabajo de la planta eléctrica, que por el momento sdélo esta
siendo usada en horas pico.

El trazado de la tuberia, sin embargo, es bastante claro y
permite el tener acceso y facilidades al mismo en caso de

mantenimiento o reparacion.
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5.4.5.4 Marina

La instalacion portuaria para la exportacion de LPG aun no ha

sido usada.

Unidades de Proceso

Para calcular el PME por interrupcion de negocios en un
escenario catastrofico se ha evaluado las ventas de los 3

productos en los ultimos anos.

Ventas Ganancia Estimada
Electricidad US$ 28.5 millones (50 %) US$ 15 millones
LPG US$ 13.5 millones (25 %) US$ 7.5 millones
Gasolina Natural US$ 14 millones (25 %) US$ 7.5 millones

5.4.7 Planta de Separacion de Gas

El PME para interrupcién de negocios se encuentra dominado
por la planta de produccion de gas. Un incidente catastrofico en
la planta de gas resultaria en una total paralizacion del
proyecto por un periodo estimado en mas de 15 meses. En
caso de suceder la interrupcidbn del negocio costaria un
aproximado US$ 37.5 millones en este periodo, aun si la
refineria de Maple siguiese operando utilizando crudo local.
Claro que sufriria una recarga en su operacioén si se tuviese

que importar el crudo desde alguna otra parte.
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El contrato con la compania de transporte, requiere el pago por
parte de Aguaytia de US7,500 diarios estée o no estée el LPG
disponible. Por lo tanto la compensacion por una paralizacion
de 450 dias ascenderia a US$ 3.4 millones.

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

La planta habia sido disefiada para separar el gas del campo y
enviarlo directamente por una linea 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 estacion de Neshuya.
Adicionalmente la corrosion por CO; hace necesario una
completa revision del sistema de tuberias para asegurar que no

se presente una posible falla que pueda danar las turbinas.

Planta de Fraccionamiento

Un incidente catastrofico en esta localizacidon paralizaria toda la
produccion de NGLs y el gas de la planta de separacion tendria
que ser reinyectado. Asumiendo que el grueso de las
ganancias por LPG y gasolina natural ascienda al 50% del total
y el periodo de interrupcion del negocio llegue a los 15 meses,
entonces se podria estimar la pérdida en US$ 18.8 millones.

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

El Unico incidente catastréfico en esta planta seria un incendio
en una de las unidades turbo generadoras, lo cual reduciria la
producciéon de energia eléctrica al 50% por un periodo de 18
meses. Asumiendo que la ganancia es el 50% del total y que la
paralizaciéon ascenderia a mas de 15 meses, la pérdida se

podria estimar en un total de US$ 9.4 millones.

5.4.10 Maquinarias

Desde el punto de vista de rotura de maquinaria, el mayor
riesgo se encuentra en el areas del turbo expansor, el
compresor reciproncante y los equipos de reinyeccion en la
planta de separacidon de gas. La pérdida de uno de los turbo
expansores provocaria que la planta solo opere al 30% de
capacidad usando la valvula de expansion Joule Thompson |,
resultando en una pérdida estimada en US$ 9 millones en los

12 meses que tomaria el reemplazar la parte danada.

La pérdida de uno de los compresores de gas causaria un
descenso en la produccion de esta un 50% ya que los dos
compresores con los que se cuentan son necesarios para que

se opere a maxima 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 maquinaria ha analizar debe
estar centrada en la pérdida de una de las dos turbinas a gas,
lo cual daria como resultado una paralizacion de mas de 15
meses y una peérdida de US$ 9.4 millones. Pérdida en el
generador y el transformador incurriria en el mismo monto de
pérdida, sin embargo estos equipos son de mas facil

reemplazo.

5.4.11 Instalaciones de Almacenamiento

Las instalaciones de almacenamiento de LPG en la planta de
fraccionamiento no estan en uso. Estas consisten en 18
tanques de 227 m® presurizados cada uno de los cuales es
utilizado para almacenar NGL para la planta. La pérdida de uno
de estos tanques resultaria en la paralizacion de la planta de
fraccionamiento, la pérdida resultaria en la restriccion de la
capacidad de almacenamiento en la planta de fraccionamiento.
El periodo de reparacion del tanque se estima en cuatro

meses.
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La pérdida podria estimarse en US$ 5 millones. La refineria de
Maple no sufriria afectaciéon sin embargo algunos componentes

de su combustible de alto octanaje incrementarian su precio.

5.4.12 Servicios
54.12.1 Vapor

No hay instalaciones para generar vapor.

5.4.12.2 Electricidad

A pesar de que la planta de separacion de gas es 100%
redundante en cuanto a su capacidad de generacién, la planta
de fraccionamiento sin embargo es enteramente dependiente
del servicio publico. Hay que anotar que la estacion de
Yarinacocha esta situada en la misma ciudad de Pucallpa. Por
lo tanto la exposicion a pérdida de electricidad a través del
sistema es considerada como minima. Ademas se debe
considerar que se puede contar con equipos de generacion
maoviles en caso de emergencia.

5.4.12.3 Combustible

El combustible en las tres estaciones es abastecido por la
tuberia de gas natural.

5.4.12.4 Aire

Se cuenta con un 100 % de redundancia en el sistema de

compresion de aire en las tres locaciones.
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5.4.12.5 Agua
Los requerimientos de agua no estan limitados y son
abastecidos directamente desde pozos de agua en las

diferentes plantas.

54.12.6 Llamaradas o Antorchas

Todas las valvulas de descarga a la atmosfera estan lo
suficientemente elevadas como para compensar una falla en el
sistema. Ademas se cuenta con un sistema de descarga de
emergencia. A pesar de esto en caso de presentarse la
acumulacion de una nube de gas, la localizacion de la antorcha
es tan remota y con tan buena ventilaciobn que el gas seria
dispersado sin presentar mayor riesgo. El pequeho tamarno de

las antorchas permite su facil 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 analisis anterior las pérdidas deberian ser
estimadas en:
PME Danos a la Propiedad US$ 40.9 millén

PME Rotura de Maquinaria US$ 9.4 millén
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El siguiente cuadro es el Resumen de Pérdidas:

Escenario US$ millones Comentario
DP | IN DP+IN
PME Dafios a la| o7 9862 |18 1409 | 589 |15 meses
Propiedad Al 15 | 94 | 244 |15meses
Eléctrica
Rotura de | Planta 18 | 9.4 | 27.4 |15 meses
Maquinaria  (RM) | Eléctrica
PME




6.1

CAPITULO VI:

PROTECCION CONTRA INCENDIO

Equipos a Prueba de Explosién

Debido al tipo de construccion modular, no se cuenta con muros
cortafuegos mas que en lugares especificos. Sin embargo se debe
dejar notar que los equipos estan separados por distancia, de otras
unidades de proceso. La excepcibn 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 enfriador

si se encuentra cerca de las instalaciones de proceso.

Los transformadores en la planta de generacion eléctrica, estan
separados del generador por un muro cortafuego completo, como se

puede ver en la fotografia.
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Fotografia #10 Vista de Muro cortafuego

6.2

Deteccién de Fuego y Gas

La deteccion de fuego y gas solamente esta disponible en el interior
de las turbinas de la planta eléctrica. Este sistema apaga
automaticamente las turbinas. Un panel Spectronics esta ubicado en

el cuarto de control.

Todas las oficinas administrativas, cuartos de control y almacenes
estan equipados con detectores de humo. Ademas se cuenta con seis

detectores de gas en la planta de separacion.
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6.3 Agua Contralncendio

6.3.1

6.3.2

Planta de Separacion de Gas - Zorillos

No hay sistema fijo de agua contra incendio instalado.

Planta de Fraccionamiento - Pucallpa

Debido a las grandes cantidades de LPG almacenado en el
lugar la planta de fraccionamiento incluye un sistema de agua
contra incendio. Este sistema cubre los recipientes de
almacenamiento y el area de procesos en si. Consta de una

combinacion 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 diesel, marca Patterson la cual opera a
2100 rpm alimentando una tuberia de 10" de diametro con la
que se abastece al anillo protector. Se alimenta un total de

siete monitores.

La linea contra incendios se mantiene presurizada por medio
de una bomba jockey y l|la bomba diesel arranca de manera

automatica ante una pérdida de presion en la linea.
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Fotografia #11 Una vista general de las instalaciones contra incendio.

6.3.3 Estacion de Transferencia de LPG - Manantay

Los cuatro recipientes a presiéon estan protegidos por medio de
dos monitores alimentados desde una bomba diesel de 500
gpm de capacidad. La linea de incendio principal se encuentra
presurizada por medio de una bomba jockey y la bomba
principal arranca en el momento que cae la presion en la
tuberia. El agua de reserva es un solo tanque de 100 barriles
de capacidad.

Estas instalaciones no estan siendo utilizadas.
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6.3.4 Planta Eléctrica - Aquaytia

El sistema consiste en dos reservorios de agua dedicados que
alimentan a dos 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 esta calculada en base a
la activacidon de los dos sistemas contra incendio deluge de los
transformadores de una de ellas ademas de la utilizacién de los

hidrantes y monitores cercanos.

La linea contra incendio se mantiene presurizada por medio de
una bomba jockey, y las bombas contra incendio arrancan de
manera automatica cuando se detecta pérdida de presion en la

tuberia.
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Fotografia #12 Una vista general de las bombas contra incendio se

puede apreciar en la fotografia.

6.4 Protecciones Especiales

6.4.1 Equipos de Proceso

Se cuenta con un sistema de proteccion fijo en base a CO; 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 CO; que
protege todas las instalaciones de la turbina. Ambas turbina
cuentan con el mismo sistema y esta disefiado para dar

descargas independientes.

Un sistema de sprinklers automaticos deluge esta instalado
sobre el generador y los transformadores. Estos se activan
directamente mediante detectores de calor. En los
transformadores estan ubicados encima de los recipientes de

aceite.

6.5 Equipos Moviles

6.5.1

6.5.2

Vehiculo Contra Incendio

Un solo vehiculo contra incendio, American La France 1975
esta disponible en la refineria 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 vehiculo en las instalaciones.

Extintores

Todas las Ilocaciones estan equipadas con extintores

manuales. Ademas se cuenta con equipos rodantes de 50



6.6

- 104 -

kilogramos de polvo quimico seco, localizados en puntos

estrategicos.

Pruebas

Los extintores cuentan con un registro en el cual se lleva la
informacién acerca de su estado y cuando deberan ser recargados.
Los sistemas contra incendio son probados de manera semanal

haciendo trabajar las bombas durante 30 minutos.

La inspeccion de los equipos fijos se realiza mediante inspecciones

regulares que incluyen un checklist.



CONCLUSIONES

Métodos de Evaluacion de PME

En el caso de una visita de inspeccion de riesgo debido a la premura del
tiempo, el método utilizado para evaluar la perdida maxima estimada o PME
es el del What If?, es decir uno debe ponerse en la peor situaciéon que pueda
ocurrir en la instalacion inspeccionada. Ya que es labor de la empresa en

mencion el realizar un PHA o una HazOp and HazAn.

Danos a la Propiedad
El PME de dafnos a la propiedad debe ser considerando siempre el
catastroéfico, tal como se ha visto en el informe. Aunque la probabilidad sea

pequena el analisis debe girar en torno a la severidad de los dahos

Interrupcion de Negocios

El dano por interrupciéon de negocios es en este caso considerablemente
mas severo ya que las expectativas de ganancia en este negocio son
amplias y por lo tanto la pérdida es mucho mas severa que en danos a la

propiedad debido al tiempo de paralizacion.
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Layout y Construcciones

La distribucion de la planta y los materiales que se utilicen para la
construccion son fundamentales para este tipo de analisis, ya que la
separacioén de un riesgo mediante la distancia es mucho mas efectivo que
cualquier sistema contra incendio. ElI fuego y las llamas necesitan

combustible para poder propagarse.

Reduccion o Eliminaciéon de Riesgos

En la mayor parte de los negocios se intenta reducir el riesgo mediante
separaciones fisicas (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 Unica manera de limitar el riesgo es controlando los
focos de ignicion y que el personal y las instalaciones estén equipadas

adecuadamente para la lucha contra incendios.
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1.0 SCOPE

FM Global Property Loss Prevention Data Sheets

This data sheet provides loss prevention recommendations for gas turbines. It covers both heavy-duty
industrial types and seroderivatives. It also covers infemal fires and explosions in gas turbines. External fire

protection is aovared in Data Sheet 7-79, Fve Pratedtion 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 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 quarterly versus
weekly. Quarterly is adequate for verification of functionality. The emergency pump provides further back-up.

2.0 LOSS PREVENTION RECOMMENDATIONS
2.1 Heavy-Duty Industrial Gas Turbine

2.1.1 Eqepmend and Proces<es

Table 1 is a kst of protective devices recommended for heavy-duty industrial gas turbines.

Alarm Tp
Flame detectors i combustors 2 (ln <750
ms.)
Ovesspeed trip System (see Note 1): Swmgle-shaft: x
Two-shaft (uncommon, old engines)-

Gas-generator rotor x

Power-turbine rotor X
Thermmocouples in thrust bearings pads (25 MW) (see Note 2) or proximity probes x X

(210-220°F (240--250°F
98—-104°C) 115-121°Q)
High ke ofl termperatute sensor in each drain fine, or thermocuplss in jourral- x x
bearing pads
High exdunsst \empemature x x
Exhaust tempershse spraad x
Low lube oR presswre x x
Vidration boinuwerkation (staBad) sl bearings (25 MW) x x
Frasase dfferential aauss inlet fer x
Flow sensors on retum lines of extemal turbine adoling-ak systems X x
Tempaature SIS in retum fnes of extaTal wbine cooling-alr systems x
Redindat fuel stuiof valves (Gasepus and fiquid fuel, with automalic venting on
gaseous fuet, and drain on lquid fuel systems)

Automatic draln In combustor casing (Bquid fuel)
Position sensar on armpressay bleed valve (Failure to open on startup and shwtdowm, x
fallure to remain cosed at speed)

Note 1: Gas lurbine overspeed trip system design has evolved over the years. Systems commonly found in industry include:
a. Mechanicat bolt with single circuit elaectronic back-up activated by a relay from the main control sensor and circuil

b. Electronic 2 oul of 3 voling logic activated by relays from sensors in the main control circuit

c. Electronic 2 out of 3 voting logic aclivated by sensors and circuitry independent from the main controj loop

d. Mechanical bolt primary with independent electronic 2 out of 3 voting logic back-up

Note 2: Some older engines do not incorporate these features.

2.1.2 Operation and Maintenance

2121 Maintenance Testng

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

FM Global Property Loss Prevention Data Sheets

This data sheet pronides loss prevention recommendations for gas tuwbinas. It covers both heavy-duty
industrial types and aeroderivatives. It also covers infernal fires and explasions in gas turbines. External fire

protedction is avared in Data Sheet 7-79, e Pratectian 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 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 quarterly versus
weekly. Quarterly is adequate for verification of functionality. The emergency pump provides further back-up.

2.0 LOSS PREVENTION RECOMMENDATIONS
2.1 Heavy-Duty Industrial Gas Turbine

2.1.1 Eqeprmend and PToces<es

Table 1 is a kst of protective devices recommended for heavy-duty industrial gas turbines.

Afgrm Trp
Flame detectors n combustors X (in <750
ms.)
Overspeed trip Systam (see Note 1): Single shaft: x
| Two-shaft (uncommon, old engines)-
Gas-generator rotor X
Poeerturtine rotor X
Thermocouples in thrust bearings pads (25 MW) (see Note 2) or proximity probes x x
(210--220°F (240--250°F
98-104°C) 115-121°C)
High be ol temperature sensor in each drain kne, or thermoouplss in jourral- x x
bearing pads
High exdunsst temperature X x
Exhaust tempaerate sprasd x
Low tubé oR pressure x X
Vivration Voiruwartation (instalied) all bearings (25 MW) x x
Presase differenial aguss inlet er x
Flow sensors on retum lines of extemal turbine aohng-eir systems X, X
| lepaature SEEIFS In retum Wnes of exdaTo! twde aanlbvg-al systenrs x
\RWMSNMVM (Gasepus and Biquid fuel, whh automalic ventigg on
gasaous fuel, and drain on Bquid fuel systems)
 Autoamatic draln In combustor casing (Bquid fuel)
‘Pusltmmmmm-ueedmwmmopenonmmm x

fallure to remain dosed at speed)

Note 1: Gas turbine overspeed trip system design has evolved over the years. Systems commonly found in industry inctude:
a. Mechanicat boll with single circuit electronic back-up aclivated by a relay from the main control sensor and circuit

b. Electronic 2 out of 3 voling logic activated by relays from sensors in the main control circuit

c. Electronic 2 out of 3 voting logic aclivated by sensors and circuitry independent from the main contro) ioop

d. Mechanical bolt primary with independent electronic 2 out of 3 vecting logic back-up

Note 2: Some older engines do not incarporate these features.

2.1.2 Operation and Maintenance

2.1.2.1 Manterance Testing

Table 2 shows recormvnended testing schedules for heavy-duty mdustrial gas turbine protective devices.
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Frequency

Vibration MonRtoring

Wstalad Vstnenentalion, Vual rexddwgs Daity

nstaWled Wnstnamentstion, log readings Weeldy

Hand-held Instrumentation, take and log readings Weeokly
Acthiation of auxillary ube pump Quarterly (see Note 3)
Shvatated cverspeed test (exerdse of system compaonents) (See Nate 1) j Every 6 months
Overspeead tast (power turbines driving generators) (See Note 2.) Annually
Caliration of protactive hsbrurmeatation (See Table 1) Annualy

Nate 1: Gas Wuihine @lechoric conta) Sysisrs have Sedsted overspead tiip furafors in wivch the erftite fumSoning of the overspeed
response, signal ransmission, and emergency shutoff valve control can be tested in respanse o a simulated overspeed signal. The test can

ba conducied while the unit is on Ine, withoul actual overspeeding. Such smulated lests are satsfathury, provided they are accompanied
by am athua) shutdown of e machine using the emeigency tip fundion.

R may be dificu $0 overspesd 3 tee hrtine driving a comyressar, or e hurbine o a single-shak macse or gas generdi because the
omprassar drag Mournts up quickly and resists acceleration of the rolor. A loss Twolving overspeed of such a turbine has never been
reported among insureds of FM Global. Probably the only hazaerd of overspeed of a turbine driving a compressor invotves fracture or
sapmation of e drive stalt or anpimg. This would be a venry rare evert, and, in any ase, N adus) overspeed test would have to nvolve
Wmhm@m@hmbrmwﬂmdmdemmmmmssmndymm
for gas generatars and single-shafl gas turbines; it is also mprechal and probably undeasirable for free turbines driving compressors.

Note 22 Wiie Axtines driving comprassors may be ot th overspeed , Bis is not tnse of free power tebimes diving generators. Such
am overspeed luss hars Mever been rapoted amoTyg rsuteds. I @ driven ganer@ior tosas load, the free trbire willl ovenspaad rapidly with

retatvaly e buddup of ascodynamic drag, and e axtd systen must offed! a shatdown reliatdy and rapidly. Annually perforin functional
tests of overspeed trip system, at below rated speed. to verify intagrity. Fuel valves should be tested for loak bghiness, and fuel flow should
be under manual control durng the conduct of thase tests 10 avoild a runawsay Lrbina

Note 3: Actuation can be performed quarterly if operating procedures require weekly verification that the back-up pump control and load
center switches are in "Auto™ and pressure switch and pump isolation valves are open.

2122 hnspuctan of Haavy-Duty Industrial Gas Turbmes

The inspection intervals recvnended in this section are generally typical of industry practice. Intervals
recommended by manufacturers may differ take precedence urdess there are spedfic reasons to recommend
otharvrse.

Following are outlines of inspections recommanded for heavy-duty industrial gas turbines:

2122 1 Cataston Section Inspechon

Recommendation |

Peaking Units
(Approx. 1 start of 5-10 hridey)
Initial after 2000 hr
Second after 8ddiBonal 2000 hr

BsseLosded Units

4000 hr

The schedules for seayd and sutsequant nspgaedians should be based on the conditions found in previous
inspectirs, with the fallowirg typical intervals:

Fuel Baseloaded Units Peaking Urits
Natwral gas: 8000 hr 6000 tw
Distintate: 6000 hr 4000 hr
Minimum Scope of Work:

Inspection of combustor baskets (or cans) and transition pieces (or combustion annulus) for distortion,
cracking or unusual discoloration.

Wespeschan of fuel uzzes for erosian and obstruction, igniters for proper funcfioning and intact wiring, and
flame detectors for lens condition, soundness of wirthg, and spedfed response.

Wspeston for freedom of gperation and leak testing of gas vatves, fud oil vatves, duatfue! check valves.

©2005 Factory Mutual hrsurance Company. All rights resecved.
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rspecon of fuel manifald drain vatves and combuston casing drain valve for freedom of operation.

Inspection of first-stage turbine nozzle vanes as far as is possible from the combustor side; inspection of
turbine blades, turbine nozzes, and outer tip seals as far as possible using a borascopa.

brspecton of mlet, mdudng operation of antiiang equipment.

Inspection of thermoauple hamess, tubes for pressure sensors, and vibration instrumentation for cracked
or broken leads and other possible damage.

Inspection of exhaust duct for warping, cracking, evidence of overheating, as well as for soundness of seals.
21222 Hot Secton (Hot Gas Path) Inspedion
Recommendation

For all units and types of service; mitial visual inspection after 8000 hr.

Subsequent inspéction as indicated by the conditions found in previous inspactons, with the following
guidelines for second and subsequent inspections:

Peaking Units
Ba Unhts (Approx. 1 start of 5-10 hriday)
Natural gas: 24 QQQ he 200 starts unless manufachirer has established a lowear tmit.
Distate: 20,000 tw (Total howurs not to exceed Bmits for base-taaded units.)

Manufacturers may have established more frequent intervals for hot section inspection in the case of some
models. These intervals should take precedence ovar tha above.

NEnimum Scope of Work:
Removal of upper half of turbine casimg:

Inspection of thermal barrier coating (TBC) for evidence of spalling, erosion, thermal fatigue. lnspecton,
including nondestrudtive examination (NDE) to whatever extent possidle, of rotating blades for corrosion and
erosion, mpacl damage, and themet-fatique craddng.

Removal of nozzle disphragm sections for NDE. Thermal aacking may be found in the nozzle vanes and
in the platforms, such as thatftustrated for a three-nazzle segmentin Figure 1. Marrifacturers have standards
for action to be snplemanted m arvedion with such aadking, ranging from no action o weld reparr, to
replacemant, dapanding on the lacations, lengths and depths of the cracks.

NDE of turbina disks in blade attactwivent slots and at bolt hales and disk bores for cracks and corrosion to
whatever externt posstle.

Refurbishment of parts as indicated, blending of nicks, dents and small bhermal cracks in rotor blades,
blending and weld repair of nicks and thermal cracks in nozde vanes, and deaning of cooling passages.

Measurermer® of axial desrances between stationary nozzle diaphragms and rotating wheels, batween blade
tips and shrouds, and of labyrinth seals; comparison with manufacturer's spedfiations and comparison with
PTeVIOUS MEEAFeerits,

For the initial 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 inspect their overall condition, i.e.,
warpng, hermel gads, hot-spols, indcating inadequate coafing or combustor hot streaks. I serocus
conditions are evident, such as themmal gadks or dents near the leadmng- or railing-edge roof areas of blades,
the blades should be removed for repair. Radial and axial clearances should be taken to whatever extent
passule

2.1.2.2.3 Inspechan of Externals
Recomnrendation

-1

Minimum Scope of Work:
Dismantle and mspedtion of cormmpressor bleed valve for freedom of operation and possitde damage.
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Outer 3" SD
Shroud

2%k" D

Nozzle
Vanes

)
Inner l
Shroud

Fig. 1. Sketch of cracking found during hot-sectian inspection in three-vane turdine nozzle segment in a heavy-duty
industrigd gss turbine.

Carrglete chedout of contral system for predise furclioning and resporsae.

Inspection of coupling, particularly for presence of hard deposits of hydrocarbon sludge in areas of gear teeth.
Bearivg akgnment.

Inspection of overspeed trip mechanism and calibration of plunger spring tension, if a mechanical trip is used.
rspection of bncation systern, nvchsding pusmps, fiters, codlars, and nstrumentaton.

2.1.2.2.4 Overhaul (Including Complete Overhaul of Compressor and Power Turbine)

Recommendation
Base-loaded Units Peaking Units
On condition (based on performance and vibration Manufacturer's recommendation for compressor disk
wantaring) rspedion for low-cyde fabigue aacking.

The only major components that would be revealed for inspection in an overhaul, in contrast with a hot section
inspection, are the compressor rotoe and stator. The condition of these can be contivualty checked by
morvturing pesrfarmance of the gas turbine as recommended in Sedtion 3.1.6.

©2005 Faciory Mutual lnsurance Company. All rights reserved.
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2123 Vibration Marioring

Where fixed vibration instrumentation is in place, a visual check of the vibration reading at each bearing of
a heavy-duty industrial gas turbine should be made at least daily and logged weeldy.

Vibration signatures are needed to establish a baseline for monitoring and trending equipment performance.
Establish new signatures any time an overhaul is performed, and more frequently if adjustments to alignment
or balancing are made.

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

The vitrafon monitoring procedure desaibed in Data Sheet 17-4, Manitaring and Diagnosis of Vvatian in
Rolating Machirery, should be in effect. Table 1 of Data Sheet 17-4 provides guidance for diagnosis of
vibration changes in heavy-duty mdustrial gas turbmes. Bearing vibration is unpredrctable. The table presents
the most kkely causes of a given syinpgtom and suggaests the maost efaent gppraaches for imvestigation.
The fultwing dsaeramaes are covered by the diagnostic methods in the table:

Increase in unbalance caused by fracture of a rotor part;

Bowed or bent shaft;

Disks loose on shaft;

Pedestal loosenass, including faulty foundation;

Traverse cracks in shaft;

Buidup of hasd depasits in splined coupling;

Gearbox darnage;

Buildup of deposits on compressor or turbine blades.

2.1.2.4 Lube Oil Systems

Heavy duty combustlion turbine lube oil systems are likely to include one of the following configurations
depending on the OEM, the frame size and the age of the system:

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

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

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

The following tests are to detérmine the full functionality of back-up and emergency supply of lube oil to
bearings when the turbine shaft is rotating and the shaft is above temperature limits that may result in bowing
if it 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 the standby auxiliary (back-up) lube oil pump at least quarterly by lowering pressure to its actuating
sensor, verifying that it will start at the proper pressure and that its output is consistent with the manufacturer's
specifications. If a separate emergency lube oil pump is provided, test it quarterly and prior to every startup.
Correct and verify by an additional test any deviations from manufacturer's set points.

Record start and stop pressures of auxitiary and emergency lube oil pumps.
Where gravity-type emergency lube-oil systems are used, test the tank low-level alarm at least quarterly.

Lubricating, seal and control oil systems for driven equipment are described in the data sheet for 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 system condition mustbe in effect. An acceptable program is based on written documentation setting

forth goals and requirements Ihat are acceptable to the manufacturer for the machine application, turbine
history, and the risk.

The basic elements of a lube oil management program include but are not limited to the following:

1. Purchase specifications prepared by the plants’ engineering department. Such specifications to be
included with every purchase order for new oil.

©2005 Factory Mutual lnsurance Company. All rights reserved.
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2. To prevent contamination, oil storage to be in a clean, controlled environment.

3. Storage of oil in properly identified sealed containers.

4. Sampling of oil prior to use to ensure that it is the specified oil and not contaminated.
5.

Qil reservoir pre-closure inspection and sign-off to prevent 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 operating conditions
and history. Additionally, conduct an analysis prior to outage planning to obtain information pertinent to the
outage.

8. If oit is to be recycled on-site, specifications for the conditioner or centrifuge should specify the ail used,
the purity required and the contaminants that could reasonably be encountered.

2.1.2.6 Bearing Alignment

Check the afigrrnent of bearings of heavy-duty indusinal gas tuttitres with those of their driven machines

during external mspection. It afignment is made while the set is cold, use valid estmates of pedesta
temperatures at opersting conditions to set cold offsets so that the bearings will be akgned perfeclly at
skeady-state arvithars. A hot ahgnmert at steady-<tate lemparature is a satisfactory atternative if it can be
asaompisived readity.

For heavy industnal engines alignment is dependent on the heat removal capability of the lubricating oil
because it not only lubricates the bearing but removes heat from the pedestals.

2.1.2.7 Performance Monitoring
Ensure the axstreTrentatron defuved in Sedian C 2 2 1 are m place, and the readmgs rexxdad Comtinuousty.

Ensure a program of performance momitoring, as described in Section 2.2.2.5, is in effect. At a minimum,
apply the following schedule of activities:

B Man@urirrg Activity Frexpuarrcy
Evaiuate pressure drop acuoss nlet fter: Daity
Monitor heat rate, output and pressure ratio: . Dalty*
Maoniing tiade-gath spresd: Dady
Piot compressor operating potts on compressor map for different power settings: Weokly*

*K output decessas by 5%, dean e compressor Baroughly. i deatiing Bhe compressor does not restora the culput, heat rate and prassure
raiio by at learst SO% of € redurfion, inspact Bhe CoMpPIesSoY mhmmmwmmmmmwh
partormame be alowed to deleriorate by mare tham 10% beafore coredbve adkon is teken.

**if the operating poirt on a compressor map doviates from the typical operaing regime in the direcon of stall, evaluate e performance
of the gas turbine, InCudnrg the effects of deaning, for possitde overhaul. In no case should the opasating point be afiowed to move into
e SuUge Erea as TUPIeTERad by a reARIUVIGTS COMPIeSSOT AR

2.1.2.8 Protection against Inlet Icing

In climates where icing of the inlet system may occur (below ambient temperatures of 40°F, or 5°C), make
provision to prevent ice formation in the inlet system.

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

2.1.29 Water Treatment for Evaporative Cnolers, Water Injection for Power Augmantation and Compressor
Wash

Mocitor the quafity ol the water used in evaporative cpalers and fufiow water quality standards recormmeanded
by the gas turbine marufedurer.
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21210 Treatmest of Water Used for NO, Control

Provide a treatrment plant for water injected into the combustor for NO,. control. Adhere to the
recommendations of the manufacturer of the gas turbine for water purity.

2.2 Aeroderivative Gas Turbines

221 Equipment and Processes
Table 3 is a kst of protective devices recatwnended for aeroderivative gas turbines:

Algrm Trip
Flame detectors in combustors X(n <750 ms)
QOverspeed b (see Note 1) - Gasgenaraky wOtor b ¢ |
Powerturbine rotor X
Theanocouples in thrust-baesrhg pads (See Note 2) X . X
(210—200°F (240-—250°F
98-104~C) 115-121°C)
High exhaust temperature X X
Exhaust temperahre spread (See Nota 3) X
Low ube ol pressase X X
Vibration instrumentation Instalied on casing X X
Pressure differertial across inlet filter X
High e ol header tevpatise X X
Redundant fuel shutoff valves (Gaseous and fiquid fuel, with
automatic verting in gaseous fuel, and drain in fiquid fuel systems)
AvtaTetic drain in Cambustor casing (Squid fuel)
Chip detector in kibe-ON system

Note 1: Gas turbine overspeead trip system design incorporates electronic 2 out of 2 or 2 out of 3 voting logic. One set is provided for each
shaft (including gas generator, power turbine as applicable).

These systems are proven in service with those incorporating electronic 2 out of 3 voling logic having higher reliability and, based on design
logic, providing less chance for false trips. Independent governor control/lemergency trip circuitry is preferred.

Note 2: Ony in power Wrbines with STding Basrngs.

Note 3: Ovdy in newer asrodmivaive gas turbines having muibple arrdersso-hasiat avsing$an. The recomintadabon is intended o help
prevent high-frequency fatigue of Wrbine blades as a result of blade vibraton exclted by ureven covnbastorg-thaoider units (having

corstrucion) tave aficant history ta afow the conchsion that this mode of tadure s 0k @ sious harard. There is na
foss exparianon 10 ecoeamand this Tetrvrertaion n asrodeivative unks wih arweisT comdnrstors.

©2005 Factory Muhial hsurance Company. All rights reserved.
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2.2.2.1 Maintenance Testing
Table 4 shows recoyTeendd tesiing schedules for asradaivatives.

Remmmerrdations B (N Frequency

Varaioh montaring

Instafled instrumentation, visual readings Dalty

Installed instrumentation, loQ readings Weekly

Hard twdd SsSamerdation, take and log readings Weakly
Actuation of auxiliary lube pump Weekly
Check of lube-oll matal chip detector Weekty
Semisted overspeed test (exercse of system compovants) (See Note 1) Every 6 months
Overspead test—power turbines dnving generators (See Note 2.) Annually
Cafidration of protective hwstrumentation (See Table 3.) Annually

Naote 1: Gas Wime Glechomtc Coral systems twve stwisted overspeed tip furchors it whach the ernlite funclioning of the overspsed
responvee . Signa) hasmawission-and emegency SAoll valve armral can be asted in rasponse In a st overspaed sigal. The test can
be conducted while e unit is on Iine, withoul actull overspeeding. Such simulated tasts are satsfackary, provided they are accompanied
by an actua! shutdown of the machine using tho emergency tip funcian.

Note 2: While twrinas driving con@nassots may be d&Hat b overspsed, Bis & not trua of free Wibires driving gemerators. FM Glotaall
has maver repoied such an overspead loss. i a driiven generator ioses load, the fres tutbinve will overspead apidly wiirroatvaly Bie butdup
of gerodynarnic drag, and the cormrol system must efect a shutdown refiably and rapidly. Test fuel valves should be tested for leak lightness.
During testing, manually control fuel flow to avoid a runaway turbine.

Perform functional tests af the overspeed trip systems annually. Perform tests at less than rated speed using signal generators to verify
integrity.

2.2.2.2 Inspection of Aervderivative Gas Turbines

The inspection intervals recommended in this section are generally typical of industry practice. Intervals
recommended by manufacturers may differ and some manufacturers gio by equivalent hours; others by a

combination of hours and starts, manufacturers recommendations take precedence unless there are specific
reasons to recommend otherwise.

In addition to fuel type, the type of a start (time), trips of fuel load, and power augmentaltion are factors that
well accelerate life cycle utilization and more frequent inspections on a calendar basis. Some manufacturers
go by equivalent hours; a thus by a combination of hours and starts.

Following are recommendations for inspections of aeroderivative gas turbines.

22221 External Inspecian

Peaking Units
8asel ogded Units (Approx. 1 start of 5-10 hr per day)
4000 hr 2000 hr

Minimum Scope of Work:

laspecfian of comitarsior or comtasstor baskets (or cans) and transition pieces for distrbon, gaddng or
urmrsual discolaration.

Inspection of fuel nozztes for erosion and obstruction, ignitars for proper functioning and intact wiring, and
flame datectors far lens condition, soundness or wiring, and spedified resporsa.

repecbhaon for freedom of operation and leak testing of gas valves, fuel ol valves, dualfuel check valves.
Inspection of fuel manifold drain valves and combustion casing drain valve for freedom of operation.

Wspechan of first-stege turtine rozde vanes as far as is possitle from the cambustor side; mspacban of
turbine blades, turtane nozzle vanes, and outer tip seals as far as possible using a borescope.

¢ Wspechun of indet, mcuding operation of anb-idng equiprent.

Q2005 Factory Mutual Insurance Company. All rights re<erved.
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hrspeciion of thesmoomgle hamess, tubes for pressure sensors, and vibration irstrumentaton for cracked
or troken leads and other possitde damage.

Inspeaction of exhaust duct for warping, cracking, evidence of overheating, as well as for soundness of the
seals

2.2.2.2.2 Hot Secton Inspection

Peaking Units
Fuel Base-L caded Units (Approx. 1 stert of 5—10 hrsiday)
Natural gas: 25,000 tw 200 starts unlass manuischrer has established a lower Bmit.
Distiftate: 18.000 hr (Total hours not to exceed Bmits for bise-loaded units).

Marufacturers may have established smaller intervals for hot-sedtion inspediorns in the case of some models.
These smaller intervals should take precadence over the above.

Minimum Scope of Work:

Removal of gas ganarator from the gas turbine endosure; unbolting of hot-secfion subassermblies for actess
to high-pressure and ow-pressure turbines.

Yespacian, nduding nordastrucive examinatian (NDE) to whatever extent passible, of rotafing blades for
cavasan and erasion, mpact damage, and thermnal-fahgue cadking.

Removal of nozzle disphragm sections for NDE. Thermal aacking and/or bowing may bé found in the nozzle.
vanes, as Busirated in Figures 2 and 3. MOrufacthurers have standards for acffon to be implemanted in

connedtion with such cracking, ranging from no action to weld repair, to replacement, depending on the
locations, lengths and depths of the cracks.

- _
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NDE of turbine drsks in blade sttaodwresd slots and at bolt hales and disk bores for gads and arrosian lo
whatever extent passitile.

Refurbishment of parts as indicated, blendirrg of nicks, dents and small hermat cracks in rotor blades,
blending and weld repanir of nicks and thermmal aracks in nazzde vanes, and deaning of cooling passageas.
Measurement of axial Jaaranaes between stationary nazzle diaphragms and rotating wheels, between blade
tips and shrouds, and of labyrinth seals; comparison with manutachiraer's spedicatirs and coapanson with
| PreVIOUS Meaaraemends.

1 Additional work as reconvrended in manufacturer's inspectian grocedures.

2.2 223 Overhaul (Indudrg Camnplele Overhad of High-Pra<ase andl.ovhmm&rnpm and
1of the Power Turhine)

|Recommendation
Bxse-{ asded Units Peaking Units
On condwion (based on performance and Manufacturer's recommendation for compressor disk inspection for low-
vibration monkoring)* cyche faigue gacking.

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

‘The only major components that would be revealed for inspection in an overhaul, in contrast with a hot-section
inspection, are the compressor rotors and stators, and the power turbine. The condition of the compréssors
can be contmafy checked by monitoring perfomance of the gas tuthine as resvewanded in Secton
2.1.2.5. The major hazard in power turbines is low-cyde fatigue as a resuit of an excessive number of starls.
This is a hazard primarily in peaking units. The marrufscturer should be asked for a cydic Fmit for power
turbines in peaking ursts; the anditun of rofwg-ealement boaings (which may be naacessitde without a major
teardown) can be Fssassad at frequant mtervals by vitration maonitoring and mspecton o6f the lube-oi) metal

etector. These bearings should be changed out in accordance with the fife fimits established by the bearing
manfachser, T

€2005 Factory Mutual Insurance Company. All rights reserved.
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222 3 Vitwation Montaring (Aeradarivative Gas Turbines)

Vibration instrumentation is installed on the ¢asings of asradarivative gas generators and some power
turbines, rather than directly on the bearings. Where skding bearings are used i power trbines, the
instrumentation should be mountsd on the basrimgs.

Where fixed vibration instrumentation is in place, a visual check of the vibration reading at each instrument
location should ba mada at least daity and bbgged weekly.

The vityation montuning procedue desaded in Data Sheet 17-4, Monitaring and Disgrnsis of Vitwstian in
Rotating Machinery, should be in effect. Data Sheet 17-4 provides guidance for dagnods of vibration
changes n gas twhines. Bearing vibration is unpredctzatle. The table presests the most Rkely causes of a
given symptum and suggests the most eficent apprasches for investgatan. The faflowing discepandes are
covered by the diagnostic methods in the table:

hoaase m unhalance caused by fracture of a rotor part.

Bowed or bent shaft

Disks loose on shaft

Pedestal loosenass, mcuding faulty foundation.

Trarsverse gadc n shaft

Buildup of hard deposits in splined coupling.

Gearbox damage.

Buildup of depasits on argrasr of turtine blades.

Rulbng-edavvent bearing damsage. |

Vibration signatures are needed to establish a baseline for monitoring and trending equipment performance.
Establish new signatures any time an overhaul is performed, and more frequenlly if adjustments to alignment
or balancing are made.

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

The gas generator for aeroderivative gas turbines have ball or rolling-element bearings. Monitor changes
in high-frequency vibeation that might indrcata detaedoration of the rolling elements by weeldy analtysis of the
vibration Sigral to detect vibrabon ncareases at rofler or ball passing frequency (approximately one-hatf fmes
mPm x number of roffing elements).

2.2.2.4 Lube Oil Systems

Aeroderivative combination turbines normally include ball or roller bearings. The lube oil supply pump and
scavenge pump are driven from the accessory gear box for the engine. The scavenge pumps remove dil from
the bearing sumps and deliver it to an extemal reservoir, filter and cooling systems. Because of the bearing

design, lube oil supply is not required to the engine during start-up and shutdown. Pressure and temperature
switches are provided to alarm and/or trip if threshold limits for critical parameters are exceeded.

The critical bearings are those of the driven equipment which are normally Babbitted journal bearings. Lube
oil systems for lhese are described in lhe respective driven equipment data sheet.

2.2.2.5 Lube Oil System Management

The function of lube oil in turbine reliability cannot be overemphasized. An effective monitoring program of
alube oil system condilion mustbe in effect. An acceptable program is based on written documentation setting
forth goals and requirements that are acceptable to the manufacturer for the machine application, turbine
history, and the risk.

The basic elements of a lube oil management program include but are not limited to the following:

1. Purchase specifications prepared by the plants’ engineering department. Such specifications to be
included with every purchase order for new oil.

'2. To prevent contamination, oil storage to be in a clean, controllad environment.
3. Storage of oil in properly identified sealed containers.

4. Sampling of oil prior 1o use o ensure that it is the specified oil and not contaminated.

©2005 Fectory Mutual Insurance Company. All rights resurved.
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5. Oil reservoir pre-closura inspection and sign-off to prevent 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 operating oonqitions
and history. Additionally, conduct an analysis prior to outage planning to obtain information pertinent to the
outage.

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

2226 Bearing Agrment

Check the alignment of bearings of the power turbines of aerodesivative gas turbmes with those of their driven
machines. If alignment is made while the sat is cold, use valid estimates of pedestal temperatures at
operating conditions o set cold offsets so that the basrings will be afigned perfecfly at steady <state conditions.
A hot afignment at steady-state temperatures is a satisfactory atemative if it can be accomplished readily.

2227 Performance Mavbrng (Asadaerivative Gas tubinas)

Ensure the instrumentation defined in Section C.3.2 are in place, and the readings recorded continuously.

In dual-rotor aeroderivativas, Sense pressure and temperature at Sta. 2.5 (between the low-prassure and
high-pressare anmgrassrs) and continuously reoord on esgine parfarmanas logs.

Ensure a program of perfumarre monitoring, as desaided in Section C.2.1, is in effect. At a minimum,
implement the follawing sctedule at activities:

MNuanloring Actvty Requency
Evaluate pressure dvop across inlet filter Dally
NManitr hest rate, output, and gressuTe ratio ) Daly*
Mondur biade path spread (Whete applcable) DaRy
Plot compressor operating points on low-pressure and Mgh-pressure compressor maps for
different power settings Weakly*™
¥ oultpukt dac by SR chean Bve axvpressoT QurougMy. W Gasving the Comprassor does nad rastore the oulz, hext rale and pras<ure

ratio by at least 50% of the reductian, «md“wwwmhmmwwhwdoposﬁs Do not allow the
performance b deteriorate by more Ban 10% bafore camedive action is teken.

“f e cperaiing pod on a COLTEGSSE TAp mmmmehhmdﬂmMMvm
of e gas wrime, industing Ga Mdmumm(&.wmu11&)mwmmmmbm
rto the surge area as represented by @ manuibdurer's comprassor inap. )

22238 Protecfion agsinst intet ldng e

In climates where icing of the inlet system may occur (below ambient tempearatures of 40°F or 5°C), make
provisions to prevent ice formation in the infet system. There are numerous approachas to providing such
protection.

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

22 239 Water Tréalment for Evaparative Codless

Follow gas turbine manufacturers recommendations for water quality to be used in evaporative coolers.

22210 Treabwart of Water Used for NO, Control

Provide a treatment plant for water injected into the combustor for NO, control. Adhere to the
recommendations of the manufacturer of the gas turbine for water purity, with a rmaximum of 1 ppm sodium
or palasShan

2.3 Alerts .

Original equipment manufacturers (OEM) issue technical alerts when design or operating problems occur

which differ from expectations. Alerts are specific to engine model numbers, version, and in some cases,
inspection interval and hours/starts.



Valid Through May 2005

13-17 Gas Turbines

Page 14 FM Global Pruperty Loss Prevention Data Sheets

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 implementation plans for all active alerts issued to
them that affect the gas turbines and any associated system loss prevention.

3.0 SUPPORT FOR RECOMMENDATIONS

3.1 Loss Prevention Issues 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 those parameters.
Manufacturers are also changing materials of construction, particutarly in the hot gas path (Combustion and
Turbine sections) of the engines to increase component life cycle.

4.0 REFERENCES

Data Sheet 5-12, Electric AC Generafors

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

Data Sheet 7-79 Fire Protection for Gas Turbines.

Data Sheet 13-17, Gas Turbines.

Data Sheet 17-1, Nondestructive Examinétion.

Data Sheet 174, Monitoring and Diggrasis of Vibration in Rotating Machinery.

APPENDIX A GLOSSARY OF TERMS

Acraderivaie Gas Turbine: as the rame imphes, aaroderivalive gas turbines are desived from aircraft jet
or fanjet engines. The first seradarivatives were irstaled about 1960. They were used as gas compressar
drives in gas pipdinas, where nexpersive natural gas was available as a fuel. They were also used as

peaking units in eleclric genaratimg plants because thay have low efrGency and fuel was relatively expavsive.
More recently they are used in continuous duty in cormbined-cyde plants in uties and in cogeeraton plants.

Heavy-Duty Industria) Gas Turdine: the catedory of heavy-duty idustrial gas turbine applies to any gas
lurbine manutactured solety for use in industry have substantial mass for long life expectancy, as distinct
APPENDIX B DOCUMENT REVISION HISTORY

January 2005. The following changes were done for this 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 pumnp quarterly versus
weekly. Quarterly is adequate for verification of functionality. The emergency pump provides further back-up.

May 2003. Minor editorial changes were done for this revisian:
January 2001. This révision of the doasnant was reaganized to provide a consistert format.
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1.0 SCOPE

This data sheet provides electrical protection recommendations for the prevention of losses in power and
distribution transformaers. It also provides fire protection recommendations for power, distribution, arc fumace
and aduchan fumace tasfameaers. Loss exparierus and test irformation is provided as suppart for these
recommendations.

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

1. Section 2.2 Indoor Transformers, recommendations 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 mist system FM Approved for machinery
spaces is recommended. Also, where automatic sprinkler protection is used, the density has been increased
to 0.3 gpm/ft? (15 mm/min) from 0.2 gpm/ft” (10 mm/nyin).

2. Section 2.3 Outdoor Transformer, recommendation 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/ft2 (15 mm/min) from
0.15 gpm/ft? (6 mm/min). Where a flame arrestor is used to increase the amount of time before buming oil
enters the pit Size No § rather than Size No 2 ASTM D448 Standard Classification for Sizes of Aggregate for
Road and Bridge Construction should be used. Siza 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, Approved and Equivalent Transformer. A transformer equivalent 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 current 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 safegquards requested for an FM Approved trans-
former. Low current fault protection is the remaining safeguard.

12 Sagperseded Infarmation
This data sheet supersedes the January 1997 edition with revisions of September 1998.

2.0 LOSS PREVENTION RECOMMENDATIONS

Conventional power and distribution transformers are reliable devices having low electcal failure rates. If
the transformer is FM Approved (see Appendix A for defmition), or equivalent, which involves the use of a less
flarenable insutating liquid and electrical and mechanical protechon, and is not a network, arc fmnace, induc-
tion furmace or generator step-up transformer, the failure frequency is considered low enough to be accept-
able without fire protection. For other transformer types, there are the potertials for either an intemnal or an
aexternal decirical fault which results in overpgressase of the trarsformes. If moease in pressure is rapid the
pressure refief device may not be adequate to prevent tank failure of the transformer. Tank failure may release
substantial quantities of insutating liquid. If fire ocaurs, the resaartting property damage depends on the amount
and type of hquW and whether budmgs or other equipime are expased.

2.1 Electrical Protection

2.1.1 Bedrical

|
2.1.1.1 Each transformer, depending on its criticality, and whether it presents a fire exposure, should have
a protection system as determined by an acaurate engineering study. This protectron system should be func-
onaly equivalent to the protection fustrated in Figures 1a through 1e. Table 1 summarizes the vanaus
devices available for the electrical protection of transformers.
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Number Device Name Device Descriptian
FUSE ExpaASon-type . Provides pratechion for both ntesval and extemal fauls. Current Rmiing type.
Provides intemal fault protecion and Bmitation of faut cutrent levels.
24 Voits per Hertz relay. A relay that functions when the ratio of voftage to frequency exceeds a preset
vatue_ Used on unit canrected transtormers.
26 Tiveswal device. A device hak functions when the transformer §quid temperature exceeds a
predetermined value. (Other than the transforrner winding temperature as
covered by device 49)
49 Thamal relay. A relay that functions when the ransformer winding temperature or other load
ATy element exceeds a predetermimed valse.
50G' | Zero sequence A refay that functons instantaneously when the ground faul cuitent exceeds a
Wstartaneous groutd | predetermined value. Use when time coardination is not required. Device 50G is
ovesasvent relay. coniected © a toraidal CT. Device S0G provides ground fault protectiun for the
transformer wye winding and thwough faults. ;
50GD? | Zero seqarwe A relay that funciinns nstantaneoustly when the ground fault aamtent exceeds a
rstavhenas grand | gredetwmined value. Device 50GD is connected to a toroidal CT on the delta
overcurrent relay. winding conductors. Device S0GD provides ground fauRt protection for the
transformer delta winding and the transformer leads between the winding and the
taroidal CT.
SON" Instantaneous ground | A relay tha! funcBons instantaneously when the ground fault current exceeds a
overcurrent retay. predetermined value. The relay is connedted in the transformer neutral. Device
SON provides growd fauk pratection for the transformer wye winding and Ywough
fauRs. The relay is set for ether high magtude ground faults for use with 51N,
or sensitively to be used alone when time coordination is not requived.
50ND? | instantaneous ground | A retay that functions instentaneously when the ground fault current exceeds a
ovarasvent relay. predetermined value. The retay is residually aoreected In the CT seandary on
the deflta winding conductors. Device 50ND provides high magntude ground fault
protection for the transformer deta winding and the transformer leads between
the winding and the CT.
SONY' | Instantaneous ground | A relay that funcSors instantaneously wiven the ground fault current exceeds a
overcumwent relay. predeternnined value. The relay is residualfy connected in the CT secondary on
the wye winding condictars. Device SONY provides ground fauk protection for
primary wye windings, back fed seamdmy wivdings and through faufts ocaatig
downstream of the secondary wye winding. It is set for either high magnitude
ground faults for use with 51NY, or sensitively to be used alone when time
axF@nalion is not cequised.
SOTF hstantaneous phase A relay that funcions instantaneously on an excessive value of current. Provides
overanrent relay. protection for ansformrer internal faults.
SIN' | AC tme groww A relay hat fisvdiors when the graund fault antent exceeds a gredetermined
ovesasvent relay. value for a given ime. The azvent and operating time are inversaly proporional.
The relay is connected in the trarsformer neutral. Device 51N provides ground
fault protection for the trarsformer wye winding and through faults ocanting
dowrstream of the sexndary wye winding.
51{ND? [ AC time ground A relay that functions when the ground fauft curent exceeds a predetermined
overanrent relay. value for a given thne. The csTent and operating thme are inversely proportional.
The refay s residualty anveded in he CT secondary. Oevice 51ND provides
ground faul protection for the trarstoimer dela winding and the transformer
leads between the winding and the CT.
51NV' | AC tme ground A relay that functiurs when the ground faukt culrent exaseds a gredatwrTnined
oveEasvent relay. vawe for a given ime. The asvent and operatng time are inversely proparGnral.
The relay is residually connected in the CT secondary. Device 51NY provides
ground fauR protection for primary wye windings, back fed seandary wye
windings, and through faults consTng dowtsteam of the secondary wye
winding.
S51TF AC time gvercurrent A relay that functions when the ac input anTent exceeds a predetermined value.
velay. The Inpart current and ocperating time ate Fwersely groportiana). Provides
transiormer teough fauk and Hackup protection.
51TL AC time overcurrent A relay that functions when theé ac input cutrent exceeds a predetermined value.
relay. The input aurent and operating time are ¥wessely proporianal. Provides
trarsformer overtoad protecion.
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Number Device Name Device Desuription
& Presssre switch or A switch or relgy which operates on given values, or on a given rate of change of
relay. pressure.
67N> AC directional neutral | A relay that functions on a desired value of ground fault cusrent in a
ovaeranveswt relay. predetermined dvection. Provides grownd fault protection of the transformer wye
winding for only intemal faults.
71 Liquid level gauge. Measures the level of insutating fiquid in the transformer tank.
87T Trarsiswrer differential | A relay that funcions on a percentage difference of the primary and seasvdary
relay. side anvents. Provides fault protection for the transformer $or only Internal faults.
87TN® | Transfurmer ground A relay that functions on a predetermined differenca between neutral and phase
Afferaniia) rekay. resibust asTents for a trarsfuimer ground faut. Provides ground fault protection
of the transTormer wye winding for only intanal faults.

Notes:

1. Devices 50G, SON/51N, and SONY/51NY are aRematives.
2. Davice SOGO is an akansiive to SONDISIND.

3. Davive G7N is am ahametve o B7TN.

2.1.1.2 Provide ground fault protection on both sides of the transformer at each voltage level in a fadility.
Each voltage leval has its own unique systam ground and, therefore, must have its own ground fault protec-
bon systern with appiopniale trippmg andfor alarm. Provide systermn grourd fault protection in acoardance
with the recommendations in Data Sheet 5-10, Protective Grounding for Electric Power Sysferns and Equip-
ment. Depending upon the type of system groumding, these devices shoutd trip the upstream (high side)
breaker if provided or alamm at a constantly attended locaton (e.g., Fig. 1a). Tha alarm should be treated
asaﬁreevmlavdms;uvdedloappnxriatdy_Analarmvmmum:veshouidbedevdqx'xdavd
posted. The Plant Emergency Organization should mciude both fire and electncal personnal capable of
de-awrgzig the eguprvent. if de-energzation can not be accamglisived m a ety qarner, then a high
side breaker must be instalied and tripped (e.g., Fig. 1b).

2.1.1.3 An arc monitoring system ABB Arc Guard Systermn or FM Approved equivalent should be provided
to detect arcing faults in transformer vaufts with exposed energized components. This addiional protection
should be provided where the grourd fault relay camnot be set low esough to detect grourd fault asvent
due to neutral imbalance current flow. Thesa devices, in conjunction with the ground fault protection in Sec-
tion 2.1.1.2, should trip the upstream (high side) breaker if provided or alarm at a constantly attended loca-
ton. The alarm shaudd be treated as a fire event and resporvded 0 appropnately. An alarm raspartse
procedure shoutld be developed and posted. The Plant Emergency Organization should include both fire and
electrical personnel capable of de-energizing the equipment. If de-eneryization cannot be accomplished in
a timely mamner, then a high side treaker must be installed and tripped (e.g., Fig. 1b).

Figure 1a is for all transformers rated 1000 to 10000 kVA with primary fuses. The table in Figure 1a shows
the recommended protective devices for dry-type transfurmers, and 1000- to SO00-kVA and S000- to 10000-
kVA kquid irmudated transformers. The table also shows the adion (—4ndication, A—Alaam, or T—Trip) of the
protective device for the three categories of transformers. Figure 1a also applies to transformers rated less
than 1000 kVA when the transformer creatss a fire exposure. Altemative protedtive devices are shown in
Fgure 1e.

Figure 1b is for all transformers rated 1000 to 10000 kVA with prinary circuit breakers. The table in Figure 1b
provides the same information as described for Figure 1a. Figure 1b also applies to transformers rated less

than 1000 kVA when the transformer creates a fire expasure. Altesmative protudiive devices are shown in
Figure f1e.

Figure 1c is for ransfoaners rated 10,000 kVA and asbove. Altemative protectve deviaes are shown in
Fgure 1e.

Figure 1d is a typical relay diagram for a dual supply and dual transformer configuration (secondary selective
system).

Fgue 1e shows all of the protective devices described. Other schemes are available that provide equvalent
protection and reliability. The protection for ungrourded and high resistance grounded systems is not covered
by Fgwes 1a Yvaugh 1e. Apgrognate grourd fault prot=cian should be provided

©2005 Factory Mutual lnsurance Company. All nghts reserved.
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Device

Desoptian

Ory

Uiquid
(MVA)

1-5 | 5-10

Liqand thermal
davice

Winding tvermal
daevice

51N’

Thme delay
overcnvent relay.
(Ground faut
protection of
transformer wye
wavding and
Bwough fauks.)

51TL

Time delay
oveQsTaw relay.
MWarstamar

overtoad protection)

63

Sudden pressure
retay

LD

71

Liquid Level Device

Notas:

A—Awm, —3ndioaffion, T—Trip
1. Devices S0G, SINSIN, SINY/SINY. &7N and 87TN are
altematives. (See Fig 1E.)

OO

Fg 1A. Blectrical pratecfion one-Sne. Privary fuse.

1000- to 10000k VA transfurmers.

Less then 1000 kVA when trensformer crestes fire exposure.

2.1.2 QOperafwn and Mantengnce

2.1.2.1 Transformmers should be installed, operated and maintained in accordance with manufacturers’
recommmendations.

2122 When a ran<former is dedfivered emply of kquid, the ramsfachser's instrudions must be striclly
fullowed in regard to drying and Tiquid-filfng procedures.

2.1.2.3 Before commissioning, transformers shoutd be inspeded and tested in accordance with manufactur-
ors’ mstruciors. Delectnic characterstics of the insulabon meda (winding insulation, msulating kquid, bush-
ings, tap changer oil) should be measured and recorded to establish bench marks for future reference. Refer

to Data Sheet 5-20, Eecirical Testing. The trarrsformer should be enargized if it is to be stored for a lengthy

pencd.

©2005 Factory Mutual Insurance Company. All rights reserved.
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Device
No.

Desaription

Liquid

Dry (MVA)

1-5

5-10

Liquid thermal
device.

Windivg Gvermal
device.

S50ND?

Instantaneous
ground avercusrent
relay. (High
magnitude ground
fault protection of
arnsinamer delta
winding and ‘eads.)

Instantaneous
ovesQsTaN relay.
High magritude
transformer intemal
phase fault
praotection.)

SN

Twme delay
averanvent relay.
(Groud fauh
protection of
transformer wye
winding and
Gwosgh faults )

S1ND?

Time delay ground
avercurent relay.
(Grourd tauk
protection of
transformer deRta
winding and leads )

S1TF

Time delay
overagrvent relay.
(Phase through
faulk protecton)

S51TL

Time delay

overanvent relay.
(Transfamer
overtoad protedtion)

63

Sudden pressure
relay

n

Uquid level device

Notea:

A—Nemm, | —Indicstion, T—Tp
1. Duvices SOG, SONSIN, SONYISINY, 67N and 87 TN ave alematives. (See Fig 1E.)
2. Device SO0GD is an aftemative to SOND/51ND. (See Fig 1E.)

HOO®

Fy. 1B. sl pratedon
1000- to 10000k VA trarsfurmers outdoors.

Less than 1000 kVA when tensformer creatss fire exposwre.

ane-Ove. Primary bdresker.

2.1.2.4 Immediately after commissioning and periodically for several days, the transformer should ba

inspected tharoughly for indications of overheating, oi leaks, vibration or matfunction. Proper oparation and
caltwabon of each monitoring and protecfve device should be verfied. ISDived-gas=in-oll analysis should
be performed within 18 to 24 hours afler energization, one month later, and six months later to determine if the
transformer is having a gassing problem.

©2005 Factory Mutual nsurence Company. All rights reserved.
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Device
No Description Action
23 Volisfivertz retay (For unit T
arwverted transfoniners onty)
26 Uiquid thermal device A
49 Wnhding Svesmnal device A
SOND?® | Instartaneous ground T
ovaercurrent relay. (High @
magniude ground fault
pratection of rarsfamer delta
wihding and leads.)
50TF | Instantaneous overcurrent relay. T
(High magniude transtormer
nternal phase fault protection)
S1N' | Time delay overcurmrent relay. T
(Ground fauRt protection of
hansfoimer wye wavdwyg and
through fauls.)
S1ND? | Time delay ground gvercurrent T
velay. (Grasvd faulkt protedtian @
of transformer deRa -windirg—
and leads.)
S1TF | Tame detay overasvent relay. T
(Phase through fault
protection.)
S1TL | Time delay OverasTtent relgy. T
(Transfarmer avertaad
protection)
63 Sudden prassure relay T
7 Uquid Level Davice \
87T Transformer differential relay T
(Fautt protection for transformer
nterval faults)
87TN | Transformer ground differential T
relay (Ground fault protection of
tarsformer wye wavdvg
emal fauls)
Notes:
A—Namm, yon, T—Trp
1. Davicas S0G, SIN/SIN, ard FSINY/SINY are a®erabhves (See Fig 1E)
2. Device SOGD is-an-aflerr=iive to SONDISIND. (See Fig 1E.)
3. Davice 67N is an afwmative to B7TN. (See Fig 1E.)

FRg. 1C. E=cticel pratwction ane-Bre.
10000k VA and larger transformers.

2.125 The operation of each ransfumear should be monitored on a fixed schedule. Overhaating caused
by conbnuous ovestoading, overexdatabon, etc. should be carrected mimediately. If a termparary overlcading
becomes necessary because of outages of other units, switching operations or other regsons, the latest revi-
sions of ANSIEEE Standards C57.91 and C57.92 showdd be followed.

2.1.2.6 Perform electrical testing on all transformers whose failure would cause serious property damage
and/or production intermuption. Testing should be performed in aax dare with manutscturers’ instructions
n coruvcian with Data Sheet 5-20, Bedrical Testing.

2.1.2.7 All component parts (both in air and under liquid) assodated with the automatic operation of the trans-
former’s load tap changer should receive periodic preventive maimntenance. Tests should be parforrmed on

the mineral ofl in the load tap-changar campartirent. Low od level in the tap changer armpartitest should be
investigated. Periodic preventive maintenance on load-fap changers should be performed in accordance
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|

©]0J0J0I0

51N

[]

Note:

Bledrica) profedion sShown tor 10-MVA end terger arsformers.
Protection should ba chasen per Fig. 1A, 18, or 1C depemding
upeo Franstoomer size.

with the tap changer manufacturer’s instructions, operating experience and recommended practice. The oil-
filled load-tap changer compartment should be provided with a mechanical over-prassure relief device.
Replaasvent parts for the lcad-tap changer should be readily available. The nolaad tap changer operating
machanism should be locked to prevent inadvertent operation.

2128 Condarnser-type bushirgs should be tested for an maease in power facdar and capagtesve with
tme. The ushingys shoukd be tested in acrordance with manufachurers’ instructons and Data Sheet 5-20,
Electrical Testing, for high power factors and capadtance values. If test results exceed manufacturers’ limits
for powar factor and/or capacitance, they should be removed from service.

©2005 Factory Mutual nsurance Company. All rights ieserved.
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Devico
No.

Descaiption

24

VoRtshertz relay (For unk cormvected
trarsfamers only)

| Uiquid thermal device

Wavfyg Gvesmal device

2 5%

n

Zero Sequaence Nsa/fwepars ground
overasvent relay. (Ground fauit
pratection of wye wikvding and through
faulkts)

50GD*

Zero sequence Instantaneous ground
overcumrent relay. (Ground fault

protection of trarstomner della wiv@ing.) |

Instantaneous ground overcurrent relay.
(High magnitude ground fault protection
of wye windvg and through faults )

Instamtaneocus ground overasven relay.

(High magniude ground fauit protection
of ransfamer defla winding and leads.)

retanivenss ground overanvem™ relay.
(High magnRude ground fault protection
of wye winding and through feufts.)

SOTF

nstantaneous ovemaarent relay. (High
wagritude trarsforvrer ¥termnal phase
fault protection)

S1N

Time delay overasvent retay. (Ground
faulk protecfion of Carvsfanrer wye
winding and through faufts.)

S1ND

Tene delay ground ovesasvent relay.
(Ground fauR protedtion of ransformear
defta winding and leads.)

S51NY

Time delay overcumrent relay. (Ground
faulk protection of tansformer wye
wirding and Pwough fauls.)

S1TF

Time delay overcurrent relay. (Phase
Beough faulk protectan.)

SI1TL

Tiune delay overasrert relay.
(Transfamer overioad protection)

Surdden presuse felay

TN

AC Direcfional neutval overcutent relay.
(Ground fault protection of transformer
wye winding Intemnal faufts)

"

Uquid Level Device

87T

Transformer differential relay (Fault
protection: for ransfarmer intemal faults)

87TTN

Trarsfawmer ground differential retay
(Ground fauk protection of transformer

wye winding intemal faults)

Nofass

1. Davioes S0G, SIS IN, SINY/SINY ane stematives.
2. Device 50GD is an aemative o SOND/S 1ND.
3. Device 67N is an afemastive to 87TN.

/%

01010010

2129 Test and mairtain moarmtorng and elecincal protective devices (fuses, arauit breakers and relays)
in aaxxdance with Data Sheet 5-19, Switchgear and Orcuit Breakers, and Data Sheet 5-20, Bedrical Testing.
All the components of the protectron systems should be inspected and maintained according to their
manufactre's nsrucios and the recomemerdations of the rantsformes supphes.

©2005 Factory Mutual iInsurance Company. All rights reserved.
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21210 The cause of protective relay oparation should be deterrnined before adion is taken to redose the
transfamer onlo the electical syslem. Many faillures after redasure following relay operation have baen
reported. Unsuccessful reclosure leads to further damage and destruction of the evidence of the cause of
the relay operaton.

2.1.2.11 Provide transient overvoltage (“surge™) protection in accordance with Data Sheet 5-11, Lightning
and Surge Protection for Electrical Systems.

2.1.2.12 A sourd and conSstent maintenance grogram should be established. This program should follow
the speafic msiructiuns of the mamufacdurer of the ransfarmer, expenence and guidelines of this dala sheel.
The importance, criticality, physical environment and operating conditions of the transformar should be
ansdeared to establish an effeclive scivedule.

2.2 Indoor Transformers

The fifioweny gralecian recarsTrrwiations are based on whether the transformrer is FM Approved or equiva-
lent, the type of msulating liquid, the type of ransformer and the electrical protection provided. Network trans-
formers are considered separately from other types of transformers. A network transfurmer can be energized
from either priTtary or secondary wivding. The faiure rates for network ravnsfonwers are higher than for other
types because the secandary electrical protection is not adequate.

2.2.1 Construction and Locstion

22 1.1 General
2.2.1.1.1 Indoor transformers should be located a minimum of 3 ft (0.9 m) from building walls.

2.2.1.1.2 Cortanwnent systems should be provided for kquid msulated ransfarmmers. Where transformers
are located in man plant areas, curbing should be provided. Where located in a room, the room should be
capable of containing the votume of liquid in the largest transformer.

22113 Where nontherma damrage could ocaur to the oangpancy liquid insulated transfurmears should be
redocated Y0 a room Nt expasing the ocupancy or the room should be provided with a dasigned meéchani-
cal ventilation system. Power for the ventilation system should be suppfied from an emergaency power supply.
The room arstrucion should have a fire resistarwe rating spedfed in the foowityg appcable sections. If
a fire resistance rating is not spedfed, the om should be of nonambustble constructian.

2.2.1.14 Provide ionization type smoke detecborn/alarms in electrical rooms to sound at a constantly attended
location regardiess of any automatic sprinkler protection or heat detection that may exist. Response should
indude rotificatian of persormnel capable of de energizing the elecincal equipment. The prasaence or absence
of smoke detectors does not change the need for sprinkiers. Smoke detection spacing should be accordance
with Data Sheet 548, Automnatic Fire Detectron.

22.1.15 Develap a prefire plan for fire and electica rasgorse. Blectrical persomnd should be capable of
resporvd@ve at the same time as fire ighting pessanne! and be able to de-energize equigiment so there will be
no delay in fire fighting activittes. An upstream (high side) breaker located outside the electrical room
aessible duty emergences may be needed to accamplish this.

2.2.1.2 Liquid Insutated Network Transformers

22121 Tacfauwes should preferatly be FM Apgroved or equivalent (see Sechon 3.1.1.2, FM Approved
and Equnvalent Trarcsfarmers)

2.2.1.2.2 Transformers should be located within a room of fire resistant construction snd/or protection. The
fire resistance of the construction depands on the quality of insulating fluid in the largest rarsfamer.
Transformer rooms should be located on the outside wall were possible:

a) A hre resistance rating of 3 hours; or

b) A fire resistance rating of 1 hour, and provided with automatic sprinkler protection or an FM Approved
gaseous agent suppression system, or 3 water mist system FM Approved for machinery spaces. If auto-
malic sgrinkdars are used, a gscharge density of 0.30 gpm/R? (15 mm/min) should be provided aver the
area of the room.

2.2.1.2 3 Transfarmear moams should be located on an outside wall where passibla.

€2005 Factory Mutual Insurance Company. All rights resarved.
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2213 Uruid hsutated Transfavrers (Except Network)

2.2.1.3.1 Less Aammable Liquid Insulated Transformers

22 1.3.1.1 Transformess should be FM Agproverd or equivalent (see Secion 3.1.1.2) or the foflowing should
be done:

+ Location within a room with a fire resistance rating of one hour; or
* Auytamatic spriniders should be provided over the transformes and for 20 R (6.1 m) beyond. The design
dsdharge densty should be 0.20 gpmift2 (10 manvimin).

22.1.3.2 Odl Insulated Trandormers

Transformers should be located within a room of fire resistant construction. The fire resistance of the con-
struction depends on the quantity of insulating fiquid in the largest transformer. Transformer rooms should be
located on an autsde wall of the buildng where possible.

2.2.1.3.2.1. For 100 gal (0.38 m®) or less, the fire resistance rating of the room should be one hour.
2.2.1.3.2.2 For more than 100 gal (0.38 m>), one of the followirrg methods should be used:
a) Location within a room with a fire resistance rating of 3 hours.
b) Location within a room of arvedvaur fire resistance and provided with auturmaltic sprinkder protection
or an FM Approved gasecus agent supgression system, or a water mist system FM Approved for machin-

ery spaces. If automatic sprinklers are used, a discharge density of 0.30 gpm/ft? (15 mm/min) should
be provided over the area of the room.

2.2.1.3.2.3 For muttiple transformers in the same room, the room should be of 3-hour fire rated construction
and one of the following protection methods should be used:

a) Subdivide the room so that ransformers are in separate fire areas using construchon with a 3-hour
fire resstance rating.
b) Provide automatic sprinkler protection, an FM Approved gaseous agent suppression system, or a water
mist system FM Approved for machinery spaces. If automatic sprinkiess are used, a discharye dersity
of 0.30 gpm/ft2 (15 mm/min) should be provided over the room area (see Fig. 2).

2.2.1.3.3 Dry-Type Transfarmers

2.2.1.3.3.1 ifdry-type transformers are located outside an electrical room they should be separated from com-
bustible material by distance or barriers to prevent ignition of the combustible materal or exposure to the
ransformer.

The separation distance should be 5 ft (1.5 m) horizontally and 10 ft (3.0 m) vertically; or
A bamer of mrwonharstble aonstructian should be provwded.

2.2.1.3.3.2 Air-cooled transformers should be located in a pressurized room where exposed to dusty or
corrosive atmospheres. Cooling air for the ransformer should be filtered and free of corrosive contami-
nants.

2.3 Outdoor Transformers

The fulowing grotection recsmamendabans are based on whether the ransformer is FM Approved or equva-
lent, and the vohsme and type of insulating liquid used. Outdoor trarsfammers may be located on or adjacent
to buildings as often happens with generating station transformers and distribution transformers at manu-
facturimg plamts. They may also be located in remote areas such as substations.

2.3.1 Construction and Location

2311 BExprrsure Profechon

Buildings or equipment exposed by transformers should be protected by separation, a fire barrier or a water
spray system on the transformers.

@©2005 Factory Mutual Insurgnce Company. All rights reserved.
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T J——— 3 Exposed Steel
”W !l

Main
Plant
Area

2,000 kVA
Transformers ——
400 gal (1.5 cum) ‘

Mineral Oil

Plan View

Main
Plant
Area
n n

3-hr wall with exposed /
steel protection or

1-hr wall with A S. prot.
or gaseous agent Transformer
suppression in —

transformer room

MCC Room

Seal Cable Openings
into MCC Room

Elevation View

Fig. 2. Plan and elevation view of transformer room and MCC room containing three miners! o insulsted trensformers.
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23 1.1.1 Separatran Distance

23.1.1.1.1 The separation distance between buildings and transformers should be as indicated in Table 2a.
Horizontal distance is measured from the transformer if an FM Approved less flammmable fluid is used. Hori-
zontal ditance is also maasared from the transformer where uwwapproved fluids or mineral ol filed
transformers less than 500 gal (1.9 m>) are used and the ground slopes away from the transformer. If the
transformer contains an unapproved fiuid or mineral oil of 500 gal (1.9 m?) or more the distance is measured
from the dike (see Fig. 3).

2.3.1.1.1.2 The separation distance between other equipment (including adjacent transformers) should be
as indicated in Table 2b.

Morizants) Distance 0
Two Hour Nan- Combustitle
R Approved Fre Resstant |  combustdie Corstryioon, VerSical
Trarsformer Liguid Vodumne, Corstyuction, | Corrshrvdiun, ft fm) Digtence
Liquid or Equivalent gal (m3) ft (m) R (m) f (m)

Less Flammable Yes NIA 3(Q.9) 5 (1.5)
mﬁ“""d No | <10.000 (38) 5 (15) 25 (7.6) 25 (7.6)
>10.000 (38) 15 (4.6) 50 (15.2) 50 (15.2)

Mineral Oil or NIA <500 (1.9) 5 (1.5) 15 (4.6) 25 (7.6) 25 (7.6)
(urapproves Mu | 900-5.000{1.9-19) 15 (4.6) 25 (7.6) 50 (15.2) 50 (15.2)
>5.000 (19) 25 (7.6) 50 (15.2) 100 (30.5) | 100 (30.5)

(1) All transformer components must be gocessible for inspecton and maintenance.

M Approved Trensformer Froid Volume, Distance,

Liquid or Equivatent gal (m?) ft (m)

Less Flammabie Yes N/A 3 (09)

(FM Approved Fluid) No <10.000 (38) 5(15)
>10,000 (38) 25 (7.6)

Mineral Ol or NIA <00 (1.9) 5(15)
(tmapgroved Muld) S00-5.000 (1.9-19) 25 (7.6)
>5,000 (19) 50 (15.2)

2.3.1.1.2 Fre Bamers

23.1.1.21 Bundmgs

2.3.1.1.2.1.1 Where building walls are used for protection, the exposed wall should extend the horizontal
and vertical distances from the dike or transformer spedfied in Table 2a.

23.1.1.2.1.2 Roofs expased by mineral oil insulated transformrers should be Class A rated for the axposed
area. The exposed area is considered to be the following:

a) 15 it (4.6 m) from a ransfurmer contaning 1,000 to 5,000 gal (3.8 to 19 m°) of mineral oil where roofs
are less than 25 R (7.76 m) high.

b) 25 f (7.6 m) from a ransfamer containing in excess of 5,000 gal (19 m?), where roofs are lass than
50 it high.

23.1.1.2.2 Equipment

23.1.122 1 For equipment protedion, bamiers should extend 1 ft (0.3 m) verticafly and 2 R (0.6 m) horizon-
tally beyond transformer components that could be pressurized as the result of an electrical fault. This would
typically include bushings, pressure relief vents, radiators, tap changer endosurss, etc.
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Noncombustitie construdhion
—

Mineral oil insulated
transformer

H1 = Transfommer less than 500 gat. and where ground
slopes away from building dike not needed. Horizontal
distance is measured from transformer to building.

H2 = Where ground is flat or slopes to building dke should
be provided. Horizantal distance is measured from dke
to building.

©2005 Factory Mutual Insurance Company. Al rights ceserved.
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23.1.1.222 Bamears should be of anrvaete block or reinforced conaete constnechan adequate for 2-hour
fire resistance.

2.3.1.2 Containment

2.3.1.2.1 General

2.3.1.2.1.1 Provide a containment system for transfurmers under the following conditions:
a) Miveral od ted bansfamrass where a release of fluvd wowtdd expose buldings.
b) Mineral oit filled transfonners containing more than 500 gal (1.9 m®) of mineral oil.

c) FM Agmroved less flammmable fuid filed ransformer s containing more than 1320 gal (5 m>) of fuid.

d) FM Approved less flammable fluid filled transformers where the fluid is certified as a biodegradable fluid
by the government environmental protection agency and where a release of fluid would not expose
navigable waterways (see Appendix A for defiretrn). The transformar should be properly labeled.
Transfummers containing more than 2640 gal (10 m>) of fluid should be provided with containment.

23.1.21.2 The containmant system should be large enough for the votlume of ofl in the largest trans-
farmer and the water from a 10-min discharge of the water spray system if provided. i there are three or
more transfommers, it should be assumed that the fire will occur in the middle transfonmer and the water spray
systems on adjacent transformers will operate.

23.1.2.1.3 The contaimment system should consist of a pit or a diked area and a drainage system for removal
of rainwater. The pit should be pratected as dasaibed in 2.3.1.2.2 and 3 if the transformer is mineral oil insu-
lated. It may be unprotected if the transfarmer contains an FM Approved less flammabile fluid.

23.12.14 The pit or dixed area should be sized to comain the contents of the largest ransformer. The
area of the pit should exterd as follows:

a) For transformers containing 1,000 gal (3.8 m3) or less, the area of the pit should exterd 3 ft (0.9 m)
beyavd oil containing components where curbing is provided and S ft (1.5 m) beyond oil contaimng
componants where curbing is not provided.

b) For lransfarmers containitg more than 1,000 gal (3.8 m3), the area of the pit should extend 5 ft (1.5 m)
beyond ol contaming componants where abing is provided and 8 R (2.4 m) beyond ol containing
components where curbing is not provided.

2.3.1.2.2 Rock-Fied Pis

23.1.2.2.1 Where rock-filled pits are used, the rock should be lbosened and tumed as necessary to pre-
vent filling of void spaces by dirt, dust or silt. The frequency is dependent on area of thé country and loca-
ton near canw/tadisig faglities which genarate dust or fiyash.

2.3.1.2.3 Open Pits

2.3.1.23.1 Where an open pit is used, one of the flowing farms of arotedion should be provided:

a) Automatic sprinkler or water spray protection should be provided for the pit area designed to a discharge
density of 0.30 gal/min fi” (15 mm/min) over the area of the pit; or

b) A 12-in (30 am) Bwck layer of rock located on steel grating should be provided at the top of the pit.
The rock used should be 1.5 in. (3.8 cm) washed and uniformty sized rock, (Size No 5, ASTM D448
Starderd Classthcation for Sizes of Aggregate for Rosd and Bridge Caorcstrodtion). (See Fig. 4.)
2.3.1.3 Roof-Mounted Transformer Installations
23.1.3.1 Camanrest systems should be provided for roof-mounted transtomers.

a) For transformers with 500 gal (1.9 m>) or less insulating fquid, the containment system may be a welded
steel pan or curbed concrete mat with capacity large enough to handte the liquid in-the largest transformer.

©2005 Factory Mutual Insurance Company. All ighis reserved.
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b) For mineral oil mautated tansfumwss with more than 500 gal (1.9 m°) fiquid capadty, containment
should be rock-fiNed or of the open pit design with protection as recornmended in Section 2.3.1.2.2 and
2.3.1.2.3. For FM Approved less flammable fluid insulated transformers an open containment may be used.

c) Qass A roof construdion should be used for the horizontal distance from the ranstummer spedfied
for oo rdarstible construchan in Table 2a.

12 in. (30cm) thick
layer of 1172 in. (3.8cm)
. 1 “"Washed Stone"

-

S A

Drain to safe =

location

23.1.3.2 The containment system should be drained to a safe location acceptable to the authonty having
jurisdiction.

2.3.1.3.3 Adjacent buildings and other equipment should be protected in accordance with Section 2|.3.1.1.
2.3.2 Protection

23.2.1 Water Spray Exposure Protection

23211 Bddmags

2.3.2.1.1.1 If water spray or automatic sprinkler protection is used for building protection, a discharge density
of 0.20 gpm/i2 (8 mrmymin) should be used over the exposed surface.

23.2.1.12 The water supply should be adequate for 2 hours and should include a hose stream demand
of 500 gpm (1900 /min).

2.3.2.1.2 Equepment

23.2.1.2.1 For mutltiple transformer installations the water spray system should be designed based on
simultanaeous operation of the water spray systems for the adjacent ransformers.

©2005 Faclory Mutual nsurance Company. All righte reserved.
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2.3.2.1.2.2 The water sgray Systesm should be designed to provide a density of 0.25 galfmin f2 (10 mm/min)
over lransformer surfaces, except areas under the transformer in accordance with Data Sheet 4-1N, Water
Spray Fixed Systemns.

232 123 Where the ground around the transformer is nonabsortiveg, water spray should be provided at
a derssity of 0.15 gal/min f2 (6 mynvmin) for the diked area or for a distance of 10 it (3 m) from the trans-
former in all directions.

232 124 Corponants of the water spray system, such as piping, spray nazzes, elc. should be a mntmum
of 18 in. (45.7 am) from the transformer.

2.3.2.1.2.5 Piping should not pass over the top of the transformer or be exposed by tank relief vents.
2.32.1.2.6 Water spray nazdes should not be directed at bushings.

23.2.1.2.7 The water supply should be adequate for 1 hour and include a hose stream demand of 250 gpm
(950 Ymin).

2.3.2.2 Hydrant Protection

2322 1 Provide hydramt protechon where ransfanvers present an exposure to buildings and equipment.
Nazrdes FM Agproved by FM Approvals for use on elechical equipment sre preferred. Nozzles that produce
a spray angle of 30 to 90 degrees without passing through a sofid stream are acceptable. If sokd hose streams
are used with egqiprmeyw up 1o 138 kV, the minmmum approach distance should be 20 ft ( 6.1 m) for 1-V2
m. nazdes and 30 it (9.1 m) for 2-¥2 in. (6.4 cm) nozdes. Tests have not been conducted on equipment with
voltages above 138 kV and solid hose streams should not be used until this equipment is de-energized.

2 4 Transformer Producton Test Areas

2.4.1 Protection

2411 Avtamatic sprinder protecon shauld be installed at ceffing tevel throughout the test area. The dis-
charge dersity should be a minimum of 0.20 gpmvi (8 awn/min) for the following: a) 3,000 2 (2787 m?)
for wet pipe systems with 286°F (141°C) rated heads; b) 4,000 ftZ (371.6 m?) for wet systems with 165°F
(74°C) heads; c) 5,000 2 (464.5 m?) for dry systestrs with 286°F (141°C) heads; d) 6,000 fZ (557.4 m?) for
dry systems with 165°F (74°C) heads.

24.1.2 Atleast 6 in. (15 cm) high curbs should be provided around the test area with the curbed area drained
lo a safe location acceptable to the authonty having jurisdiction.

24.1.3 A standpipa with 1-¥2 in. (40 mm) hose cormections should be provided such that all areas can be
reached with at least one hose stream.

2.5 Transfarmers Insutated with Liquids Contaiving Polyciorinated Biphenyts (PCBs)
2.5.1 Operstion and Maintenance

2511 Genaral

2.5.1.1.1 Transformers which have been flushed and refilled with a replacement liquid should be tested at
3 to 5 year intervals in accordance with Data Sheet 5-20, Electrical Testing, to verify that PCB concentra-
trons are below S0 ppm.

25.1.1.2 PCB-filled and PCB-contaminated transforrmners containing more than 50 ppm PCBs should be
replaced.

2.5.1.2 Operation, Maintenance, and Fire Protection
Pending teplacament of PCB-filled and PCB-contamimated ransfarmers, the followirg shvoutd be done:

2.5.1.2.1 An emergency response plan to handle a PCB spill shoutld be developed. The plan should be in
writing and should indude:

= Avaitability of an estergercy power supply

©200S Factory Mutus! Insurance Company. All rights reserved.
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Telephwave mumbars for salvage and ewageancy, aifical plant parsonnel, a PCB disposal firm, and the local
FM Glabal office.

Telephone numbers of appropriate authorities. In the United States this includes the National Spill Response
Centar, and the nearest EPA Office.

25.1.2.2 A visual nspedian should be perfanred for ransformers in use or stored for reuse on a monthly
frequency if the transformer is accessible without shutdown of the transformer, and annually where the trans-
farmer carmat be intspected withaut stwatdown.

2.5.1.2.3 Damaged or leaking areas should be repaired.
25124 Roor drams expased to a PCB spill should be sealed excep\ drams to an oll contaimment system.

2.5.1.3 PCB-Insulated Transformer Replacement

25.1.3.1 Drain PCB-ontaminated kqusd from trarsfumears containing more than 100 gal (0.38 m™) before
moverment.

2.5.1.3.2 Drums containing liquid PCB should be packed within a larger outer drum with absorbent mate-
rial between the twa drums.

25133 A pewmwergacy plan should be developed before maving PCB-filed equipment or containers to
minimize expasire o plam areas. The plan should indude verification that spill comtamment equipment such
as plastic shesting, oil absarbent materials and empty drums are available.

2.5.1.3 4 Drums contaming PCBs should be rermoved from main plant areas and disposed of as soon as pos-
sible. If drums are stared on-site, they should be slored in detached low value buildngs. The following pre-
cautions should be taken:

* The drums should be stared in a room of rrwsnsstible construction with noncombustible ocnupancy.

* Floor areas should be provided with a minimum 6 in. (15.2 cm) high cutb. The volume of the curbed area
should be capable of containing either twice the volume of the largest container or 25% of the volume of
the PCB contamers in the room, wirchever is larger.

+ There should be no drains within the curbed area.
+ Floor and curbing surface area should be constructed of impervious matenals, such as concrete.

2.5.2 Construction and Locstion
2.52.1 Where ransfonners are in open plant areas the falowng shoutd be done:

+ Provide a curbed area around each transformer or bank of transformers sufficient to contain liquid from
the largest transformer. Isolate PCB-contaminated transformers from hazardous processes or areas of
combusitde storage by means of one of the following:

a) A one-hour fire rated barrier
b) A aerwvuom 15 ft (S m) separation distance free of combustibles.
2.5.2.2 Where fransformers are within rooms or vaults the following should be done:

* Seal wall parwebatkns
* Exhaust air direclly to the outside
+ Keep the room free of combustibles

©2005 Factory Mutual Insurance Company. All rights reserved.
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3.0 SUPPORT FOR RECOMMENDATIONS
3.1 Discussion

3.1.1 FM Approved and Equivalent Transformers

Approval is intended for liquid-filled transformers rated at 5 to 10,000 kVA. If a transformer is FM Approved,
fire frequency is considered reduced sufficiently such that fire protection considerations are not necessary.
The FM Approval program ascders the transfomer as a system that includes evatuation of the fire praper-
ties of the liquid, the abflity of the tank and transformer components to withstand the pressure generated
by a low level electrical fault, and the ability of electrical protection to clear a fault before tank rupture. The con-
dtiorns of Apyproval are as follows:

1. Tank design strength to prevent tank rupture under low energy fault conditions.

2. A pressase refed device to rekeve pressure it a low asment fautt cocaurs until the fault can be deared by
elechral protection desaibed in Item 3 below.

3. Electrical protection to dear sustained low current faults. This protection could be in the form of a ground
fault relay and sudden presswe relay, or other devices of equivalent raliability.

4. Electrical protection to dear high current faults. This protectiun is based on the kVA rating of the trans-
forrner and is intended o electrically isolate the transformer rapidty encugh to prevent pressure increase to
greater than hall the tank burst prassuse.

5. FM Approved transformer fluids have a fire point of 572°F (300°C) or more.

For PM Agproved netwark transfomess, secondary side dedrical protediion is meeded in addifion to the
above. This protecion could be in the form of ground fault detection or other terhnology of demonstrated
equivalance. This device should trip the high-side disconnect devices of the transformer expeniencing the fault
and other paratieled wransformers in the network.

An equivalent transformer is one with a UL listing per NEC Section 450-23 and electrical protection to clear
sustained low current faults. A UL fisted transformer per NEC Section 450-23 will include the protection
featwes desuaed above exvept for Item 3. I elechical protection to dear sustained low cumrent faults is
provided, the transformer should be equivalent to an FM Approved transfume.

The purpose for providing transformer electrical protection is to:
a) Separate the rarcfurmver from the remander of the system to allow the systam to contirnue o operate.
b) Limit damage to the transformer.
c) Umit domage to the rest of the system.
d) Minimize the possibility of fire.
e) Minimize hazards to personnel.

The cost of transformer repaws and the associated downtime may be expensive. High speed sensitive trans-
former protection can reduce transformer and system damage and therefore repair costs. There is no single
way to protedt Yransfortners. Vaious protection altemnatives need to be inveshgeated to determmine the best
and most cost effective scheme considering protecltive device speed, sensitivity and selecivity. Backup
protection should also be considered since failure of a single protective device or breaker could cause even
mote extesive damage to the ransformer. The sdeded protection shoukl miimze:

a) Cost of repairing or replacing transformer damage.

b) Cost of lost productian.

c) Cost of repairing/replacing adjacent equipment/property.
d) Adverse effeds on the balance of system.

There are several devices available that can be used to detect faulls in the transformer and guard against
the associated hazards.
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3.1.2.1 Mechanical Detecbon of Faults

There are several devices that are used to detect liquid level and tank pressure.

3.1.2.1.1 Liquid Level Gauge, Device 71'

The liquid level gauge measures the level of the insulating liquid within the transformer tank. The gauge is cali-
brated against a predetermined fiquid level at 25°C (77°F). A low liquid level could indicate a loss of liquid.
Low kquid level can result in overheating, insulation fallure or lashover. The liquid level gauge should be pro-
vided with alarm contacts. The alam shoukd sound to an attended location prior to the liquid level lowering
to the point where the transformer is endangered.

3.1.21.2 Pressirevanagn Gauge

The pressure-vacuum gauge indicates the difference between the transformer intemal pressure and atmo-
spheric. The transformer tank intemal gas pressure is related to the thermal expansion of the transformer
kquvd and varnes with the tempersture. The temperature of the fiquid is a furcction of the ambient tempera-
ture and transformer loading. The pressure-vacuum gauge should be tested for proper operation if its indi-
cation remains constant for a long period under various temperature and loading conditions. The pressure-
vaouwum gauge should be set to alarm before a tank rupture or deformation can ocowr. It is always better o
have a positive pressure (3-5 psi) lo prevent possible moisture and other contaminants from entering the
tank.

3.1.2 1.3 Pressase Rekef Device

This device should be provided on all liquid-filled transformers to prevent overpressurization and tank rup-
ture. When the transformer tank’s internal pressure exceeds the pressure relief device set pressure, the device
opens, aflowing the gas and/or iquid to be released. On large tarnsfomers the device should be provided
with an alarm contact and initiate an atarm at an attended location. The pressure relief device is self reset-
ting and self sealing. The pressure relief device should be tested to ensure proper operation. The device
is narmally mounted on top of the ransformer tank and is provided with a visual operation indicator.

The operation indicator must be manually reset after the pressure relief device operates.

3.1.2.1. 4 Gas Acarradafion and Sudden Pressure

There are two basic mechanical methods for detecting transformer faults: gas accumulation and oil or gas
pressure increase. Gas accumulation results from decomposition of insulation or oil. Sudden pressure

5356S are caused by mtemal and through-faults. The sudden pressure from the twaugh-fault is caused
by Ihe electromagnetic forces moving the core/core assembly. The sudden pressure from intemal faults is
caused by the electromagnaetic forces and cil vaporization from the arc energy. For intemal faults thesas relays
ate more serrgive than relays using dedrical quantities.

3.1.2.1.4.1 Gas Detector Relay, Device 63

The gas detecior relay is apphicable only on Fansfumers having arsarvatortype iquid presecvation/
seshg systems. It deteds gas evolution from arcs and overheating. The relay alaims when 200 oc of gas
has accumulated in its chamber. A gas sample should then be removed for analysis.

3.1.2.1. 4.2 Sudden Gas Pressaure Relay, Device 63

The sudden gas pressure relay is applicable to gas-cushioned oitimmersed transformers. The relay is
mounted in the region of the gas space. The relay can detect low or high energy arcs. The inert gas above
the insulating hquid transtaits the pressure wave o the relay. For high energy arcs the relay operates on

a gas pressure rate-of-rise. The speed of the relay is directly proportional to the pressure rate-of-nise. High
energy internal faults produce a large quantity of gas with a resultant high pressure rate-of-rise. The high
presswse rate of rise results in fast relay aperation (50-100 ms). Low energy arcs produce a smafler pres-
sure rate of rise. The lower rate-of-nse results in slower relay operating imes (500-1000 ms).

The most recent design of this relay uses two chambers, two control beflows, and a single sensing beflow.
Al three beluws have a cormmon interconnecing silicone passage. Dissimilar expansion rates of the two
control beflows initiates relay operation.
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The relay should be mounted in accordance with the ansformer manufacturer’s instructions. An auxiliary
relay (63X) should be provided to seal in lhe sudden pressure relay contacts and to prevent false opera-
tions. With the above precautions taken into consideration, the reliability of the modem sudden pressure relay
is very good. The relay should be connedted to trip the transformer high and low side Grcuit breakers.

3.1.2.1.4.3 Sudden Oil Pressure Relay, Device 63

Thes relay s apphcatie to al oit-immersed ansformers and is mounted on the tank below the minimum hg-
uid level. It detects imternal faults generating rapid rises in oil pressure. The raped rise in Oll pressure is frans-
mitted to the silicone liquid n the relay by way of the transformer oil and the relay closes its contacts. The
mast recent design of this relay is similar to that described for the sudden gas pressure relay. The same instal-
lation precautiors as for the sudden gas pressure relay need to be considered. The relay shoutd be con-
nected to trip.

3.1.2.1.4. 4 Gas Aaumialor Relay (Buchholz Relay), Device 63

The gas accumnulator relay is appficable only to transformers with conservator tanks without gas space in
the main tank. It is a combination of a gas detector relay and a sudden oil pressure relay. The relay is installed
n the pipe running from the main tank to the conservator tank. It can detect gas volume generated i its
gas detector mode or high veloaty oil low (large faults) in the sudden oil pressure mode. The gas detedor por-
tion of the relay is normmally used to atarm and the sudden pressure part is used to trip.

Note: Not all these devicaes can be used in a given type of ransformer, although genencally they appear
to be compatible. This is due to physical construction of a given transformes, ol pump location, cover
construction, and liquid preservation system. The transformer manufacturer should be consulted for the appli-
cabiWty of a sperific gas and/or sudden pressure relay and for its mounting location on the spedfic
bvansformer.

3.1.2.2 Thermal Detection of Abnormalities

Overheating shortens the e of ransfurmer insulation. Insulation detertaration is direclly propartional to the

duration and magwtude of overtemperature. Severe overternpearature may result in rapid or immediate insu-
lation failure. Transformer overheating may be caused by:

1. High amizent temperature (greater than 30°C [86°F])
2. Failure of cooling system

3. Overtoadg
4. Through-faults not cleared within transformer’s through-fault capability characteristic time.

5. Abnoimnal system conditions (high vottage, low frequency, gverexatation, voltshertz, nonlmear loads,
phase unbalance.)

Continuous monitoring of transformer temperature and protection against overtemperature is imperative and
is attained by the following methods.

3.1.2.2.1 Hot-spot Temperature, Device 49.

The hotspot temmperature gauge mdicates the hottest-spot termperature of the ranstarmmer. The location of
the hottest spot of the transfurmer is momitored by simulation methods, and appropriate wamings or trips are
triggered when necessary. Hot-spot temperature can be simulated by themnal relays and replica relays. The
theroal relay is mspansive 1o both top-od temperature and ‘o the direct heating effect of load current. A cur-
rent bansfomey (CT) supplies anrent proportional to windng current to the thermomnveter bulb heating coit
mounted in the top oil. The thermometer bulb measures the oil temperature with the heat effect of load-
ing and therefore tracks the temparature which the hot spot of the winding attains during operation.

The rephica relay, based on the Wheatstone Bridge principle, measures the resistanca of resistance tempera-
ture detectars (RTD) immersed in the oil. Current transformers supply current, proportional to winding cur-
rent, o a heating col mounted besde the RTD. The heating cod heats the oil around the RTD, simulating a
hot spot. The RTD's resstance varies with this oi ternperature. The RTD forms the balance leg of the bridge
circuit in the relay. The relay is therefore responsive to the transformer hot spot temperature. Temperatures
from several locations within the transformer can be monitored with this scheme.

©200S Factory Mutual Insurance Company. All nghts reserved.
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3.1.2.2.2 Top-af Temperalure, Device 26

The liquid temperature indicator measures the insulating liquid temperature above the core/coil assembly.
The temperature indicator is reflective of the transformer loading only to the extent that loading affects the lig-
uid temperatura rise above ambient. The tap-ail temperature changes very slowty to changes in load because
the liquid thermal time constant is much greater than the winding time constant. During periods of rapid load

ineases or decreases, the liquid temperature reading may lag behind the actual temperature of the
axvdrdors.

3.1.2.2.3 Fuses or Overcurrent Relays, Device 51

These devices, under certain conditions, may provide some degree of thesTnal protecton. These devices
are manty used to provide short Grouit protection. Description of these devices for both thermal and fault
protection can be found in Section 3.1.2, Transformer Elecincal Protection.

3.1.2. 2. 4 Overexaitation Pratection, Device 24

Overexcitation protection for transformers is needed for direct-connected unit generator step-up transform-
ers. The protection prevents overheating the transformer and unlaminated metal parts, with resultant ther-
mal damage to adyacent msulation from excessive excatation curenl. Overexaitation relays (voltsiHz) provide
wamings and/or trip functions mainly for directly-connected generator transformers subjected o wide ranges
of frequency during the acceleration and deceleration of turbine-generator sets. The volts per hertz ratio
should be less than 1.1 times the ratio of transformer rated voltage to rated frequency.

Overexcitation occurs when the ratio of volts/hertz exceeds 110% at the transformer's primary terminal. For
a generator step-up transformer this would be the low voltage side. Overexatation can occur during startup
and shutdown of the ganerator, aspecaly it the machine's voltage regulator is in a manual mede. This pro-
tection may be provided as part of the excitation control of the generator or by a separate Volts per Hertz
Relay, Device 24.

Separate overexcitation proteciion of unit ameded generator step-up transformer is required if the protec-
tion is not built mto the generator exatation system. A separate voits per herlz should be provided if the over-
excitation protection supplied by the generator manufacturer is bypassed when the voltage reguiator is in
mamual mode arnd this is the mormal method used to start and stop the madhine. The ransformer manufac-
turer should be contacted for propar coordination with either device and the transformer overexdtation limits.

3.1.2.3 Electrical Detection of Overloads and Faults

Overozds and faults can be dedricalty detected by fuses and protechve relays. To provide proper protec-
ton, thesa deviaes must be able to distinguish between an acceptable overioad within the transformar’s capa-
bility and internal faults. The protective device must also be able to detect harmful overloads and through-
faulls that are not deared by downstream protecton. The eledrical protechan system must be able to detect
afl types of faults (three-phase, phase-to-phase, and prase-tu-grourd faulls). Generally, several differant
devices are needed for the various fault conditions/types and overload conditions. Transformer overload pro-
tection should be applied on the load side of the transformer. Separate transformer protection for phase and
groud faults should be provided. Transformers that are connected delta-wye requite two groamd fault
schemss, one for the delta winding and one for the wye winding.

3.1.2.3.1 Coardnation of Protective Devices

The selection of appropriate fuses and/or protective relays should be the result of an engineering study that
has considered the coordination of all other protective devices and the electrical characteristics of the system
to be protected.

The primary-phase protective device must be set above the transforrner magnetizing inrush current and
normal overload. This requirement reduces the degree of protection provided for the transfurmer. The pro-
tective devices at ransfamner loads should be select:d to prevent loading of the transfaers beyond the
transformer short time overoad capability. The transformer manufacturer can be consulted to determine the
overload capability of spedfic transformers. The time-anrent characteristic of the transformer primary
protective devices should axardinate with other overanvent devices on both the primary and secordary-side
of the transformer.
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The primary protective device should protect the transformer against damage from thermal and mechanical
stresses resulting from a transformer secondary-side fauftt. The primary protective device time-current curve
should coordinate and be less than the ransfurmer through-fault withstand capability asve. (See ANSH Stan-
dard C57.109, Transformer Through-Fault Current Duration Guide.) This charactenstic takes into consider-
ation that the ransformer damage is cumulative. The degree of transformer protection provided by the primary
device for the mirsrmvm value for different types of seandary-side faults (Uwee-phase, phase-to-phase,
phase-to-ground) should be determined. The device should be selacted so that it wilt operate fast enough
to prevent transformer winding damage for minimum values of fault csrents.

Bednal quantities (kV, kA, kVA, kW, kVAR, and Z) are usually expressed in per umit or percent of a refer-
ence or base value. Percent is 100 times per unit quantity. The per unit value of any quanbty is the ratio

of that quantity to its base value. A 2500 kVA, 13.8 kV/480 V, 5.75% delta-wye transformner base values are
2500 kVA, 138 kV primary vaitage, 105 A primmery anrent, 0.480 kV searvdary voltage, and 3000 A
secondary csvent. The nameplate impedance is given in percent. Iits per unit value is 0.0575 pu.

For a delta-wye transformer a secondary line-to-ground fault results in primary currents on two phasl,es of
0.58 per unit or 58% of the secondary fault current referred to the pamary-side. If a 20-kA secondary-side fine-
to-growsrdd fault oaanved on phase “A”, the primary aurrent seen by phases “A” and “C™ would be 0.58 (0.480
kV/13.8 kV) 20 kA = 0.4 kA or 400 A. A secondary phase-to-phase fault on this transformer connection results
in primary currents of 1.0 per unit on one phase and 0.5 per unit on the other two phases.

For a delta-della tranvsfamear a secandary phase-to-phase fault results in primary csvents on two phases
of 0.87 per unit of the seaswlary current. Table 3 shows the effects of the delta-wye phase shifis for vanous
faults.

3.1.2.3.2 Fuse Pralection

This method is mainly used for transformers rated less than 5000 kVA. Fuses are a simple and inexpen-
sive means of providing overioad and fault protection of transformers. The main disadvantage of using fuses
is that the operation of a singte fuse 1) may cause single phasing and 2) may not de-enargize a fault on a
three-phase system. Single phasing on a three-phase system occurs when one phase does not carry any cur-
rent and the other two phases do carry current. Both conditians expose other components of the distribu-
tion system 1o fature. The resulting Sngte phase service may endanger polyphase motors and other loads.
Fuses should be applied in combination with load-interrupter switches to trip all thhree phases.

Primary-side fuses are often used for protection against source-side and interal faults. They may not be effec-
tive for load-gide faults when fuses are apphed on the sxooe-side only. They are not effective in detecting

secondary-side arcing ground faults. Also primary-side fuses larger than 125% of transformer rated current
may not provide adequate overioad protection.

Fuse sdedban should be based on the following Bctors:

1. Ampere rating. The primary fuse should have an ampere rating that provides a continuous currant
capability greater than the maximum expected load. This requirement may reduce the degres of protection
provided by the rasvsfamer.

Table 3. Effects of Della-Wye Phase Shifts

Primery Line Primary Wirding Secordary Winding Secondery
Feun Type Qumrent Type Curent Type Currant Une Current
3-Phase 1.0 A 0.58 A 0.58 1.0
3-Phase 1.0 A 0.58 Y 10 1.0
A0.87 AB 058 AB -0.58 A 087
Line-Line B —0.87 A BC 029 A BC 0.29 B —0.87
co CA0.29 CA 029 co
A0 AB 05 A 087 A 087
Line-Line B -0.5 A BC G Y B -0.87 B -0.87
c-05 CA 0.5 co co
A 0SS AB 0 A10 A10
BO BC O BO BO
Line-Neutral C 058 a CA -058 Y co co
| N 1.0 N0

©200S Factory Mutual Insurance Company. Al rights reserved.
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2. Withstand frvush ourents. The actual ime-asvent profle for both transfarmer cald and hot load pickup
of the distnbubon system should be determmined. Cold load pickup is the comtzned magnetizing and load
infrush currents assocated with re-energizing a transformer after an extended outage. Hot load pickup is
the combined weggnetisng and bad awush anrerts assoGated with re-energizsvg a ransformes after a
maomerntary service ntemupbtan. The fuse charadtenistic must be grester than the sum of both transfumer

magnetizing and cold load mrush and transformer magnetizng and hot load infrush cuments of the distribution
system.

3. Interrupting ratmg. The fuses’ interrupting capability must be greater than the available system fault current
at the point of application.

4. Transfomer trough-fault withstand. The primary-side fuse total clearing time-astTent curve should coor-
dinate and be less than the transformer through-fault withstand capability curve. The lotal dearing time curve
of the primary-side fuse should cross the transformer through-fault capability curve at a low level of current.
The lower the wtersedion of the two aurves, the greater the degree of protection provided by the pimary-
side fuse.

5. Coordinate with other protective devices. The time-anrent characteristic of the transformer primary-side
fuse should coardinate with other overcurrent devices on both the primary and secondary side of the
tran<famer.

A power fuse is defined per ANSI/IEEE C37.100-1981 as: “A fuse consisting of an assembly of a fuse sup-
pott and a fuse unit or fuse holder which may not include the refill unit or fuse link.” There ara two basic
types of power fuses: 1) expulsion type and 2) aurent firviting type.

The expulsion-type fuse is a vented fuse that extinguishes the arc via the deionization action of the gases.
The gases are liberated from the lining of the interrupter chamber of the fuse. The gases are produced by
the arc heat when the fusible element melts.

Expulsiontype fuses have several benefits.
1. They can be sized to provide overiaad protection and acommadste expected load levels.

2. They can withstand the transformer current inrush due to magnetizing and load current even when fuse
is sized close to the transformer full load rating.

3. They are sergbve to both primary-side and secondary-side phase faults

4. They can coordinate with the transformer through-fault capability curve, thus providing protection against
damagvg gveranrents.

A current-limiting fuse is a fuse, that when melted by a current within its specfied current limiting range,
abruptly introduces a high arc voltage impedance to reduce the current magritude and duration. The current-
frmitireg fuse melts in less than one-half of a cyde and tharefore can interrupt the curent before it reaches
its maximum value.

The berefits of a anvent-limiting fuse are that it timits the available fault curent m its anrart kmiting range
and thesefare reduces thermmal and magnetic stresses on system components; and it can achieve very high

interrupting ratings. The major disadvantages are: 1) it generates transient overvoltages when it functions; and
a fuse with ampere ratings higher than transfomer fuil load ratings is required since the fusible element may

bresk due to thermal fatigue from wush cutrents and loadivg.

3.1.2.3.3 Overcurrent Relay Protection

Overasvent grotecon s used to prevent damage to transfurmess from overtaads and from through-faults.
Overarsvent relays are also normally used for protection of bansformers rated below 5 MVA for intemnal faults
and as backup protection to differential relays for larger transformers.

3.1.233.1 Tune phase ovevante relays, Device 51

Time phase overcurrent relays must be set so that they do not falsely operate on nommal overioad and trans-
former inrush current, but do protect the transformer for extemal faults. One way of meeting all these con-
skraints would be to use both primary and secondaryside ovaastant relays. Through-fault and badkup
protection would be provided by the transformer primary-side overcurent relay, device 51TF. The relay must
be set to coordinate with both upstream and downstream protective devices, the transformer inrush charac-
tenstic and the through-fault capability curves. Inrush aurent is typicafty 8 1o 12 tmes rated asrent for 0.1

€2005 Factory Mutual Insurance Company. All rights reserved.
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setxnds. Refer 1o Sedion 3.1.2.3.1, Coordination of Protecbve Devices, for a disnrssion on transformer
through-fault withstand capability and per unit fault magnitudes for vanious Fansfomer winding cormec-
tions. Since relays nommally trip all three phases of Grauit breakers, single phasing will not occur, as it can
with fuse protechon

Overload protection would be provided by the secondary-side overcurrent relay, device 51TL. The relay should
be coordinated with both the transfurmer shorttime overiaad capability and the transformer through-fault
capabifity curves. Overtuard protection is typically set at 115% of the maximum aceptable overtoad.

3.1.2.3.3.2 Instantaneous Phase Overcurrent Relays, Device 50TF

rstantanveous phase overasTent relays, device SOTF, provide ast bippivg for severe trarsfammer intemal
faulls. Extensive damage to the transformer could resutt if only tme phase overasrent relays are used for
intemal fault protection. The instantaneous relay is placed on the transformer primary side and set so that it
will Not respard o the maxkum asymimetnical fwough-fauit on the secandary side. The setimg must be
above the transformer awush antent to prevent misance tipping.

3.1.2.3.4 Oifferential Protection, Device 87T

Differential protection, device 87T, s typically used on transformess 10 MVA and above. The cumrent actuat-
ing the differential relay is the net difference between input and output anrents of the transformer properly
transformed to the relay via cument transformers. The anrent transformers may be located on the transform-
ers' primary and secondary bushewgs (e.g., bushing CTs) or they may be located remotely on crouit break-
ers to give a larger “zune of protecton™ The most comyman type of differential relay is the percentage
differential relay with harmonic restraint. This relay incorporates both percentage differential restraint and
harmonic restraint.

The paescentage differential restrant ensures acourate discrimination between atemal and exteital faults at
high fault arrerts. This prevents undesired trippirg of the relay due to mismatch of relay anrents, and/or
relay taps for transformer through-faults. Relay currents may be mismatched due to CT ratio imbalances, CT
saturation, CT vare length and ransformer ums ratio due to tap changer operation. The amount of restramt
is stated as percentage of the differential or net asrant to the relay. The relays are usually provided with sev-
eral percent slope taps (15-40%). Variable percentage slope can also be provided which provides high
sensilivity at low curment magnitudes with an increase in percentage ratio at higher currents.

The harmnarsc restraint feature enables the relay to distinguish between tansformer magnetizing inrush and
an intemal fault by the difference in waveforrn. As a mimimum, second harmonic curments that are always
present durmg ransformer magrretizivyg are used o restran the relay dunng energization of the transformes.

The CTs used for differential protection of wye-delta transformers must be connected in delta on the trans-
former wye winding, and wye on the delta windmg. This is done to compensate for the 30" phrase angle shift
intruduced by the wye-deita bank, and 1o efiminate zero sequance curants caused by exterral faults on the
wye side of the transfortrver from operating the relay.

Phase-to-ground faults on either the wye- or delta-connected windings for sofidly grounded systems will cause
two of the three phases of he dfferantial relays to operate. If either side of the transformer is connected
to a low resistance grounded system, then the differential relay operation will be marginal for ground faults
on the low resistance side, and altermative grourd fault protection should be used. If either side of the trans-
farmer is high ressstance or ungrownded, then the differential relay will not aperate for ground faults on that
sde of the transformer.

3.1.2.3.5 Ground Fauft Protection

Transformer groutd fault protecton can be provided by either differential relays or by ovearvent relays on
solidly grounded systamns. Dedicated ground fault protection sshemes should be provided for transfamers
on resistance and ungrounded systems.

The follower growsd fault protecion scdvemes can be used on either solidly grounded systesms or on low resis-
tance grounded transformers. Scheme selectian depends upon the required sensitivity, coordinafion and
physical restraints.
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3.1.235.1 AC Time Ground Overanvent Relays, Devices 51N & 51NY

An AC time ground overcurrent relay functions when the ground fault current exceaeds a predetermined value
for a given time. The current and operating time are inversely proportional. They should be used when time
coordination with other system ground fault protechon is required. If time coardmation is not required, then
an instantaneous ground overcuirent relay can be used. Ground fault relays can be set more sensitive than
phase fault relays since they do not see phase currents. The time ground overasrent relays can be located
either in the ransfumer neutral or residhally comerded in the CT seaondary (CT neutral) for the phase
overansrent relays.

Device 51N is located in the transformer wye winding neutral. Davice 51N can be set more sensitively than
rasiduafly armectad ground fault relays since they do not see load current unbalance and CT dissymme-
try unbalance. This device provides ground fault protection for wye windings and ground faults occurring
downstream of secondary wye windings (through faults) for the following systems:

1. Thres-phase, hree-wire systems with the transformer neutral grownded.

2. Three-phase, four-wire, single-point grounded systems with the ground fault relay CT located between
the neutral conductor and the system ground. (Note: Device 51N would have to be set greater than the load
asvrent unbatance if the CTs were located betweaen the neutral condudiar and the transfumer neutral.)

Device 51N may not be effective if the electrical system neutral is grounded at more than one point for the
following reasons:

1. The unbalanced load current may divide between the system neutral conductor and the ground conductor,
which will require device 51N to be set less sensitively.

2. Not al of the downstream graumd fault current will retum to the ransfurmer neutral, which will require a

Device 51NY is residually connected in the neutral of the phase CTs on the wye windirg side of the trans-
former. Device S5SINY must be set greater than the manmum load curvent unbalance and CT dissyrmmelry
unbalance. it provides ground Fault protection for primary wye windings, back fed secondary wye windings

and ground faults occurring downstream of secordary wye windings (through faults).

3.1.2.3.5.2 Instantaneous Ground Overastent Relays, Devices 50N & SONY

An instantaneous ground overcurrent relay functions instantansously when the ground fault current exceeds
a pradetermined value. If ime coordination for ground fautts is not required, then an instantaneous ground
overastesd relay can be used atone. If a high current pickup for severe ground faults is wantaed, then an instan-
taneous ground overcurrent relay can be used in conjunction with AC time ground overcurrent relays (51N,
51NY). The relay is located either in the transfarmer neutral or residuafly connected in the CT secondary.

Device SON s Yocatud in the transfarmer wye winding neutral. When used with device 51N, it is normally set
to pick up onty for severe ground faults. The pickup setfing must be grealer than downstream protective
devices to prevent nuisance tripping. When used alone and coordmation is not required, its pickup is set very
savstive. Other sensitvitres and Innitations for both high and low set device SONs are basically the same
as stated for device 51N (AC time ground overcustant relay).

Device 50NY is residually connected in the neutral of the phase CTs on the wye winding side of the trans-
former. When used with device S1NY it is normally set to pickup only for severe ground fautts. The pickup set-
ting must be graeater than downstream protective devicss 0 prevestt nuisance tripping. When used alone
and coordination is not required, its pickup is set very sensitively. Other sensitivities and limitations for both
high and low set device 50NYs are basically the same as stated for device 51NY.

3.1.23.53 Zero Sequence Overantertt Relays, Device 50G

Zero sequence instantaneous ground ovesarTent relays can also be used. This method uses a toroidal or

window CT. Either the transformer neutral conductor and/or the main conductors pass through the window CT.
The instantaneous relay must be matdhed to the wirrdow CT to obtain the required serrsftivity for a given apph-
cation. This scheme is only applicable to low voltage and medium voftage systems where all of the
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aonvductors can be fitted through the window CT. For Ywee-phase, four-wite systems, the three-phase ocon-
ducturs and the neutral conductor are passed through the window CT. Load unbalance will thherefore not pro-
duce any oufput current in the window CT secondary, and device 50G can be made very sensitive. Other
sensitivities and hmitations for device 50G are basiaally the same as stated for the AC e ground overaanment
relays.

3.1.2.3.5.4 Dedicated Ground Fault Protection for Transformer Grounded Wye Winding, Devices 67N & 87TN

Both drechoral grourd relays (67N) and ground differential retays (87TN) can detect ground faults in the
transfame wye-anneded windings. Both protection schemes can discriminale between transformer inter-
nal faults and faults extemnal to the transformer protected zone. Both schemes will operate for an intemal
ground fault m the wye windmg, Trespedive of the wye windurg adfacnt breaker pgosition. (Source must be
available from defta side when wye side breaker is open.) These schemes will operate properly for inter-
nal transformer ground faults when an external zero sequence current source exists (external system ground)
but will not operate for extemal ground faults.

3.1.2.3.5.5 Dedwated Grourd Fault Protection for Transformer Delta Wivdding, Oavices 50GD & 51ND

The transformer delta winding and the phase conductors between the CTs and the delta winding can be pro-
tected by a tme ground overasmestt relay, Device S1ND, when the system is either sokdly or low resis-
tance grounded (an external source of zero sequence current is available). The relay is residually connected
in the CT secondary. If the CTs are located on adjacent breakers, then the transformer delta winding, cable,
bus and assoxyated ashings are all provided with sensitive ground fault protection.

Zero sequence instantaneous ground overcurrent relays, Device 50GD, can also be used in similar applica-
tions. All threse of the transformer phase conductors are passed through the window CT. This scheme is basi-
cally the same as desobed for protection on the ransformer wye winding and has the same physical
limitations.

3.1.2356 Transtormer Gownd Fault Protetion for High Rasidance Grawsded Systermn, Device 59N

Time overvoltage relays, Device 59N, connected across the neutral resistance either direclly or on the
secondary of a neutral vottage transformer should be used.

3.1.235.7 Fre Detectiun Systerrs for Ground Faults m Network Vaults

The heat and smoke generated by an arang ground fault can be sensed by a fire detection system. This
is an acceptable altemative to secondary-side electncal protection. A heat detector should be located within
the nalwark protector for each ransformer, and a smoke or heat detection systermn shoutd be located in the
transformer room in accordance with the recommendations contained in 5-48, Automatic Fire Deteclion.
Actuation of one heat detector or two smoke detectors should be arranged to trip the appropmrate primary
and searuary breakers.

3.1.2.3.6 Network Protectors

The network protector is narmalty lange mauntted directly on the retwork transformeer low voltage terminals.
The netwark protectur contains the following components: low voltage ar dcrouit breaker (ACB), controls
for the ACB, and network relays. Network protectors trip for faults occurring on the primary side of the network

ranshmer arvdfor when a power reversal ocours with power flowing from the secondary side of the netwark
tranfumer 0 the primary side.

The watt-var network master relay has superior operating characteristics over the standard watt network
master relay. If a pdmary-side line-to-ground fault ocaurs and a single pamary fuse operates without tripping
the feeder breaker, the unfaulted phases may stil supply power 1o the netwark. Under these conditions the
net three-phase power flow in the network protector is not in the reverse direction and the standard watt mas-
ter relay will not operate. The reactive flow (vars) in the network protector will be in the reverse direction. The
watt-var moster relay property coomected to see this reverse reacive flow will operate for this condition.

3.2 Loss History

Nearty 50% of the dollar loss for ransformers reparted to FM Global occurs in the ulility industry. Another
10% ocass for transfuamess in the dvermical industry, 7% in pulp and paper and 6% at commeraal locations.

A study of modern fransformer breakdown records shows that between 40% and 60% of the transformer fail-
ures are traced to windngs. Statistics of FM Global Loss and Operational Analysis Depadment statistics

€©2005 Factory Mutual nsurance Company. ANl rights reserved.
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show that 60% of transtormer fallures mvotve the windings. [EEE statistics from IEEE Std. 493-1990, Design
of Relhable Industrial and Comymnercal Power Sysfems, report that 53% of the fallures mvolve windings. Doble
Engineering surveys reports that for the last five years, 44% of the failures invotve windings (Table 4).

Accarding to the Doble Enginverrinig's transformes winding location failure analysis sutvey, 36% of the faal-
ures ocasr m the high voltage winding and 41% ocaur in the low voltage winding (Table 5). Tum-to-tum faulls
represent 30% of the winding failures, phase-to-ground is 16%, and phase windingto-winding is 14% (Table
6). The cause of the fatures is not atways dearly dentifred because alt evidence is often efiminated by the

very nature of the breakdown.

Table 4. Transformer Falfure Analysis 1989-1993'

Components Total No. Total %
Bushihgs 84 6
Coll Blocking 102 7
Core & Clarmping Asseavldy 84 1]
De-Enargized Tap Changer Assembly 43 3
Insulating Liquid 82 6
Lead & Lead Suppont Struchare 70 S
Load Tap Changer Assembtly 237 17
Tank, Gasket, Cooling Equip. & Access. 55 4
Winding 658 47
Naot Wentthed 87 6
Total 1389
Table 5. Transformer Winding Location Faflure Analysis 1989-1993’

Location of Winding Falure Totat No. Tote! %
Cawnan (LV on Autotranvsfonmer) 20 3
Series (HV on Autotransformer) 20 3
High Volage 273 )
Low VoRage 314 41
Regulating or Tap 56 7
Tartary 39 §
Net tndvated a7 6

‘Transtormer Failure Analysis statistics fom Doble Engineering Company, Watertown, MA
Table 6. Transformer Wivding Insadstion Fedure Analysis 1989-1993"
Winding hrsutation Total No. Totd! %
Winding to Ground 189 16
Winding to Wavdvg 129 14
Phase to Phase 42 5
Tum-to-Tum 263 29
Wavding Oisturtion or Moveavent 103 1
Not identfiied 189 16

‘Transformer Failure Analysis statistics from Doble Engireerng Campary, Watertown, MA

4.0 REFERENCES

4.1 FM Global

Data Sheet 4-1N, Fred Water Spray Systemns for Fire Prafecfion.

Data Sheet 5-10, Protective Groundmg for Electric Power Systemns and Equipment.
Data Sheet 5-11, Lightneng and Sutge Protection for Blectrical Systemns.

Data Sheet 5-19, Switchgear and Cacuil Breakers.
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Data Sheet 5-20, Bedyical Testing.
Data Sheet 5-48, Automatic Fire Deltectfion.

4.2 Other

NFPA 70, National Electric Code (NEC), 1996

NFPA 850, Bectric Generahvg Plants, 1996

ANSINNEEE Std 979-1984

Cude of Federa)l Regudations: Part 76 1-Pulychlorinated Biphenlys (PCB8s)

ANSINEEE C37.100-1981

ANSVIEEE C57.109-1985

ANSIAEEE Std.493-1990, Design of Reliable Industrial and Commmercial Power Systems.
ANSVIEEE SWd. C57 91

ANSINEEE Std. C57.92

ASTM D448, Standard Classification for Sizes of Aggregate for Road and Bndge Construction.
European Standard EN 50195, Code of Practice for the Safe Use of Fully Endosed Askare!-Filed Electrical
Equipment.

APPENDIX A GLOSSARY OF TERMS

FM Approved: references to “FM Approved” in this data sheet means the product or service has satisfied
the criteria for Approval by FM Approvals. Refer to the Approval Gurde for a complete fisting of products and
servwoes that are FM FM Agproved.

Higher secondary vofteges: secandary voltages equal to or greater than 480 volts, including 480/277 volt
systems.

Lower secordary voffage: transformers with seapndary voltages below 480 volts.
Navigable waterwsay: Navigable waterway s defined by 40 CFR Part 112 as:

a) ARl walers that are carently used, were used in the past, or may be susceptible to use in interstate
or foreign commerce, including all waters subject to the ebb and flow of the tide.

b) AN mterstate waters, nduding interstate wellands, mudfats, and sandfiats.

c) All other waters such as intrastate lakes, rivers, streams (induding intermittent streams), wetlands,
mudfiats, sandfiats, sloughs, prairie potholes, wet meadows, playa lakes, or natural ponds, the use,
degradatian, or destrucBon of which could affed interstate or foreign commerce indudng any waters that
could be used for recreational purposes, or from which fish or shellfish could be taken and sold in interstate
or foreign commerce; or that are used or could be used for industrnial purposes by industries in inter-
state aormmeace.

Network transformer: these transformers are located in vaults n buitdings or adjacent to buildings. The vaults
contain two or more power transformers. These trarsformers are supplied from different transmission or
distribution fines and are paralieled on their low voltage side through arcuit intermgpting devices called “net-
work protectors™. Typically high voltage current intesrupting devices have not been used in the network vauit.
The low-voltage bus of a network vault may be electrically tied to a number of other vaulits to form a network
sarxyvdary distributon system, called a low-wvoltage network grid.

Primary winding: the winding into which energy normally flows. The primary winding can be energized from
the secaondary winding under abrormal conditions.

Radial transfovrrer: a ransformer that can only be energized from the primary winding.
Secondary winding: the winding from which energy flows during normal operation.

In or near commercal tuddngs: within the interior of, on the roof of, attached to tha extenior wall of, in the
parking area serving, or within 30 meters of a non-industrial non-substation buildng. Commercial buildings are
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typicalty accessible to both mambers of the general public and employees, and exduda: 1) Public assem-
bly praperties, 2) educatonal properties, 3) inslitutional propertes, 4) residential properties, 5) stores, 6) office
buildings, and 7) transportation centers (e.g., airport termmal buildings, subway stations, bus stations, or
ram statians).

APPENDIX B DOCUMENT REVISION HISTORY

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

1. Section 2.2 Indoor Transformers, recommendations 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 mist system FM Approved for machinery
spaces is recommended. Also, where automatic sprinkler protection is used, the density has been increased
to 0.3 gpm/ft? (15 mm/min) from 0.2 gpm/ft? (10 mm/min).

2. Section 2.3 Outdoor Transfommer, recommendation 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/fZ (15 mm/min) from
0.15 gpm/ft2 (6 mm/min). Where a flame arrestor is used lo increase the amount of time before burning il
enters the pit Size No 5 rather than Size No 2 ASTM D448 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 at the FM Global Research Campus.

3. Section 3.1.1, Approved and Equivalent Transformer. A transformer equivalent to an FM Approved trans-
former is delined as a transformer with a UL listing per NEC Section 450-23 with electrical protection to clear
sustained low current 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 for an FM Approved lrans-
former. Low current fault protection is the remaining safeguard.

May 2003. The following changes were done for this revision:

1. Tables 2a and 2b Separation Distances. The change aflows medium sized ransfamers containing FM
Approved less Rammable fluids to be located as dose to buildings and to other ransfonmers as smal
{ransformers were in the previous standard. This provided there is adequoate space for inspection and
maintenance. Medum sized ransformers may contain up to 10,000 gal (37.9 m?) of fud.

2. Section 2.3.1.2 Containment. The change increases the quantity of FM Approved less Rammable fluid
in a transformer before a contaimment system is recommended. 1t increases the size of the transformer to
1320 gal (5 m’) for transfamers containing all FM Approved less lammable fluids. It further increases the size
10 2640 g4l (10 mY) if the Puid is cerfified as biodegradable and if a release does not expose navigable water-
ways. A definition is included for navigable waterways. The fluid would have to ba certified as biodegrad-
able by the resprrsstle goverTaental authomty.

3. Minor editorial changes were made to Section 2.3.1.2.1.4.

January 2001. The reasTwrendation for the smoke detection for elechnical rooms was revised (o provide
consistency within Ssefies data sheets.

September 2000. This revision of the document was recrganized to provide a consistent format.

The fullowirg major changes have been made:
a) Addition of emergency power supply recommendation for mechanical ventilation (Section 2.2.1.1.3).
b) Charge raquivena for smoke detechon to fire detection (Secton 2.2 1.1.4).

¢) Add recommendation for location of rooms containing network transformers to outside wall where
possible (Section 2.2.1.2).

d) Addition of fire protection recommendations for multiple indoor oit insulated transformers (Secton
22.1.32).

e) Open pits without protectian acceptable contairenent for Fid Appgroved less flammable fluid insulated
ransfarrer (Secton 2.3.1.2.1.2 and 2.3.1.3.1).

December 1998. Editorial changes wesre made.

©2005 Factory Mutual Insurance Company. All rights reserved.
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APPENDIX C SUPPLEMENTARY INFORMATION

C.1 Other Standards
There are three standards that cover transformers as follows:

C.1.1 NFPA 70, National Electric Code

Fire protecton for transformess is covered under Artide 450 of the Nationa! Efectnc Code (NEC). This includes
dry-type, less-lammable fliquid-insulated, and o-insulated transformers installed both indoors and outdoors.

The maijor difference between this data sheet and the NEC is the treatment of PCB-filled or PCB-
contaminated transformers. Tihis data sheet recommends that these transformers be replaced if the loss expo-
sure wamants. NEC and OSHA regulations allow the use of existing PCB-filled or PCB-contaminated trans-
formers provided they have been equipped with enhanced eleclrical protection.

C.1.1.1 Indoor Transformers
Ory-Type transformers
(450-21b) Over 112.5 kVA. Install in room of fire resistive construction.

Exception 1. Transformers with 175°F (80°C) rise and higher separated from combustible material by a fire
resistant heat-insulating barrier or by a minimum distance of 6 ft (1.8 m) honzontally and 12 ft (3 m) vertically.

Breeption 2. Transformrers with a 175°F (80°C) rise or higher rating and completely endosed except for
ventilation openings.

Over 35,000 voits. Install in vault (3 hour fire resistance rating for walls and roof).
(450-23) Less ARammable Liquid Insulated Transformers

Up to 35,000 volts. Can mstall in Type | and 1 buildings provided: a) no combustble storage; b) a liquid
contairanent area is provided; and c) fire point of the liquid exceeds 570°F (300°C).

Over 35,000 volts. Install within a vautt.

Use of these transfarmass is altowed when they are attadred to, adjacent 1o, or on the roof of Type | or Il busld-
ings. They may be used in other types of buildings provided fire bamiers, space separafion and require-
ments for the listing of the liquid are followed.

Type | buidvg struchura components are nonaormhasstible or firnited combustible and, except for extenor
nonload bearing walls, they have a fire resistance rating. Type I building structwal components are
noncombustible or of limited combustible construction and may not have a fire resistance rating.

(450-24) Nonftemmable Liquid Insulated Transformers

Up to 35,000 volts. Shall be provided with a liquid confmement area and a pressure relief vent.
Over 35,000 volts. Shall be mstalled in a vault.

(450-25) Askarel Insulated Transformers

Over 35,000 voits. Shall be instailed in a vaull. Also see OSHA regulations.

Oit Insulated Transformers

(450-26) Wdoors. Shall be instalted in a vauit. The following exceptions apply:

1. If total capacity does not exceed 112.5 kVA, the vault can be constructed of 4-in. (102 mm) thick reinforced
concrete.

2. If voltage does not exceed 600 and total ransformer capaaty does not exceed 10 kVA, the transformer
may be installed in a combustible building; or if ransfamer capacity does exceed 75 kVA, the trans-
former may be installed in a building of fire resistant construction.

3. Otinsulated Iminsfoemers can be used n a detached building if the buillding does not present a fire

exposwre o other buildings or property and if it is used only for eledric sesvice and is accessible only to
qualified persons.
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C.1.12 Outdoor Transfamers

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 bamiers, auto-
matic water spray and encksures to confine off from a ruptured transformer.

C.1.2 NFPA 850

NFPA 850, Fre Prutedrn for Fossi Fueled Steam Electric Generalting Planis, contains recommended
pradiices for both mdoor and outdoor ransfummers.

There is no conflict with NFPA 850.

Tiws data sheet gives separate distances between transformer and buildings based on the quantity of fuid
mn the brrsfarmer and the type of construction of the building. NFPA 850 assumes that the building construc-
tion will be noncombustible (typically insulated metal on steel frame) and gives spacing based on the volume
of furd in the transformer. The separation distances given in this data sheet are the same as those given
in NFPA 850 for this type of construction.

This data sheet allows separation, bamiers or water spray protection to be used to protect transformers. NFPA
850 recommends that oil-filled main, station service and startup transformers be protected by water spray
or foam waler systems.

C.1.2.1 Indoor Transformers

Where oit-filled ransfamears of greater than 100 ga! (380 dm”) oil capadity are instafied, they should be
separated from adjacent areas by fire barmiers of 3 hr fire resistance rating. Where an gutarmatic fire suppres-
sion system is provided, the fire barmier rating may be reduced to one hour.

C.1.2.2 OGutdoor Trarstomars

Where transformers are in excess of 500 gal (1.9 m?) oil capacity, a 2-hr-rated fire barrier or space separa-
tion is needed to protect adjacent structures including other transformers. The space separation is depen-
dent on the quantity of ol n the transformer. Twenty-five feet (7.6 m) s needed for 500 1o 5,000 gat (19 to
19 m>); 50 ft (15.2 m) is needed where quanlities are in excess of 5,000 gal (19 m>). Where a fire wall is
not provided, the edge of the oil spill (dike) must be a minimum of 5 ft (1.5 m) from the exposed structure.

In addiion, oil-filed main, station service, and startup ransfomeas showld be protected by water spray or
foam-water systems.

C.1.3 KEEE Std 979-1984
Fire protection guidance for indoor and outdoor substations is covered in the ANSITEEE Std 979-1984.

There is a differenca with regard to separation distances. This data sheet recomanernds a 25 ft (7.6 m) sepa-
ration between mineral oll nsulated transformers containing from 500 to 5,000 gal (1.9 to 19 m>) and 50
(15.2 m) separation between transformers continuing in excess of 5,000 gal (19 m?) of mineral oil. Water spray
or a 2-bour rated fire bamer are given as atematives.

1EEE 979 reconrrends 30-t separation between transforrmers with more than a 333-kVA rating (approxi-
mately 100-150 gal [0.38-0.57 m?]). An automatic extinguishing system or a 1-hour fire barrier are given as
ahematives.

C.1.3.1 Indoor Transformers

The use of oil-filled equipment mside a building is discouraged. If ol-filed transformer s are used, a transformer
room or vault with a fire rating sufficent to withstand the largest cedible fire is recormmearnded. Installation
of fixed fire extinguishing systems and containment is also recommended.

C.1.3.2 Outdoor Transforrmers

Spacing of transformers from buildings depends on the quantity of oil contained within the transformer. Trans-
formers containing 2000 gal (7.6 m®) or more of oil should be a minimum of 20 ft (6.1 m) from an exposed
building regardiass of protechion provided. It is reaytynended that a mimmum separation distance of 50 ft

(15.2 m) from buildings be used unless the building has walls equivalent fo or are protected by a 2-hour fire



Valid Through May 2005

5-4 Transformers
Page 34 FM Global Property Loss Prevention Data Sheets

bamer. The separation distance for transformvers containing smafler amounts of ol ranges from 10 it (3 m)
for 75 kVA or less, to 20 ft (6.1 m) for transformers from 76 to 333 kVA, and 30 ft (9.1 m) for more than 333 kVA.
Oil containment systems are also recommended in the form of yardstone, diked areas and pits.

A separation distance between large transfomers of 30 ft (9.1 m) of dear space or a one hour fire barmier
is recormmended.

Also automatic extinguishing systems should be considered for all liquid-cooled transformers except those
that are adequatety separated or that contain less than 500 gal (1.9 m”) of combustible transformaer fiquid.

C.1.4 Code of Federal Regulations: Part 76 T—FPolychforinated Biphenyils (PC8s)

The followmg reguiations and list of definitions are excerpts from the Code of Federal Reguistions: Part
761 —Fypohbringted Biphenyls (PCBs) Manufacturing, Processng, Distrisutran in Commerce, and Use
Prohibition. Subpart B—Manufacturing, Processing, Distribution In Commerce, and Use of PCBs and PCB
tems. § 761.30 Aufthonzations.

“Use in and serviadng of transformers (other than railroad ransfamers). PCBs at any concentration may
be used in transformers and may be used for purposes of sarvicing including rebuilding these transformers
for \he remamder of their useful lives, subject o the folowing canditions:

1. Use conditions.

a) The use and storage for re-use of PCB ranstamers that pose an expasure tisk 1o food or feed is
protwbited.

b) The use of network PCB transformers in or near commercial buildings is prohibited except for:

i) Al network PCB bansfurmers with secondary voitages below 480 volts in or near coqiamercial build-
ings not located in sidewalk vaults that have not been removed from service must be equipped with
electrical protection to avoid transfurmer ruptures caused by high current faults, or must be removed
from serveae.

it) Current-imiting fuses or other equivalent technology must be used to detect sustained high' current
faults and provide for the complete de-enengzation of the transformer within tenths of a second before
transformer rupture ocours. The installation, setting, and mamtenance of arvert-Emiting fuses or other

equivalent tecddwology o avoid PCB transformer ruptures from sustained high current faults must be
completed in accordance with good engineering practices.

) The mstallabon of PCB transfurmers, which have been placed into storage for re-use or which have
been renoved from another location, n or near commerdal buddings is prohitsted.

d) Al radial PCB transformers with secondary voltages below 480 volts in use in or near commercial
bulldings must be equipped with electrical protecton to avord transformer ruptures caused by high curent
faulls.

i) Curent-imiting fuses or other equivalent tecdwiclugy must be used to deted sustained high curent
faults and provide for the complete de-energization of the transformer or complete de-energization

of the faulted phase of the transformer within several hundredths of a second. The installation, set-
ting, and maintenance of curmant-limiting fuses or other equivalent technology to avoid PCB trans-
former ruptures from suslamned high curent faults must be completed in acordance with good
engineering practices.

e) Al radiad PCB kransfarmers with secondary voltages equsl 0 or greater than 480 volts, induding
4807277 voit systeqrts in use in or near commeraal buildings that have not been removed from senvice
must be equipped with electrical protection to avoid transformer ruptures caused by:

i) Hgh curent faults.

Current-limiting fuses or other equivalent technology must be used to detect sustained high current
faults and provide for the complete de-enerigzation of the transformer within several hundredths of a
second befare tank rupture ooars. The installation, settryg, and maiterance of anrent-imiting fuses
or other equivalent technology to avoid PCB transformer ruptures from sustained high current faults
must be completed in accordance with good engirreering practices.
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) Sustamed low current faults. Be equipped with protection to avoid transformer ruptures caused by
sustained low cument faulis

ili) Pressure and temperature sensors (or other equivalent technology which has been demonstrated
to be effective in early detection of sustained low current faults) must be used.

v) Dooomeat egquipmeant must be provided to insure anmplete de-energization of the transformer in
the event of a sensed abnormal condition caused by a sustained low current fault. The disconnect equip-
ment must be arfrgured to operate avtomatically within 30 seconds to one minute of the recet of
a signad indicating an abnama condition. The discormedt equipmant can also be configured to 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. tf automatic aperation is selected and a drouit breaker is
ultized for disconnecthon, it must atso have the capability to be manually apened if necessary.

v) The enhanced elecirical protective system required for the detection of sustained low current faults
and the de-energization of transformers must be properly installed, maintained, and set sensitive
enough to detedt sustained low current faults and allow for rapid de-anergization prior to PCB trans-
former rupture (either violent or non-violent rupture) and release of PCBs.”

C.2 Trade Names for Askarels
Trade Namaes for Insulating Liquids having PCBs as a major constituent.
The kflowinyg is a list of some typiaal rade names for insulating kquids having PCBs as a major constituent.

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 Commettee CENELEC TC 14, Power transfomers, and was approved by CENELEC as EN 50195 on
1996-07-02.

The generic term “askarels™ is used in thws Standard for ransformess and capacitors insulating/cooting liquids
having PCBs as a m&or constituent.

CENELEC is the European Committee for electrotechnical Standardization. CENELEC members are bound
to comply with the CEN/CENELEC Intemal Regulations which stipulate the conditions for giving the Euro-

pean Stamdards the status of a nationsl standard without any alteration. National and Local Authority (if any)
take prionty.

CENELEC nmeyrbars are the natonal elechotecdhmwcal comumittees of Austria, Belgium, Denmark, Finland,
France, Greeca, lcsland, keland, ltaly, Luxembourg, Nethedands, Norway, Portugal, Spain, Sweden,
Switzerland and United Kingdom.
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Tadie 7. Some Typia! Trade Names for Askarels
Troade Name Manufacheer Courry of Ovigin
Asbestol American Corporation USA
Acedur ACEC Belgium
ApiroSo Caffaro taty
Arocior Monsanto USA
Bakuta 131 Marsanto USA
Clorinal Sprague Eledtric USA
Clophen Bayer Germany
Dador Sangano Eledtric USA
Oycana Comel Dudbite USA
Elemex McGraw Edison USA
Eucarel Electrical UtiWies USA
Hyvol Aerovox USA
Inarteen Westinghouse USA
KanechNor Kanegatucti Japan
No-Remal Wagner Eledric USA
Pyralene Prodelec France
Pyranol Ganeral Electric usa
Pyvroctor Morsanto Great Britain
Saf-T-Kuhi Kuhimann Electric USA
Soviol/Sovol/Sotvol Soviol/Sovol Soviet Union
Ugiect
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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 synthesis
plants 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 to produce hydrogen in other industries includ-
ing the food industry for hydrogenation, 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 set 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 consistent format.

2.0 LOSS PREVENTION RECOMMENDATIONS

2.1 Equipment and Processes

2.1.1 Provide reformer furnaces with combustion controls and safeguards in conformity with Data Sheet 6-10,
Process Fumaces.

2.1.2 Provide low water alarm for cooling water jackets of transfer header and secondary reformer, and
provide means for testing same.

2.1.3 Provide sufficient inspection ports in furnace walls to permit observation of all reformer tubes.
2.1.4 Consider installation of creep monitoring 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 squipment in the
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 order to generate steam required to cool
the 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, determmine 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 reformer fumace through 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 temperatures each shift using reliable pyrometric 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 indicative 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 condensate formation in the reformer during shut-
downs. It should be noted that the effect of a relatively small sulfur concentration in the feedstock is to
dramatically increase tube wall temperature.

©1999 Factory Mutual tnsurance Company. All righls reserved.
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Wire Type

Heode-r Pipe
Band (SS 317)

Welded To Heoder
Bund Type

Rg. 1. Creep moniloring devires.

2.2.1.9 To provide protection during shutdown in extremely code weather:
a) Purge steam and water from reformer tubes with inert gas such as nitrogen or CO.,.

b) Drain all water jackets.

c) Provide double block and bleed drains at any point where steam or water could be admitted to the
unit.

d) Keep reformer tubes warm by means of a few burners or lazy flame.

2.2.1.10 Maintain optimum adjustment of firing to provide uniformity from row to row of tubing and the best fea-
sible heat flux profile from top to bottom of the tubes.

2.2.1.11 Avoid sudden pressurizing and depressurizing of reformear tubes.

2.2.1.12 Observe precautions to prevent overheating of activated carbon used to desulfurize natural gas.
Ignition temperature can be as low as 430°F (220°C).

©1999 Factory Mutual Insurance Company. All rights reserved.
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2.2.1.13 Emergency shutdown procedures should be written, posted, and explained to operating person-

nel. Periodic emergency shutdown procedures should be put into practice by holding simulated emergency
drills.

222 Mantenance

2.2.2.1 To prevent development 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 minimum delay.

2.2.2.3 Make internal inspection of secondary reformer at each catalyst change. Examine refractory closely
for cracks or other deterioration. Make necessary repairs or replacements if deterioration is severe.

2.2.2.4 Conduct comprehensive inspection of all reformer tubes on at least an annual basis. Inspection should
include complete scanning of all tubes for creep and magnetic permeability (if applicable) with continuous
recording of readings for future reference in establishing life expectancy.

2.2.2.5 Scanning for mid-wall discontinuities by either the high frequency eddy current or ultrasonic “through-
transmission” technique is also recommended annually.

2.2.2.6 Schedule maintenance and inspections to minimize the need for shutdowns during cold weather.

2.2.2.7 Maintain support systems and other devices provided to accommodate thermal expansion of tubes,
headers, risers, and collection manifolds in good calibration and condition.

2.2.2.8 Keep temperature measuring instruments in a good state of repair and calibration. Give all opera-
tors the same instructions to minimize differences in readings from operator interpretation.

2.2.2.9 Follow catalyst suppliers’ detailed instructions for loading, start-up, operation, shutdown, and removal
of catalyst.

2.2.2.10 In addition to normal visual and pyrometer checks by shift operators, conduct weekly optical
pyrometer surveys of pigtails, tube supports, headers, manifolds, transfer lines, and secondary reformer
shells.

2.2.2.11 Check for free movement of all parts, e.g., tube 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 recent ten year period, 57 reformer losses were reported at FM Global insured properties. Forty-
seven of these occurred in ammonia synthesis plants. The balance involved reformers producing hydrogen
for the following processes:

B No. of Losses
Hydrogenation in the food industry 4
Mathanol produciion 3
Potyols production 1
Fusfural atcohol productun 1
Buk sales of hydrogen 10

©1999 Factory Mutual Insurance Company. All rights reserved.
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The 57 reported losses resulted from failure of the following parts:

Prnaty Refarmrers No. of Losses

Catalyst tudbes (single and multiple) 13
Collection handers 13
Steam preheater tubes 7
Outiet pigtalls (5]
Transfer lines 5
Riser tube 1
Ak prehester tube 1
Gas feeder line 1
Catalyst 1
Fumace reftactary 1 =

49

6

1

1

8

3.2 Inspection of Reformer Tubes

Although there is no single “best” method available for inspection of reformer tubes, several methods are use-
ful in the detection of “bad tubes” that should be replaced. None of these methods, however, provide a guar-
antee that any given tube will not fail before the next turnaround.

Tube inspectlion, as defined here, is intended to identify tubing which should be retired 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 possibility of additional mechanical
damage to the 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-
aus types of non-destructive examination are given in Data Sheat 17-1, Nondestructive Examination.

3.2.1 Measurement of Metal Creep

Measurement of localized suspicious areas can be readily spot checked by girdling the tube with a very flexible
tape or strip of paper about 2in. (12.7 mm) wide and long enough to go around the 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 detected. '

A comprehensive examination can be done with minimum downtime using an electronic tube caliper which
fits around the tube and can scan full tube length. It is propelled by a winch and cable attached to an alu-
minum mast. Reformer tubes can be scannead at the rate of about ten par hour. No scaffolding is required and
the catalyst can remain in place. Tube dimensions are indicated on a recorder output which also provides
a permanent record of the tube scan. Accuracy is reported to be £ 0.005 in. (0.127 mm).

3.2.2 Measurement of Magnetic Permeabilty

Localized 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 comprehensive scans of reformer tubes for magnetic permeability employ-

ing a low frequency eddy current method. The equipment is designed to rapidly scan entire tube lengths
using a pulley system operated from the furnace floor.

®1999 Factory Mutual Insurance Company. All rights reserved.
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3.2.3 Eddy Current Flow Detection

This technique uses a higher frequency than is employed for measurement of magnetic permeability and
permits direct detection of internal (mid-wall) discontinuities such as fissures. However, the non-homogenous
character of grain structure in cast 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 Utrasonic Flaw Detection

A method of ultrasonic inspection 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 Radrographic Flaw Detectron

Radiography permits location of cracks or fissures in the tube wall; however, since radiography has a finite
sensitivity the cracks must be sufficiently large in order to be detectable. Sensitivity may be reduced when
the catalyst is in place. Also, nonradial crack orientation, characteristic in centrifugally cast HK-40 tubing mate-
rial, creates detection problems. Radiography, though not practical for general tube scanning, has proved
valuable as a means of confirming localized indications provided by other scanning methods.

3.2.6 Television Flaw Detection

Scanning of inside tube surfaces by closed circuit TV is practlical and has application in certain cases. It is
not, however, considered a generally applicable method for regular turnaround inspection 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 indication of mid-wall conditions.

Standard dye penetrant 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 6-10, Process Fumaces.

Data Sheet 7-34/12-22, Asumonia Synthesis Units.
Data Sheet 12-14, Waste Heat Boilers.

Data Sheet 12-17, Watertisbe Bolers.

Data Sheet 17-1, Nondestructive Examination.

4.2 Other

ASME Boiler and Pressure Vessel Code, Section li, Materials.

ASME Boiler and Pressure Vessel Code, Section Vi, Rules for Construction cf Pressure Vesse}s.J
APPENDIX A GLOSSARY OF TERMS

Reforming: the thermmal or catalytic conversion of petroleum compounds into more volatile products. The
conversion may include cracking, polymerization, dehydrogenation, and isomerization.

APPENDIX B DOCUMENT REVISION HISTORY
This data sheet was originally published in October 1981.
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APPENDIX C DESCRIPTIVE INFORMATION

C.1 General

The necessity for increased agricultural production per acre, and the 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 metallurgical know-how. The rapid growth in demand for ammonia has left little time to
adequately test many of the materials being used in the 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 liberate free hydrogen from the feed stock.

In areas of the world where natural gas is in short supply the use of naptha, a petroleum refinery by-product,
is coming into prominence as feed stock and reformer furmace fuel. Data on special problems with the use
of naphtha will be published as accumulated.

Other hydrocarbon feed stocks less frequently used in the 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 naturally in signiﬁcént quan-
tities on this planet and hence must be synthesized. In a typical ammonia synthesis plant the sources of ele-
ments comprising the ammonia molecule are respectively:

1. Hydrogen from water (H_,0) and naturally occurring methane (CH,) gas.
2. Nitrogen from the atmosphere.

In the 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 the hydrogen as follows:

CH, + H,0 -» CO + 3H,

The mixture of steam and desulfurized natural gas is compressed to approximately 500 psi (3447 kPa) and
preheated to about 900°F (482°C). Partial reforming is accomplished as this mixture passes through the cata-
lyst filled primary reformer tubes. The reforming process is endothermic. Heat is supplied by the burning

of natural gas or oil in a refractory-lined fumace surrounding the reformer tubes. Temperatures in the reformer
tubes may range as high as 1800°F (982°C).

The effluent gas leaving the primary reformer tubes is composed of varying percentages of unreformed meth-
ane (CH,), hydrogen (H,), carbon monoxide (CO), and carbon dioxide (CO,). About 70% of the natural gas
feed stock is converted to raw synthesis gas which enters the collection (outlet) headers at temperatures
generally in excess of 1400°F (760°C). Risers from the collection headers connectinto an insulated and usu-
ally water-cooled transfer line through which the gas mixture passes to the secondary reformer. In the
refractory-lined combustion chamber of the secondary reformer, preheated compressed air (the source of
nitrogen) is introduced. The mixture then passes through a series of nickel catalyst 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 effluent from the primary reformer.

The reformed gas leaving the catalyst beds enters a quench section where water sprays reduce the gas tem-
perature to about 500°F (260°C) and produce steam needed in the carbon monoxide (CO) shift converter.
The reformed gas next enters the CO shift converter where it passes through an iron oxide catalyst bed. Reac-
tion with steam converts the carbon monoxide in the gas stream to carbon dioxide and simultaneously pro-
duces more hydrogen. From the CO shift converter the gas mixture continues through the synthesis train
to the eventual production of the ammonia product (see Data Sheet 7-34/12-22, Ammonia Synithasis Units).

C.3 Description of Primary Reformer r

In older ammonia plants the primary reformer served several purposes. In addition to reforming the gas/
steam mixture it was the heat source for preheating process air, process gas, and feedwater for the waste
heat boiler, as well as superheating process steam.
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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 forced draft (FD) and induced draft (D) fans and combustion air preheater (see Figure
3).

The convection section of the auxiliary boiler is the source of heat for superheating the high pressure steam
and preheating process air to the secondary reformer, feedwater to the auxiliary and waste heat 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. It 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-
vent 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.D., are inserted into the “‘scabbard” tubes, approximately 2 in. (50 mm) O.D. The “bayonet” tubes
supply the feedwater to the “scabbard tubes". The tube bundle also contains gas baffles to direct the flow
of process gases over the surface of “scabbard” tubes. The entire tube bundle assembly is inserted into the
gas space enclosed by the shroud.

©1999 Factory Mutual Insurance Company All rights reserved.
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Fig. 3. Reformer & auxifiary boiter schemabic.

For further srformaton about waste heat bollers, refer to Data Sheet 12-14, Waste Heat Badars, and about
walertube bolers, to Data Sheet 12-17, Watertube Boders.

The primary reformer consists of banks (sometimes referred to as “harps”) of vertical tubes located in a
refractory-lined furnace which is fired by natural gas. The shape of the furmace, the arrangement of the tube
banks, and the positioning of the bumers varies with the design. Figure 4 shows typical designs.

The reformer (or catalyst) tubes normmally range from 2.5 in. (63.5 mm) to 5 in. (127 mm) inside diameter
with wall thicknesses up to 1 in. (25.4 mm). Tube lengths range from 30 to 40 ft (9.1 to 12.2 m) or more and
usually consist of 8 to 10 ft (2.4 to 3 m) sections welded together. The top ends are provided with either
bolted or welded covers for loading the catalyst. The gas/steam mixture is introduced through flexible con-
nectors near the top. In some designs the bottom ends of the tubes connect directly into the outlet mani-
folds (Fig. 5). Other designs provide outiet loops or pigtails to pemmit expansion and contraction of the tubes.
Because of the considerable length of the reformer tubes and extreme variations from cold to operating tem-
peratures, the design of suspension systems must fake expansion into consideration. The methods 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 Reformer Materials

In most present installations, reformer tubes are of centrifugally cast HK-40 stainless steel. This is a high
nickel/chromium alloy intended for 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 Incoloy 800 (intemational Nickel Co.) and Supertherm (Abex Corp.). For reformer tubes,
however, HK-40 stainless remains the workhorse of the industry. The chemical and physical properties of sev-
eral reformer materials are shown in Table 1.

©1999 Factory Mutuat Insurance Company. All rights reserved.
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Fig. 3a. Verfical U-tube ayonet™type watertube boiter.

C.5 Characteristics of Reformer Tube Materials in High Temperature Service

HK-40. Reformer 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 the material, rendering it brittle. It is evidenced by the slow forma-
tion of carbides, ferrite, and sigma (a very hard and brittle phase which occurs at the grain boundaries in steel
alloys subjected to elevated temperatures for long periods) accompanied by loss of ductibility and creep

of the material. The rate of formation varies with time and temperature. The critical temperature range appears
to be between 1400°F (760°C) and 1600°F (871°C) but formation has taken place at lower and higher tem-
peratures. Some 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 1850°F (1066°C) for a few min-
utes to dissolve the carbides and sigma; thus restoring the room temperature ductility.

The normal 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 the 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 rupture type of failure at a thinned area caused by localized internal cor-
rosion. It is believed to be caused by an abnormality at the time of manufacture.

2. Weld cracking. This cracking occurs in or adjacent to circumferential welds in the tubes, usually in the hot-
test part of the fumace. They are generally considered to be caused by thermal stresses. It has been
observed that such cracks often exist for years without completely penetrating the tube wall, which sug-
gests that they are self-relieving.

©1999 Factory Mulual insurance Company. All rights reserved.
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Incoloy 800. Operating experience indicates that Incoloy 800 is better suited for reformers than HK-40; how-
ever, the usual choice of HK-40 over Incoloy is one of economics in initial cost. While some Incoloy 800
tubes have been in operation for over ten years, failures have been experienced in this material after less
than two years of service. The type of deterioration to which this material is subject differs from that occur-
ring in HK-40 in that it starts on the hot surface and progresses into the material. The defective areas are gen-
erally rather small, covering 4 to 8 in.2 (26 to 52 cm?) and are difficult 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 varies with time, temperatures, and pressures to which the material has been subjected.

Metallographic examination of specimens removed from areas found to be magnetic, usually reveals a con-
dition similar to oxidation. The surface appearance is practically unchanged and there is no noticeable reduc-
tion in thickness. The strength of the material, however, is seriously reduced. The microstructure at the
interface between the magnetic material and the unaffected base metal will show an intercrystalline attack
affecting the sound meta) at the 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.

Tabdle 1. Praperbes of Reformey Materists

Psraioy CR 32

Incoloy 800 (1) H-30 (2) HK<40 (2) Super-Therm (3) W (4)
Carban 0.10 max. 025035 0.35-0.45 0.5 max. 0.10 max.
Manganese (max.) 1.5 1.50 150 0.7 1.0
Sutfur (max.) 0.03 0.04 0.04 0.03
Slicon (wax.) 1.00 175 275 16 08
Copper {max.) 0.75
Nickel 30-35 19-22 19-22 35 32
Chvomamn 19-23 23-27 23-27 26 20
Phwrspharous 0.40 040 0.03
Cobalt 15
Tungsten 5
Niobium 1.3
Tenslle strength (min) pst 75-100.00Q 65,000 62 500 76.000
Yiel point (min) psi 25-50,000 35,000 35,000 30,000
Elongation (min) in 2 in. 50-30 10 10 32

(1) \ntemationa) Nicke! Co. (Annealed)
(2) ASME Code, Secl. Ii A, SA 351
(3) ABEX Corp.

(4) APV Paramount Ltd. (Used primarily for Outlet Manifolds)

C.6 Description of Secondary Reformer

Figure 9 shows the general arrangement of a conventional secondary reformer. These vessels are usually
built of carbon steel and in accordance with the ASME Construction Code, Section VIII. A castable refrac-
tory lining about 10 in. (254 mm) thick protects the sheli (pressure boundary) from the internal tempera-

ture which may be in excess of 1600°F (870°C). 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.

©1999 Factory Mutual Insurance Company. All rights reserved.
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1.0 SCOPE

This data sheet addresses fire protection for combustion turbine installations. It contains recommendations
to prevent and limit damage from fires and explosions intemal and extemal to the turbine. Loss expenence
is summarized for beth types of ncidents. Additional informmation on protective equipment, monitoring,
maintanance and testing of turbine safaty equipment can be found in Dnta Sheet 13-17, Gas Turbines.

1.1 Changes

Seplember 20072 New recommendation 2.2 1.3 has heen included for combustible gas analyzers inleriocked
lor shat down the horbine for enclosed gas-fired tirhine s, The rocommencation for unenclosed combuostion
turbines had been changad lo include qas lurbines only.

2.0 LOSS PREVENTION RECOMMENDATIONS

Thas section provides generadl reconntmendations applying to all gas turbine instaflations and spedcific
recommendations applying to endosed instaflations, including skid-mounted package mstllations and
installations in buildings withou! individual enclosures.

2.1 Construction and Location
2.1.1. Construct buildings of noncombustible or fire-resistant materials.

2.1.2 Provide hwo-hour rAated fire proofing for structural steel used to support lurbine, compressor, combustor
and generator.

2.1.3 Provide drains, curbs or ramps for the gas turbine installation (induding fuel and lube oil skids) to

contaan leaks. See Data Sheel 7-83, Drainage Syslems for Alammable Liquids. The drainage systemn should
be sized for the following:

a) Contents of the lube oil tank.

b) The maximum design discharge of the fixed fire suppression system for 10 minutes.

c) Hose stream demand for 10 minutes.
2.2 Protection

2.2.7 Endiosed Instafiafions

Enclosed installations may be protected by total flooding fire protection syslems. The use of FM Approved
(see Appendix A for dafinition) fire resistant lubricants is an acceplable altemative.

2.2.1.1 Instafl Approved heat deleclors at ceiling level of the gas lurbine endosure in accordance with Data
Sheet 5-48, Automatic Fire Defectors. These detectors should alarm in a constantly attended area and should
be interdlodked to shutofl the fuel supply.

Base temperature rating of the detectors on the maximum operating temperature expected within the com-
partment. A common rating in the gas turbine, accessory , and generator compartments is 375°F (190°C).
However, load compartments may require temperature ralings of up o 600°F (316°C).

2.2.1.2 Install Approved heat or lame detectors on both sides of the turbine if there is space below the turbine
where lube oil or fuel oil can accumulate.

2.2.1.3 Provide combrstible gas deteclion in gas lurbme/combustor enclosures. Intertock the gas salety
shutolf valve 1o clase on delection of 2 gas leak

2.2.1.1 Provide a fixed fire protection system for the gas turbine endosure. The system should be designed
to maintain an extinguishing concentration for 3) the rundown tims of tha turbine and b) for the time \urbine
surfaces are above the autoignition temperature of the fluid whichever is longer. For lubricaling oil autoignition
temperatures are typically 700°F (37 1°C), for fuel oil autoignition temperatures are 500°F (260°C). A mini-
mmum lirna of 10 min should be used il rundown times are under 10 min The syslem should be automati-
cally aclivated and capable of remote or manual operation from an accessible area. The fixed protecton
system may be one of the following:
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« A carbon-dioxide extinguishing system designed in accordance with Data Sheel 4-11N, Carbon-Dioxide
Extingiishing Sysferns and reavrmimendation 2.2.1.5. Gas concenlrations should be 343% by volume in
one minute and 30% for the rundown time of the turbine (see Fig. 1).

« An Agproved water mist systermn installed in aconrdance with manufacturer’s mstallation instrucons, NFPA
750, Standard Ffor the Instalation ol Walter AMid Fire Protection Syrslemms and recormmendation 2.2.1.6 (see
Fig. 1).

* An A\ppwoved clean agent fire-extinguishing system installed in accordance with the manufacturer’s
inslruchons and NFPA 2001, Clean Agen! Fire Extinginshing Sysfems and recommendafion 2.2.1.5 (see
Fig. 1).

< Where an existing instaflation is protected with a Halon 1301 extinguishing system it should be instatled
in accordance with NFPA 12A Halon 1301 Extinguishing Sysferns and recommendation 2.2.1.5.

* An automatic sprinkler or water spray system installed in accordance with Data Sheet 2-8BN, Installation
of Sprinkfer Sysferns or Dala Shee! 4-1N |, Wafer Spray Fixed Systermns and recommendation 2.2 1.7 (see
Fig. 1).

« i less fiammable, Approved lubricants and hydrauiics flurds are used, protection is nol needed for lubrica-

tion and hydraulic systems. Il liquid fue! is used provide detectlion and fixed protection for areas under
the gas turbina.

2.2.1!5 Where a gas agenl is used:

« Provide sufficient agent to produce an extinguishing concentration in one minute. Also provide an extended
discharge to compensata for leakage from the compartment and maintain an extinguishing concentration
for the nmdown fime of the turbime. A minimum time of 10 minutes or the actual rundawn time of the turbne
whichever is greater should be used.

e Conduct a full discharge test to verify that extinguishing concentrations can be maintained for the rundown
e of the lurbine. I1 this tesl has not been conducted, the systermn should not be considered reliable.

¢ Interlock the compartment ventiation system to shutoff on system discharge. Also provide automatic closing
doors or dampers for openings not nommally closed.

2216 Where waler mist is used:

» Design the system so that it will provide protection for 10 min or the rundown time of the turbine whichever
is greater.

+ Condud a discharge lest 1o verify that all nozzies flow free and clear.

« Inlerlock the compartmen! ventilation system to shutofi on system discharge. Also provide automalic closing
doors or dampaers for openings not nomally closed.

2.2.1.7 Where automalic sprinkler or waler spray protection is used:

+ Install automatic sprinkler or water spray protection for exposed oil piping and areas on the floor under
the lurbine where lubnicating oil or fue! ol may colledt.

* Prevent direct water discharge onto hot surfaces such as exposed turbine casings.

2.2.2 Unenclosed Gas Turbnes

Unenclosed gas turbines should be protected by local application systems for specific hazards such as
bearing housings, lube oil tanks and fuel piping. Area protection should be provided for the building. The use
of Apnproved fire resistant lubncants is an acceptable altemnative for lubricating oit hazards.

2.2.2.1 Install Approved heat or fiame detectors on both sidas of the turbine if there is a space below the
turbine whera lube oil or fuel oil can accumulate.

2222 Provide combustitle gas detedion over the combustor of (as lired unils . Interfock the gas safely shul-
off valve 1o dlose on detection of a gas leak.

2.2.2.3 Provide local application protection for bearing housings, lube oil tanks, hydraulic oil and seal oil
syslemns. See recommendalion 2.2.2.5 (see Fig. 2).

2.2.2.4 Install automatic sprinkler protection at ceiling level, see recommendation 2.2.2.7 (ses Fig. 2).
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222 7 Ceifing level protection syslems should be designed lo:

a) Provide 0.20 gpm/RZ (8 mm/min) over the most hydraulically remote 5,000 ft? (465 m?) area, see Fig. 2.

b) Prowvide shielding or lagging over the turbine.

c) Allow 750 gpm (2800 dm™/min) for hose streams.

d) Pyovide a water supply adequate for two hours.

2.2.2.8 Provide dry chemical and/or foam extinguisher adjacent to the gas turbine enclosure to extinguish
small oil fires and insulation blanket fires.

2.3 Equipment and Processes

2.3.1 Prevention of Intemal Fires and Explosions

2.3.1.1 Provide lame delectors in combustors interfocked to ddose a fuel shutoff valve in the event of lameoul
duning operation. The time from flameou! o complete cutofl of fual should nol exceed 750 mifliseconds.

2.3.1.2 Provide redundant fuel shutoff valves in gaseous and hquid fuel systems. Provide a vent in gas-
eous systemns, and a drain in iquid-fuel systems localed between the valves. The vent or drain should open
automatically on valve closure.

2.3.1.2 Install aviomatic drans in the combus\or casings of gas turbines usmg hquid fuel. Tes\ drains annually
o ensure they aperate propetdy.

2.3.1.4 Inspect the fuel system at least annually during regular combustion section inspections, as described
in Data Sheet 13-17, Gas Turbines.

2.3.2 Fuel Supply

2.3.2 1 NMvange fuel 0il supplies as recommended in Data Sheet 7-88, Storage Tanks for Hammable Liguids,
Dala Sheet 7-54, Natura! Gas and Gas Piping, and Datla Sheet 7-53, Liquifred Natura! 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 ven! o the outside for enclosures containing a gas pressure regulator.

2.3.2.4 Receivers if used should be designed, constructed and tested in accordance with the ASME Boiler
and Pressure Vesse! Code.

2.3.3 Piping

2.33.1 Insta? Approved shutl-oft valve(s) in the man gas and liquid fuel Tmes leading o the fuel manifolds
on the gas turbine. Locale vatves near the enlrance 1o the lurbine enclosure. The valtve(s) should automali-
cally close on fire detection or when the fire protection system operates. Valves should be operable from out-
swle the fire area.

2.3.3.2 Provide a system to shut off hydraulic and lube-oil from the control room or other remote location
in the event of fire.

2.3.3.3 Use Approved hydrautic fluids for hydraulic systems where possible. The fluid should be Approved
for \his application by the gas turbine manufacturer.

2.3.3.4 Provide metal guards for instrumentation in lubricating oil and fue! fines to prevent accidental
breakage.

2.3.3.5 Use salety glass or similar impact-resistant material for windows in sight glasses.

2.3.3.6 Fabricate lubricating oil imes of pipe-guard (conceninc pipes) construction (also known as safety
pYIng) with the pressure line rumming nside the drain Ime.

2.3.3.7 Support rigid piping connected directly to the turbine so that failures will not occur from coincidence
of the natural frequency of the piping with the rotalional speed ol the combustion lurbine

©2002 Factory Mutual Insurance Company. All rights reserved.
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2.2.2.5 If less flammable, Approved lubricants and hydraulic fluids are used protection is not needed for
lubrication and hydraulic syslems.

+ The Huid should be Approved for use hy the gas turbine manufacturer.
* If liquid fuel is used provide detection and fixed protection for areas under the gas turbine.

2.2.2 6 Local application protection system may be water mist, automatic sprinkler or automatic water spray
protection.

Automatic sprinklaers or water spray should be:

* FM Apyroved
« Installed in accordance with Data Sheet 2-8N, Installation of Sprinkler Systems or Data Sheet 4-1N, Water
Spray Fixed Sy<tems

+ Designed to flow 30 gpm (113 dm™/min) per head
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2.2.2.7 Cethng level protection systems should ba designed lo:

a) Provide 0.20 gpm/fZ (8 mm/min) over the most hydraulically remote 5,000 ft? (465 m?) area, see Fig. 2.

b) Provide shielding or tagging over the turbine.

c) Allow 750 gpm (2800 dm™min) for hose streams.

d) Provide a waler supply adequate for two hours.

2.2.2.8 Provide dry chemical and/or foam extinguisher adjacent to the gas turbine endosure to extinguish
small oil fires and insulation blanket fires.

2.3 Equipment and Processes

2.3.1 Prevention of Intemal Fires and Explosions

2.3.1.1 Pyovide lame detectors in combustors interlocked to dose a fuel shutoff valtve in the event of Rameout
during operation. The ime from Aameoul to complete cutoff of fuel should not exceed 750 milliseconds.

2.3.1.2 Provide redundant fuel shutoff valves in gaseous and fiquid fuel systems. Provide a vent in gas-

eous syslems, and a dram in liquid-fue! systems located belween the valves. The venl or drain should open
automatically on valve dosure.

2.3.1.3 Install automalic drams in the combuslor casings of gas turbnes using liquid fuel. Test drains ammualty
lo ensure they operate properly.

2.3.1.4 Inspect the fuel system at least annually during regular combustion section inspections, as described
in Dala Shaet 13-17, Gas Turbines.

2.3.2 Fuel Supply

2321 ~vange fuel 0l supplies as recormanended in Data Sheet 7-88, Storage Tanks for Rammable Liquids,
Dala Sheet 7-54, Nafural Gas and Gas Piping, and Data Sheet 7-53, Ligqufffed 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 the outside for enclosures containing a gas pressure regulator.

2.3.2.4 Receivers if used should be designed, constructed and tested in accordance with the ASME Boiler
and Pressure Vessel Code.

2.3.3 Piping

2.3.3.1 Inslafl Agproved shut-off valve(s) in the main gas and liquid fuel Tmes leading 1o the fue! manifolds
on the gas lurbine. Locate valves near the enlrance to the turbme enclosure. The valve(s) should aulomati-

cally close on fire detection or when the fire protection system operates. Vatves should be opsrable from out-
side \he fire area.

2.3.3.2 Provide a system 1o shut off hydraulic and lube-oil from the control room or other remote location
in the event of fire.

2.3.3.3 Use Approved hydraulic fluids for hydraulic systems where possible. The fluid should be Approved
for 1his apphicalion by the gas turbine manufaclurer.

2.3.3.4 Provide metal quards for instrumentation in lubricating oil and fuel fines to prevent accidental
breakage.

2.3.3.5 Use safety glass or similar impact-resistant matarial for windows in sight glasses.

2.3.3.6 Fabricate lubricaling oil imes of pipe-guard (concentric pipes) construdion (also known as safety
pping) with the pressure line ruming imside the drain lme.

2.3.3.7 Support rigid piping connected direclly to the turbine so that failures will not occur from coincidence
ol the natural frequency of the piping with the rolational speed of the combustion lurbine

©2002 Factory Mutual msurance Company All rghts reserved.
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2.3.3.8 Use welded pipe joints whera practical. Use a torque wrench to assemble threaded couplings and
flange bolls in fuel and oil piping. Torque the couplings and bolts to the manufacturer's recommendalions.
Provida positive locking devices to prevent unsoewmng of fittngs.

2.3.4 Elecincal

2.3.4.1 Route instrumentatron and onntrol cable where possible, through areas where they would nol be
exposed by a fire.

2.3.4.2 Protect one set of control and power cables to ac and dc lubricating oil pumps with an Approved
one houwr firewrap.

2.3.4.3 Protec! cable spreading rooms in accordance with the recommendations in Data Sheet 5-31, Cables
and Bus Bars; protect switchgear and motor control centers in accordance with the recommendations in

Data Sheal 5-19, Switchgear and Circvil Breakers; control rooms in accordance with the recommendations
in Data Sheet 5-32, Electronic Data Processing Systems.

2 3.4 4 Protect ansformer in acoordance with Data Sheet 5-4, Transformers.

2.3.5 Hydrogen
2 3.5.1 Store cylinders outside or in a separate, welfl venlilaled endosure when possible.

2.3.5.2 Protecl indoor storage of hydrogen cylindars with aulomatic sprinkler or water spray prolaclion al a
density of 0.25 gpm/ftZ (10 mm/min) over and for 20 ft (6.1 m) beyond.

2.3.53 Other provisions contained in Dala Sheel 7-91, Hydrogen , should be followed.

2.3.5.4 Instal an excess flow valve and an emergency shuloff valve on the supply line where hydrogen is
supplied from a large central storage remote from the building. The emergency shutoll vatve should be at
readily accessible location and arranged for remote operation from the contro! room.

2.3.55 Provide a means of ventmg and purging hydrogen cooled generators. Valve(s) should be remotely
oparable from the control room or accessible during a3 fire.

2.3.5.6 Provide a procedure 0 be followed regarding purging hydrogen from the generator when mainlenance
work is to be done.

2.3.6 Air Flters
2.3.6.1 Use noncombustible air filters where possible.
2.3.6.2 Provide access doors or hatches in inlet air-fitter encdlosures using combstible fillers.

2.3.6.3 Provide manual firefighting equipment for personnel performing maintenance on air filters.

2.3.7 Encihsure Venfilation

Provide chain or shaft driven ventilation fans for enclosed installation ventlilation. This reduces lhe possibil-
ity of damage to motors in event of exhaust seal leaks and reduces the need for operators to laave
conpartment doors open. This should improve gaseous system reliabilily.

2.3.8 Heat Recovery Steam Generafor Systems

Follow recpmmendations contained in NFPA 85, Boiler and Combusfion Sysfems Hazards Code, for
combined cyde plants using HRSG.

2.4 Operations and Maintenance

2.4.1 Davaelop an inspaction program listing enclosure openings such as doors, panels, dampars, etc. and
enclosure ventilation system interlocks.

2 4.2 Inspect endosure openings monthly lo varily they are closed or will dose automatically. Taes! ventilation
systemn interfock annually to verify proper operation.
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2.5 Contingency Planning

2.5.1 Develop a plant fire emergency plan so that fire departments are familiar with the hazards and protec-
tion al the facility. The emergency plan should include information as to when it would be possible to shut
ofl the Row of oil o the beanngs. This is espedaally necessary for unproteded or partiafly protected build-
ings. The objeclive is to prevent major structural damage (o the building housing lhe turbine.

3.0 SUPPORT FOR RECOMMENDATIONS
3.1 Loss History
3.1.1 External Fres

3.1.1.1 Summary of Experience External Fires

The repoarted loss experience o dale is from extemnal fires. External five incidents generally imvolve lubricat-
ing oil and/or fuel syslems. These fires occur autside the gas turbine and expose the turbine and enclosure.
Table 1 shows location and system involved in 54 fire and explosion incidents. About half the incidents
ocourred m the tutbme compartment. The \ower vatue property losses invotved bearing seal oil fires and insu-
lation blankel hres. The higher value property losses involved leaks or breaks in lube oil or fuel lines. Gas
line leaks or breaks genarally resulted in an explosion followed by fire.

Six nodents ooutred in the genaralor compartment. Two were an ol fires, fowr were elecirical fires involv-
ing the bus duct or collecior area. Tha requency of an ol fire in the generalor compartimeant is low comparaed
with the turbine end the combustor. Howevar, protection is needed for this area.

Mos! insiaflations were provided with a fixed prolection sysltem. The most conwnonly used systems were
carbon dioade and Halon 1301. Dry chemical syslems were also used. Table 2 ales lhe reason protection
systems were not effective.

Tadle 1. Summary of 54 externs! ire Iosses in gas turdine insfafiations {1970-1978) by location and system mvolved

System Invohed
Location Lube-oil Fuel (od or gas) Unknown Total

Turdine compartment 14 135 2 31
Exhaust area 2 — 2 4
Load tunnel 1 1
Towing gear endlosure 2 ) — . 2
T ued system S D N = 3
Genarator area 2 — 4 6
Unkooren L] 2 3 9
Total 25 20 1 54

Defioenty No.
Doors or dampers not closed 3
Actustion system malfunction 3
System not In service 3
Fire not in protected area 4
Enclosure damaged by incident 2
Total 15

3.1.1.2 Gaseous Extinguishing Systems

The losses reported are helpful in determining what should be done to prevent protection system failures.
Data does not include a number of fires in which the exlinguishing system was successful in limiting damaga.
Many inGdents are nol reported because companies do nol want to atiracl the attention of regutatory agen-
cies or the incident was below the deductible.
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A survey was conducted in 1999 conceming experience with CO,, systems over the last few years. The sur-
vey mvalved fire proteclion engineers responsible for 90 gas turbine instalalions protected by CO,, systems.
Three fires were reported. Two fires involved fuel oi! and one involved lube oil. The fires were extin-
guished by the CO, systems. A full discharge acceptanoe test had been conducted for these instaflations.

A gaseous agent system for a gas turbine installation should be installed with large enough diameter pip-
ing to permit changes in nozzle sizes. Following a full discharge test it may be necessary to increase the size
of cerlain nozzies 1o oblain higher flow rates. Thes 1o maintain an extinguishing concentrafion for the initial

discharge and’or nmdown lime of the lurbine. A gaseous agent systemn should nol be considered eflective
unless an acceptance test has been conducted with the gas turbine at operating temperature.

3.1.1.3 Waler Mhst (Fine Waler-Spray) Systems

The phasing out of halon systems has led to the development of water mist systems. These systems extin-
guish fires by a combination of inerting and cooling. Inerting occurs when water mist is drawn into the fire
with combustion air and tums to steam. The water mist also cools the lame and hot surfaces. There are sev-
eral installations in the Uniled States but no reporled loss experience to date. Water mist systems were first
used to protect gas turbine compartments in offshore oil platforms in the North Sea. There have been sev-
eval ires. The systems have extinguished the fires successfully without damage to the lurbine. Waler mist sys-
termns are FM Approved as Yolal loodmg systems. Their use is limited to the volume and heighl of the
anclosura given in tha Approval Guide, a publication of FM Approvals. There are no systems Approved as
local appheation syslems.

3.1.2 Intemal Fires and Explosions

Table 3 represents combined slatisfics from FM Global, Edison Electric Institute, and the NFPA_

Table 3. Intemal fires and explosions (1970-1998)

Gross Property Damage Costs

Loss Ceuses Number of Losses {U.S. $1000's in 1999 dofiars)
Casing Drain Malfunction 5 $ 3490
Combustor Flameout 10 ’ $ 9095
‘grition Fafure 1 § 1010
Leaking Fuel Valves and Fuel Switchover 8 $ 3470
Flashback, Forelgn Liquid, Faulty Regulator, Etc. 9 $ 8064
Unknown 1 - 6 _§_7!60
Totat el 39 $32.289

32 Mustrative Losses
3.2.1 Extemal Fires and Explosions

3.2.1.1 Acceplance Tes! Detects Problem with CO,, System

A high pressure CO, system was installed to protect four enclosed unils at a large northeas! utility. The
turbines were rated at 50 MW(e). The CO, system was arranged with a selector valve so that the initial supply
would discharge inlo the enclosure where the fire was detected. A full discharge acceptance test was con-
ducted on Unit 4. A detector in Unit 4 was actuated to vernfy that interlocks would shut off the fuel supply and
the exhaust system. In addition the CO, concentration for the rundown time of the lurbine was to be mea-
sured. When the detector was aclivaled the CO,, system discharged into the Umil 4 endosure, but the inter-
focks for fuel suppty and exhauslt air were impropery wired and shuldown Unit 3. Unil 4 fuel supply and
exhaust conlinued o oparate. CO, was exhausted from the enclosure. ARer the system was properly aligned
another test was condurted. It was found thal CO, concentrations could not be maintained for the run-
down ime of tha Iurhine. Il the tlast had not haen onnduciad, teo units would have bean oul of service in
the event of fire in Unit 4.
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3.2.1.2 CO, System Effectivety Exfinguishes a Fire

A 50 MW(e) gas turbine at a combined cycle plant was being started. Technicians had finished their work
but had not tightenad tha fittings on tha fual nozzles when the unit was startad. Oil laakad from tha bumar

assembiies and an oil poot fire ignited under the gas turbine. Heal detectors aclivated the CQO, system and the
fire was extinguished with minimum damage.

3.2.1.3 Automatic Sprinkler Protection Effective in Prevenling Major Building Damage.
An improved emergency response plan could have further reduced damage.

A prototype industiial gas turbme was undergoing test n the manufacturer’s test facfity. The buildmg was
75 x 87 x 57 R high (23 x 27 x 17 m). The walls were insulaled melal panel on steel frame, and the roof was
insulaled steel deck on steel beams supported by steel truss. The building was sprinklered throughout by
a system designed to provide 0.21 gpm/i2 (8.4 mmirmn) over the most remote 2400 sq it {223 m?). Figure
3 is an elevalion view of the building.

The gas turbine was a two-shal machine with a power turbine cantilevered forward over two bearings housed

in the load tunnel — the cavily inside the exhaust duct, through which the drive shaft passed. The drive shaft
was coupled 1o a dynamomeler.

An oil reservoir at the inlel end of the gas turbine, near the south wall, provided oil for lubrication and hydrau-
lic control. A pump driven by the gas turbine shaft delivered 120 gpm (7.5 Us) through pipes of up to 4 in.
(10 om) diameler to the three beanng sumps, including the sump in the load tunnel for Bearings 3 and 4. Pres-
sure in the fines was regulated to 15 psi (103 kPa). During startup and shutdown a motor-driven auxiliary
pump in the reservoir delivered oil at a rate of 25 gpm (1.5 I/s). An emergency pump driven by a battery-
powered d.c. motor backed up the auxiiary pump.

The inciden! occurred when part of the rim of the power turbine disk fractured, releasing some of the blades.
A blade jammed between the remaining blades and the casing, decelerating the rotor rapidly, and impart-
ing a igh ransverse load to the bearings. This caused the canbilevered beaing housing to deflect shear-
ing the flange bolls at both pressure and retumn lube—oil lines. (Fig. 4). Oil sprayed out the 3 in. (7.5 cm)
pressure line and ignited.

F

—— OR spray

©2002 Factory Mutual Insurance Company. Al rights reserved.
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The operator immediately inipped the gas turbine and it decelerated quickly to a stop. The a.c. lube oil pump
continmued 1o operate pumping oil through the separated line. When power o it was cut off, the d.c. pump
started.

The pubthc fire department ammived within five minutes and proceedead to fight the fire from outside. Heal from
the fire opened afl seventy-two sprinklers. The fire conlinued uniil an employee wen! into the building and
shut off the emergency lube pump, cutting off the fue! supply.

Sprinkler discharge will not extinguish a spray fire. However, il will greatly limil damage o the building. The
spray fre was extinguished by shulling off the source of fuel. Sprinklers were effective in preventing major
slructural damage to the building. In similar fires without sprinkler protection the building roof has collapsed.

3.2.2 Infemal Fres and Explosions

The following case histories illustrate the major categories of intemal fires and explosions that have occurred
in the turbine combustor or compressor. Each case history discusses the approach to avoiding that particu-
lar hazard.

3.2.2.1 Intemal Fire due to a Leaking Fuel Valve

A single-shafl gas lurhine dnving a standby generator in a pubtic utility had been started up and wamed
priow o loading. Before il was loaded, the dispatcher canceled the reques!, and it was shul down. Before the
shuldown sequence was completed, attempts were made to restart the engine, but it would not respond.
Whan the gas Wuthme was opened and e xarmined, the lurbine saction was found completely bumed out. Rotal-
ing and stationary components of the turbine secton were severely damaged (Figs. 5 and 6).

The leading edges of first stage nozzles exhibited light damage, possibly unrelated to the fire. Bul the trail-
inQ edges were extensively bumed. A torch-like lame savered almost all of the second and third stage
nozdes: the second slage al midspan, and the third stage at the ouler flow path. Apparently the flame front
had been positioned halfway through the first stage nozzle row.

Notiwng mn the contol logic could explam the development of the intema) fire; it should have been impos-
sible to inject fuel inlo the engine during the restart attempt before the igniter was activated. However, the
fuel flow was governed by a throtlle valve, an overspeed trip valve; and the fuel isolation valve, all down-
stream of the fuel pump. The overspeed trip valve was nomnally open. The function of the isolation valve
veas o shul off the liqund fuel during normal shutdown, and while the turbine was operating on the alter-
nate fuel. This valve was air-lasted after the loss, and il leaked. It was concluded that fiquid fusel was forced
through this leaking valve by the motor-driven fuel pump upon startup, and the pressure was sufficient to
atormze the luel as A lowad through the fuel nozzles into the hot combustion chambers. The (uel ignited and
bumed in a controfled manner in the lurbine section.

Newser gas lurbines often employ a double valve system for the gaseous fuel. Figure 7 is a schematic of a
double valve arrangement with a solenoid-operated vent valve to bleed off any fuel rapped between the
prirnary and secondary valves. This ven! valve is dosed during operation and is opened when the primary
fuel valve closes on shuldown. In the system shown, the secondary valve is closed by differential pressure as
lhe vent valve opens. In other systems the primary and secondary valves are closed by the control system.

Liquid-fuel systems often do nol have a double valve arrangement. In one instalation, the control valve
serves as a shutoff valve. In this case the main fuel pump is lurbine driven, and ceases lo produce fue! pres-
sure when the turbine decelerates. This may be sufficient protection against an intemal fire after shut-
dovm or just before startup.

The system in this case history has a solenoid-operated shutoff valve downstream of the control valve, and
the main fuel pump is motor-driven. There is the potential for an intemnal fire if the shutoff or isolation valve
lanks and il the turhina is slatled hotl or the pump continues 1o operate aflar shuldown.

N H

The case history shows it is important to provide double fue! valves in liquid fuel syslems with motor-driven
fuel pumps. The combustor drain is not sufficient protection against a leaking valve through which fuel can

be sprayed under maximum fuel-pump pressure.
3.2.2.2 Intemal Explosion due lo Slow Response of the Fuel Valve to Flameoul.

A gas lurbine with a vertical combustor discharging through a U-duct into the turbine had been started on
fiquid fua) and synchronized. Steam was being injecled through poris around the combustor fuel-nozzle for
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Fig. 7. Gaseous fuel valves. {Sofar Turhines, Inc)
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emissions control. About twenty minutas after the inilial injection of steam, a violent explosion took place
in the combustor. At the same tima, a numbaer of alarms, including a lamaout alarm, sounded.

The internal damage in the gas turbine was extensive. The combustor itsell was nol extensively damaged,
but the 34 in (10 mm) thick intemal liner of the U-tube was tom, with sections completely broken away. The

first hwo rows of turbine blades were completely sheared off at the roots, and stationary nozzle vanes were
broken and damaged. Downstream blades were badly fragmented from impact. Flange bo'ts on the engine
casing were broken, and the flanges bent and separated.

Apparently the introduction of steam around the fuel nozzle resulted m a lameout. Flame detectors had been
installed to sense flameout and to cut off the fuel supply. However, a time delay of 3.5 seconds was built
into the shutoff sequence to give the fuel control time to react to underspeed conditions and avoid spurious
rips. After the Rameout, fue! contmued to ilow Into the hot combustor, and reignited, probably at the discharge
from the combustor, and in the U-tube. tintemal fires and explosions resultng from Rameout during normat
operalion can be prevented by rapid cutoff of fuel to the combustor after lameout.

3.2.2.3 Intemal Fre due 1o a Faully Casing Dran.

A third hazard of intemal fire arises when liquid fuel collects in the bottom of the combustor casing afler a shul-
down and is no! drained off, possibly because of drain malfunction. This pool of liquid fuel is ignited by the
hol gases developed in a combusior during a subsequent startup.

A large industrial gas turbine-generalor fueled by No. 2 fuel oil had been started and was being loaded when
it trippad out on overspeed. It was idle for two hours while the control system was checked out 1t was found
thal the overspeed trip resulted from a control malfunction, and the turbine was restarted. Within a few min-

utes, the gas turbine tripped on high exhaust temperature, and the exhaust stack began to emit dense black
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smoke. The exil gas temperature (EGT) reached 1200°F (6507C), far in excess of the nomatl level of 700°F
(3707C). An operalor opened a door in the exhaus! ducl and saw a glow from within the turbme.

When the turbine was cooled down and dismantled, three of the sixteen combustor baskets were found extan-
sively damaged. Large areas were missing. The edges of the baskets were curled inward; covered with scale,
and solidified globules of metal adhered o the surface, indicating metal had melted. Another combustor
basket was slightly damaged, but the remaining twelve were still serviceable. The first two rows of rolating
lurbme blading were extensively damaged, presumably by impact with the combustion baskets.

The three damaged combustor baskels were at the bottom of the casing (Fig. B) where unbumed liquid fuel
tends to accumulate when a gas turbine is shut down. An automatic drain in the bottom of the casing should

drain ofl this fue! of! affer shutdown. This drain was found jammed shut and woutd not open under the spring
load.

The cause of the damage was uncontroltfed buming of fuel o# \hal had dramed into the combustor casing
after the engme had fpped on the spurious overspeed signal. The ol accurmAated in the casing due to the
jammed drain. The damage was limited to Combustors 9, 10 and 11, because the buming gases were drawn
into the bleed opening by the air being bled from the combustor casing. The ftame was thus drawn away
from adjacent combustors (such as Nos. 7 and 8) leaving them undamaged. The diluion of these gases by
the blaed air pravented additional heat damage in the bleed system.

Combustor cases should have automatic drains 1o remove accurmaations of hiquid fual after shutdown. These
vatves may be pneumatically operatled, held dosed by compressor discharge air while the engine is oper-

aling, and opening under spring force upon loss of pneumatic pressure after shutdown. Automatic drain valves
should be tested annually to insure proper perfarmance.

3.2.2.4 Internal Fire Occumng during Switchover from One Type of Fuel to Another.

Fwes and explosion sometimes ocour duning switchaver from kquid 1o gaseous fue), or vice versa. One c3use
may be inadequate control of the rates of reduction of flow of the original fuel and mmcrease of flow of the
new fuel. The original fuel may not be purged adequately, and uncontrolled combustion may occur. Uncon-

trolled combustlion can also occur if the valve admitting the original fuel leaks, and the fuel continues to flow
after the switchover is complete.

During the first startup afler an inspection, a gas turbine generator having a dual fuel system was brought
up to part load on liquid fuel. A changeover to butane gas was made. Within a few minutes, the fuel pres-
sure dropped and an explosion ocoumed. Both turbine stages were badly damaged by impad with frag-
menls originating in the combustor and passing downstream.

An wrvestigation shawed thal a \oose cap on one of the dual-fuel nozzles permitted liquid fuel Yo leak into
the combustor. The excess fuel ignited in the combustor and the explosion occurred.

3.2.2.5 Maintenance and Inspection of Gas Turbine Fuel Systems

Three of the four incidents described could have been detected and damage prevented by proper inspec-

tion and maintenance procedures (the \eaking valve, jammed combustor drain, and the cap on the dual-
fuel nozzle).

Combustion-section inspectiions should indude inspecting fuel nozdes, igniters and flame detectors. The
last, im particular, are subject 1o moisiure and dirl contamination that could prevent them from sensing absence
of lame. Particular attention mus! be paid to sealing the quartz lenses. Gas valves, fuel-oil valves and dual-

fuel check valves should also be mspedted and leak-tested during combustion section inspections, and fuel
manifold and combuston casing drain valves shoutd be tested.

The turbine in the first incident was a standby unit used for faw oparaling hours par year. Malfunclion of
lhe componeants of concem doaes not depend only on hours of operation; idle tme may have just as much
effecl. Ontical fuel system eomponeants in standby units should be inspected amnuafly.

©2002 Factory Mutual nsurance Company. All rights reserved.



Valid Through May 2005

Fire Protection for Gas Turbine Installations

7-79

FM Global Property Loss Prevention Data Sheets

Page 17

Damagqged
baskefls @

ﬁ_D Automatic drain

()

Fig. 8 Combustor damage due to poo! fre in combustor casmg.
{a) Arrangement of combustor baskels, ivoldng resrward.
(b) Bumed combustor baskets.




7-79 Fire Protection for Gas Turbine Installations
Page 18 FM Global Property Loss Prevention Data Sheets

3.3 Test Data

3.3.1 Automatic spnnkler

FM Globa! Research conducted a series of lests for the United Stales Atormic Energy Commission (AEC).
The results are contained in a report tiled “Fre Tests of Automalic Sprinkler Protedtion for O Spill Fires™, Sep-
tember 1957. The testing demonstrated automatic sprinklers were effective in controlling lubricating oil pool
fires. It also showed they were effedive in limitmng heat damage to the building structure. Five tests, four
pool fire lesls and one combined spray and poo! fire tesl was conducted. Automatic sprinkler protection al

ceiling level quickly controlled pool oil fires. The oil spray fire continued to bum until the oil supply was shut
off.

Four lests wesre conducted with 2,000 sq #t (185.9 sq m) of oil on the fioor. The tesls were intended to mea-
sure buming rate of ot and o determine whether ceiling level automatic sprinkler prolection could control

a fire in a large lubricating oil release. A fifth test was conducted. The test consisted of a steel column with
a senes of cross members at the 10 it (3 m) and 20 R (6 M) elevation. An Ol Spray nozzie was mounted
12 N (3.7 m) above the Roor, and 2 N (0.6 m) from the vertical column on one of the crossbeams, as itlus-
tratad in Figure 9. Lubricating oil was pumpad to the nozzle at a flow rate of 10.8 gpm (0.68 l/s) and was
ignited; tha fiqura shows the oil spray just prior to ignition. Thermocouples were mounted throughout the
sleel structure and al the ronf level, 33 A1 (10 m) above the floor. Sprinkler heads ware mounted at the roof
level at 10 f1 (3.05 m) spacing, and were operated about 1 minute after ignition of the spray.

In the spray fire tes\, tha sprinkler discharge density was maeased to 0.36 gpm/ft? (14.4 mm/mm). Thermo-
couples on an exposed sleal column continued 1o register 1400-1800°F (760-983°C) over a period of 8 min-
utes, until the oil spray was shut off. At the same time, a thermmocouple at roof level, at a point 14 ft (4.3 m)
laterally from the ignition point, registered a temperature of 860°F (460°C). Ceiling temperatures would most
probably have been simmlar to the free bum pool fire termperatures of 1600 o 1800°F (870 to 983°C). How-
ever, aulomatlic sprinklers came on and with a sprinkler densily of 0.20 gpm/MZ (8 mm/min) held the ceil-
ing temperature to 750°F (400°C). As sprinkler density was increased the ceifing temperatures decreased
Rrther to 200°F (33°C).

Conclusions are as follows:

+* Auntomatic spinkiers will extinguish an oil spill fire on the floor at a dischamge densily of 0.13 gpm/sq il
(5.2 mm/min) with some margin of safely.

+ Automatic spnnklers will prevent damage to building columns from a floor spill fire. Without automatic
sprinklers senmis distortion and actual column fallure would be expected in less than 10 mmutes.

« Oil discharged as a spray may bring about failure of exposed steel near the fire. Automatic sprinklers may
not extinguish a spray fire. However, automatic sprinklers will limit lemperatures for structural steel and
roofl areas not immediately adjacent to the oil spray fire.

3.3.2 Water Discharge on Hot Gas Turbine Casings

An acadental water discharge on the hol casing of a gas turbine while it is operaling may cause damage.
A major loss involving such a distharge occurred when three acadental Inps of a deluge system wetted the
wrbine casing of a heavy-duty gas turbine. The casing was operating at 550-600°F (288-316°C). The deluge
nozles were dwected at the top of the lurbine casing. No immediate damage was noted. However, it was
noted thal there was an increase in the exhausl gas temperature after each incidenl. Four months after these
incidents the unil was shul down and the turbine section opened for inspection. The blades on both turbine
stagas wara rubhad savaraly at thair tips; tha bladas in tha first staga woere wom approximataly 0.060 n.
(1500 microns), while the blades of lhe second slage were wom a lit8e less (0.050 in. or 1300 microns). The
casing had distorted elaslically as a resull of the circumferentially-varying cooling effect of the deluge-
system discharge. There was no permanent material damage to the casing, and dimensions were within blue-
pont fiits after it relumed to ils onginal shape when the lemperature gradients were remaved. The company
invoived continues o use fixed automalic sprnkler syslem protection for their turbines. However, nozzles
are arranged so lhat they do not spray onto the turbine casing.

Another accidental water discharge inddent occurred to a 35 MW gas turbme wilhout damage. The turbine
was in operalion when a 6 in. (15.2 am) filling between the sprinkler riser and the cross main separated.

An estimated 1200 gpm of water discharged from the open fitting. The casing was insulated with lagging. The
wwrbme pped off me and coasted down with oit in the bearings. The tuing gear breaker tripped and the

Q2002 Factory Mutual Insurance Company. All rights reserved.
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FM Global Research has completed an analylical study of the termperatures, stresses, and deflections of
hol gas turbine casings subjected lo sprinkler discharges of various densities and areas of impacl. The cas-
ing involved in the first loss was used as a model for the study.

It was concluded that sprinkler water on a hot wrbine casmg will not cause stress beyond the yield pomt of
the turbine casing malenial. 1 was also found that blade rubbing due to the decease in dearance between
the turbine casing and the blades can occur. The casing was approximated as a thin walled cylinder main-

lained al a constant temperature on its inner wall and cooled non-uniformty by sprinkler discharge on the
outer surface®.

As noted above water in contact with the turbine casing has sometimes caused blade rubbing. It is known
that internal clearances are reduced when operating at higher power settings. For the purpose of FM Approval
testing it was assumed thal the allowable deflection due 10 coofing is proportional 1o the mdius of the tur-
bine casing for all classes of combustion turbines™. A representative value of the clearance between casing

and the turbine blades is about 0.1% of the casing radius, when the turbine is under load™. At shut down
the dearances mcrease subslantally.

Testing was conducted to simulate water mist system discharge impinging on a hot turbine casing to deter-
mine whether a deflection greater than 0.1% of the turbine radius would occur. The simulation makes an
aflowance for dry spots on the casing, where cooling would nol occur.

Water mist systems generally fall into two categories with regard to therrnal impact. One category in which
waler from water mist nozzles is likely to come in contact with the turbine casing. A second type in which the
waler sl does not impinge on the turbine casing.

The tesling for both types of water mist systems uses a horizontal steel plate 3.3 ft x 6.6 1t x 2 in. thick (1.0
m x2.0 m x 50 mm )to stimulate the turbine casing. Thermocouples are embedded in the plate at three depths:
Y2 in. (12.7 mm), 1 in. (25.4 vm), and 1 Y2 in. (38.1 mm) below the surface. The water mist nozzles are
located as close to the heated plate as afllowed by the manufacturer’s instaflation instruclions. The plate is
heated to a temperature of 570°F (300°C). The water mist system is discharged and temperatures are mea-
sured al the (hree depths over one exlinguishmen! spray cyde. It is assumead thal the top surface receives
a canslant cooling flux and thal Hhe bollom surface is adiabalic. Using the lemperature disinbution for the
model, the deformation is calculated for a 2 in. (5 om) thick casing, with a radius of 3.3 R (1.0 m). The defor-
maton cannol be greater Yhan 0.1% of the turbine radius.

4.0 REFERENCES

Dala Sheel 4-11N, Watler Spray Fixed Systems.

Dala Sheet 5-19, Swifchgear and Circul! Breakers.
Data Sheet 5-31, Cables and Bus Bars.

Data Sheel 532, Bectronic Data Processing Systems.
Data Sheel 548, Automafic Fire Defectors.

Data Sheet 7-54, Natural Gas and Gas Piping.

Data Sheet 7-83, Drainage Systems for Flammable Liquids.
Data Sheel 7-88, Storage Tenks for Hammable Liquids.
Data Sheetl 7-91, Hydrogen.

Data Sheeat 9-9/17-9, Equipmen! Replacement Cosls.
Dala Sheel 13-17, Gas Turbines.

4.2 NFPA Standards

NFPA 12A, Halon 1301 Extmgurishing Systems.

NFPA 85, Boder and Combusfion Systems Hazards Code.

NFPA 750, Standard for the Installation of Water Mist Fire Protection Systems.
NEPA 2001, Clean Agent Fire-Extinguishing Systems.

APPENDIX A GLOSSARY OF TERMS

Approved: references to “Approved” in this data sheet means the product and services have satisfied the

critena for FM Approval. Refer to the Approval Gurde, a publication ol FM Approvals, for a complete listing of
products and services that are FM Approved.
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Endciosed imstaflation: A gas lurbine installaton n which all major components and systems (except the driven
machine) are housed in an enclosure. For larger unils there could be several endosures, one endosure
for each of the major systems. It is somelimes referred to as a package installation, because it is arranged
on a stirutural skid for transportation as a unil.

Flameout: General loss of flame in a gas lurbine combustor, possibly because of restriction in the fuel fines
to the combustor section or a control malfunction that reduces fuel low below the lower limit of combustion.

Fire or explosion:

External: A fire occurring outside the gas turbine. In most cases damage is to piping, cable or extermnal
surfaces of the turbine. The ernclosure housing the turbine may also be damaged. Fires involve leaks of
od al beanng housings or insulalion blanket fires are usually high value fires. Fires involving 'eaks or
breaks in lube oil or fuel lines are usually high value fires. Gas line leaks or breaks generally rasult in an
explosion followed by a fire.

Infernal. A Gire occouTimg inside one ol the major components of the lurbine usually due 1o fuel accurnu-
1alions. Fuel may accumulate due o fuel leakage pasl shutolf vatves, delay in shuldown following loss
of lame, failure of a casing drain, or an inadequate purge. The fire or explosion occurs within the turbine,
compressor or exhausl System.

Gaseous, (ofal flooding systen: A fire extinguishing system that relies on filling an enclosure with an
extinguishing agent, and maintaining the extinguishing concentration within the enclosure until the fire is extin-
guished and comditions will nol permit reignition.

Gas turbine installation: The arrangement of a gas turbine and its driven machine (usually an electric gen-
erator or compressor) in a facility. The installation is usually understood to include a lubrication system for
the machinery bearings, a hydraulic system for certain contral and protective functions, fiqurd fuel and gas-
eous fuel conditioning and defivery systems, a fire protection system, switchgear and a control room. The

air intake and filter, including silencer and air cooling system, and the exhaust duct and silencer, are part of
The mnstialiation,

Halocarbon clean agent: An extinguishing agent constituted of organic compounds containing fluorine,
chlorine, bromine or iodine.

tnhert gas dean agent: An extinguishing agent constiluted of the inerl gases argon, nitrogen, helium or neon.
A blended agent may also include carbon dioxide.

Lagymg: The letm “laggmg™ refers 1o a covering or endosure of some kind designed to shield the hot sec-
lion of a gas lurbime from extermal fadlors, such as olher equipment, water discharge, or simply the environ-
ment, and o keep personnel from accidental contact with the hot section while the turbine is operating.

Lagging consists of insulatmg blanketls around the casing. The insutation is usuallty metal covered.

Less flammable fluid: A lubricant or hydraulic fluid that is unable to stabilize a spray flame, and is classi-
fied as Group 1 according to the FM Specification Test Standard for Flammability of Hydraufic Fluids Class
6330. Mineral ol! is dassified as Group 3 according to this standard.

Skid: A structural steel base on which a gas turbine and/or its auxiliary components are mounled. It may
ba anclosad or unenclosad.

Urenclosed msiafiation: A gas lurbine mstallation, usually in a large building and possibly part of a multiple
insiallation, withou! individual endosures for any of ils auxiliaries or components.

Water mist: A fire extinguishing system in which multiple spray nozzles discharge directional fine water sprays
under high pressure, or by air atomization. The system produces significantty smafler water droplets than
those generated by automatic sprinklers, and extinguish large fires (including spray fires) faster and more
effectively. The smaller droplets vaporize and extract heat more rapidly from the flames.

APPENDIX B DOCUMENT REVISION HISTORY
May 2000. The following changes were made:

1. The reconvmendation for excess flow valves as an aflemale formn of protection to fixed fire protection has
been removed. Excess flow valves function if the flow exceeds 110% of the rated flow. There have been
large losses in which oil or fuel leakage from a flange or a fitting has been substantially less than the rated
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Mow. Excess fiow valves may be of beneft in installations such as engine test cells where the frequency of
a calasirophic event is substantially higher than in production machines.

2. A requirement for a full discharge trip test has been included for gaseous agent extinguishing systems.
In addition an inspection program for doors and damper intended to seal openings is recammended. The
causes of previous extinguishing system failures are reported. Also the resulls of a recent survey of loss
prevention engineers spedalizing in fire protection for utilities indicate that the reliability of these systems is
substantially improved when fult discharge trip tests are conducted.

3. Protection of one set of control and power cable for ac and dc lube oil pumps is recommended.

4. Fixed fire protecion system agent supply should be 10 man or the rundown Gme of the turbine for enclosed

lurbmes wivchever is greater. Local application system agent supply should be 20 min or the rundown time
of the turbine whichever is greater.

5. Automatic sprinklar or water Spray protediion is recommmended as an altemate form of protection providing
the syslem is arranged 1o prevent water discharging onto the lurbine casing.

6. An annual test frequency is recommended for automatic drains in combustor casings.

7. Descriptions of tests and losses involving automatic sprinkler protection have been revised and examples
of the need to functionally test gaseous agent systems have been added.

The September 1998 reviston recommended:

¢ The use of excess flow check valves in lubrication, hydraulic and liquid-fuel systems.
< Fme-water spray (FWS) extinguishing systemns

* The use of less flammable lubricants and hydraulic fluids

o Dired fire proteclion of the main strudural members of turbine hals.
APPENDIX C SUBJECT MATTER SECTION
C.1 Water Mist System

C.1.1 Description of Water Mist Systems

Water mist exfimguishing systesms can be used o protect gas turbines housed in enclosures. These endo-
sures have forced-draft ventilation systems. The venlilation system, venlilation openings, and doors should be
closed before the system operates.

The suppression systern consists of fine water spray nozzes, fire detection (heat or flame), a control panel,
a water supply, and if necessary an air supply. The water and air can be supplied from cylinders or from
the plant water and air system if quality is adequate. Figure 10 shows one Approved system. Heat detec-
tors are mstalled at ceiling level and have a lemperature rating above the rommal operating termmperature in
the endiosure. Nozzles are installed on each side of the gas turbine. Brandh Imes are installed at the ceil-
ing of Ihe enclosure and 3 ft (0.9 m) above the floor. The latter set of nozzles is directed at fires under the tur-
bina thal may ba shisldad from overhaad nozzles.

Figure 11 lustrales an arrangement of one water mist system showing water lank and air cylinders. The sole-
noid valve on the air cylinder is actuated by the fire detaction system. Air then pressurizes the water tank

‘o defiver water through the piping to the nozzies in the gas \wrbine encdlosure. Additiona! air passes through
the piping to lhe nozzAes.

Figure 12 illustrates a twin fluid spray nozzle. Air discharges through the central orifice, while water dis-
charges through the outer ring of odficas.

C.1.2 Requirements for Approval of a Water Mist System

An Approved water mist systern will extmguish shielded and unshie\ded hydrocarbon pool and spray fires
in endosures not exceeding the volumes listed in the Approval Gurde. The system is also tested ‘o verify that
the gas turbine casing will not be cooled an unacceptable amount. Blade rubbing which reduces the effi-
ciancy of a turbine can accur if water spray impinges directly on a hot casing during operation. Tasting for
blade rubbing is conducled as speafied m 3.32.

Q2002 Factory Mutual iInsurance Company. All rights reserved.
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Fig. 10. Layout of heat datectors, air and water piping. and nozzles for one type of water mist system.

C.2 Rundown Time for Turbines

The fire protectlion system should maintain an extinguishing concentration for the rundown time of the tur-
bine and the time it takes surfaces lemperatures at full load to below the autoignition temperature of the oil.
Rundown times depend on the type of lurbine. Reported times have vaned from S to 40 min tndustrial tur-
bines have longer rundown times than aeroderivative turbines. The larger the turbine the longer the run-
down time. Also the higher the higher the load the turbine is under the longer the rundown time. The rundown
time should be known before corducting a discharge test. If this is not known the test should be con-
ducted under full 1oad so this can be delermined. In addilion il should be known how long it will take sur-
faces to go below the ignition temperature of the fluid. If this information is not available surface temperatures
showdd be measured by themmoocouples located on tlurhme, combustor, comprassor and exhaust systams.
The autoignition lemperature of lubricaling oil may be assumed to be 700°F (371°C), for fuel ot the autoi-
gnition temperature is S00°F (260°C). The minimum duration of 10 minutes was selected because some aero-
derivative turbines had rundown times of 5 min It was decided that a 10 min minimum would provide an
adequate fadior of safety for these units.

C.3 Lubrication Oil and Hydraulic Oil Systems for Gas Turbines

Lubricating o, hydraufic ol and fuet oil are most commonly invotved in fire scenarios mvolving gas turbines.
The ol system is needed for tubrication, hydraulic (power) and lift oil systermns. The hydraufic oil syslem oper-
ates valves that control gas flow. The lift oil system aflows the turbine to rotate at low speeds on startup and
shutdown. The Ruwd typically used in lubricating oil systermns is mineral oil. The fiuid used in hydrauiic oil sys-
tems s mineral oil where the system shares the same tank as the lubricating oil syslem. If there is a sepa-
rate tank the fluid may be mineral oil or a less flammable hydraulic fiuid. Table 4 gives information on lube
oil and hydraulic oil systems for three major turbine manufacturers. The fluid quantilies are for 60 Hz
machines. The lubae o quantities would be greater for 50 Hz machines.

Q2002 Factory Mutual Insurance Company. All rights resarved.
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Frg. 11. Arrangernen! of waler reservoir and air cylinder for waler mist system. (Securiplex)

Q2002 Factory Mutual Insurance Company. Ali rights reserved.
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Table 4. Lubrication and Hydraulic Oll Systems for 60 Hz Gas Turbines

g 12. Nozrzir for water mist system.

Lube Ot System Hydraufic Oft system
Ratiny Tenk Fow Pressure Tank Row Pressure
Mfr. Model MWwe (gal) (gpm) (psi) (gal) (gpm) (psi)
ABB GT 8C 53 Main-5,000 840 100 265 55 360
Aux-1,700
GT BC2 57 same same
GT 11N2 115 4,000 450 94 same
GTY 22 183 5880 665 87 none 55 580
GE Frame E 40 3.000 500 t2ank-100 psi none 1030 1500
Mode! 6B bearings-25 psi
Frame E 80 3500 ™ 500 same 150 @ same
Mode! 6E
Frame E 115 3,500 M 500 same 250300 sama
Model %€
Frame F 70 6500 ™ 700-750 same 50 ™ same
Model 6F
Frame F 175 6.500 " same 150 @ same
Model TF
Freme F 240 6.500 same 250-300 same
Mode) 9F
Siemens | Model 82 80 3.350 325 tank-77 psi 100 20 300
bearings-20 psi
Model 84 2 100 3,500 400 same 200 same 2400
Modet 843 | 170 3.750 same same 80 same 2500

(1) Gonaratang sl is avaiadle with both gas turbine and steam turbine. The ube of ruanty given is for he gas turbme onty. If steam turtvne
is provided lube oil quantities would be 50% greater hhan shown.

(@) ¥ Mere is gas Wwrbine only mineral ol & wsrd as the hydrawlic fluid. The supply s from the Tube il tank. If combmed cydtle a sepamte
mdhaulic system is usad wikh Fryque! EHC, an Approved hydraulic Nuid.

Q2002 Factory Mutual Insurance Company. All rights reserved.
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C.4 Reignition in Gas Turbines after Flameout

If a lameout occurs in a gas turbine, the flow of fuel must be shut off quickly. If fuel continues to flow for a
petiod greater than the autoignition delay time of the particular fuel in use, it will reignite in an uncontrolled
manner.

The cutoff of fuel involves three sleps: 1) sensing flameout, 2) detecting flameout signal by the control system,
and transmitting signal to the fuel shutaff vatve, 3) closing fuel shutoft valve.

Flameout is sensed by flame detectors mounted on the combustor casing, amed through an opening in the
combustor liner et the lame. Figure 13 shows an ultraviolel lame detector suitable for this application. This
deledor can sense the absence of flame in 200 ms. Two such devices are usually installed, located at the
top two combustlor cans, or al the lop of single-can or an annular combustor. The sensors are driven through
an amplifier by d.c. voltage. When the sensor is excited by a source of ultraviolet radiation it transmits pulses
of current at a frequency rorresponding to the intensity of the radiation source. These pulses are inte-
graled in lhe amplifier, that provides an outpul signal of zero voltage for fiame, and plus voltage for no Aame.

Each of the two Nlarne detectors produces a signal at one of the two output lerminals of the amplifier. These
signals are transmitiad to a programmabla controller that scans the inputs and makes an appropriate daci-
sion. If both inputs provide a zero signal (indicating that both deteclors are stvowirg lame) no action is taken.
But if only one input is plus, an alarm is actuated; if both inputs are plus (indicating flameout at both detec-
tors), the fuel valve instantaneously closes. This voting arrangement avoids spurious trips that could occur
if one setwor is affected by something extraneous, il its quariz lens is cdlouded by smoke, or i it becomes
inoperative. The mpul logic is typically scanned eighl times a second. This means that il could take 125 ms
lo detect a lameout.

The ttird phase of fuel culoff doses the fuel slop valve. This valve may be up to 4 in. (10 an) diameter for lig-
urd fuels and up to 8 in. (20 cm) for gaseous fuels. In older gas lurbimes this is a two-position oil-relay type
valve is normally closed (NC) and is opened on start up and held opened during operation by hydraulic pres-
sure. When emergency shutdowm is required, a relay-operatled solenoid vatve dumps the hydraulic fluid to
drain, and the stop valve closes under spring load. A 3 in. (7.5 cm) valve doses in 300 ms. The time from
flameout to fuel cutoff is estimated to be 675 ms.

In cwrrent instafiations, the fudd stop-vatve is usually a solenoid valve. It should be nomally dlosed, that is,
il opens when the solenoid is energized, and doses under spring load when de-energized.
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It is possible to design a 3 in. (7.5 cm) semi-direct lift intemal-pilot valve to close in 100 ms with liquid fuel.
It is estimated that an 8 in. (20 cm) internal pilot valve shoutd close in 200 to 250 ms with gaseous fuel.

It is, therefore, possible 1o detect Rameout, evaluale the dedsion logic, and cut off the fuel flow to the

combustor in less than 750 ms, even in the largest gas turbines. In smaller machines, it may be possible to
athieve thws i 500 ms.

C.5 Less-Flammable Lubricants And Hydraulic Fluids

Fresesistant lubhnicants have been used in gas lurbmmes for over twenty years. They have not been widely
uzed due 1o: a) cos! of the lubricants, b) cost of conversion of lubrication and hydraulic syslemns o use less-
flammable fluids, c) toxicity which requires special handling, d) emulsification with water, requinng spacial
reatrnent, and e) ecoioxicily, requiring special recovery methods.

Synthetic fluids have been developed to overcome toxicity and emulsification concems. The cost of less
flammable lubricants are considerably more than mineral oil. However, if the manufacturer’s recommenda-
tions are oNlowed, the Thuid should last the lifetme of the turbine. Caution should be used when consider-
ing a change o less lammable Auids in an exishing turbine. The turbine manufacturer should be consulted
to ensure the fluid is compatible with piping, paint, gaskets, and “o” rings in the system. If the inside of the lube
o tank is painted this may prevent retro illing with less flammable fluids. Less lanmmmable fuids have higher
flash points and autognition temperatures than mineral-based fuids. Sprays of these fluids can ignite on
contact with a hot surface but they do not continue to bum after lowing away from the hot surface. Less
flammable lubricants are listad under the less lammable hydraulic fluid section n the Approval Guide. Two
luids which have been used as lubricants for gas turbines are: Reclube Turbo fluid 32BGT made by FMC
Corporation and Fyrguel GT made by AKZO Nobel Chemicals. Both fluids are listed as Group il less
flammable hydraulic fluids.
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