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ANEXON°4 

Sistema de Oleoductos 
El sistema de oleoductos conectara las facilidades de producci6n con la planta de 

mejoramiento en Jose, estara formado por 2 line as paralelas cada una de 315 Km de 

longitud. La "Tuberia de Diluente" transportara diluente desde Jose al CPF y la "Tuberia 

de Crudo" transportara crudo desde las Instalaciones de Campo hasta Jose. 

El diluente reducira la viscosidad del crudo pesado y su gravedad de 8,50 API hasta una 

gravedad de aproximadamente 16,60 API para permitir su bombeo y transporte. La 

tuberia de diluente constara de dos segmentos: 

~ El primero entre Jose y el punto llamado Patio de Tanques Oficina (PTO) sera de 

175 Km de largo, y 

~ El segundo segmento desde el PTO hasta las Instalaciones de Campo con una 

longitud de 140 Km. 

Ambos segmentos se construiran usando tuberias de 20", con el fin de proveer de 

diluente a otros proyectos en el area como por ejemplo el Proyecto Hamaca; puesto que 

los requerimientos originales de tuberia del Proyecto son de 16" de diametro desde Jose 

a PTO y de 12" entre PTO y las Facilidades de Campo, esto. 

Durante la Fase de Producci6n de Desarrollo, el oleoducto de diluente transportara Oso 

Nigeriano 0 un sustituto apropiado desde Jose al CPF. Una vez iniciadas las actividades 

del mejorador, el crudo se procesara en el para obtener sincrudo, recuperandose del 

proceso nafta (derivado de petr61eo con alta gravedad API) que se utilizara como 

diluente, una vez bombeado al Centro de Procesamiento de Crudo en el area de 

producci6n; de manera que se aprovechara la nafia, excepto en ciertos periodos de baja 

producci6n del mejorador. 
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Por otra parte, la tuberia de crudo constara de un segmento de tuberia de 30" de diametro 

entre las instalaciones de campo en Cerro Negro y PTO (140 Km), un nuevo segmento 

recientemente construido por PDVSA P&G de 42" de diametro entre PTO y el KM-52 

(120 Km), y una ultima secci6n entre KM-52 y Jose de 42 pulgadas de diametro (55 

Km). 

Para la tuberia de crudo, el Proyecto ha obtenido los derechos para la conexi6n y uso de 

la tuberia de 42" de diametro entre PTO y Km-52, propiedad de PDVSA P&G. Las 

lineas de conexi6n desde el centro de procesamiento de crudo al PTO y desde el Km-52 

a Jose seran propiedad del Proyecto, quien asumira el disefio, construcci6n y operaci6n 

de estas tuberias, que ademas tendran dimensiones superiores a la capacidad requerida 

para permitir el uso del sistema por otros proyectos. 
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7 



ANEXOS 
CAPiTULO 1 

ANEXON°5 

Planta de Mejoramiento 
El centro de mejoramiento esta disefiado para mejorar el petroleo crudo extra pesado que 

contiene asfaltenos, nitrogeno, componentes de azufre, y metales pesados, para producir 

un crudo sintetico adecuado para los requerirnientos en los procesos desarrollados en la 

Refineria Chalmette y en el Sistema de Refineria de Veba. Ademas separara el diluente, 

el cual sera reciclado y enviado a las instalaciones de produccion. 

Los procesos principales involucrados son: desalacion, destilacion de crudo, 

coquificacion retardada e hidrotratarniento de nafta, y como procesos complementarios 

se encuentran: regeneracion de aminas, tratarniento de aguas agrias y recuperacion de 

azufre. 

El crudo diluido es desalado previamente antes de cualquier proceso con el objeto de 

proteger las unidades contra la corrosion. La unidad de destilacion separara el diluente y 

algunos destilados del crudo desalado dejando el residuo largo a fondo del barril para la 

unidad de coquificacion, 

El mejoramiento esta basado en el uso de la tecnologia de coquificacion retardada, el 

cual es un proceso de craqueo termico que a partir de la fraccion pesada alimentada a la 

unidad de coquificacion retardada produce un ran go de productos que incluye gases, 

gasoleos, nafta, destilados, carbon solido (co que) y azufre. 

A continuacion se describen las principales unidades de proceso destacando sus 

capacidades, funcion, insumos y productos y la interrelacion entre ellas. 

U.C.A.B. 
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1. Unidad de Destilacion Atmosferica 

Esta unidad sera disefiada para procesar aproximadamente 149.000 BPD de crudo 

(16-17° API), constituido por una mezcla de crudo cerro negro (77%) con nafta 

(23%). 

Las principales funciones de esta unidad son: recuperar la nafta que se utiliza como 

diluente para ser reciclada hacia el campo de produccion, y preparar la alimentacion 

de la unidad de coquificacion retardada. Esto es realizado en una sencilla torre de 

destilacion que opera cerca de la presion atmosferica 

EI crudo diluido es precalentado con algunas corrientes de proceso, antes de 

someterlo a la etapa final de deshidratacion y desalacion para remover residuos de 

agua y sal en el crudo. Mediante un homo el crudo es calentado hasta 700 of antes 

de ser alimentado a la torre de destilacion atmosferica para su separacion en los 

siguientes subproductos: 

~ Gas 

~ Nafta (C, - 380 OF) 

~ Kerosene / diesel (380 - 630 OF) 

~ Gasoleo liviano / pesado (630 - 740 OF) 

~ Residuo atmosferico (740 OF +) 

EI gas es enviado a la planta de gas integrada a la unidad de coquificacion retardada, 

para su procesamiento y posterior uso como combustible de homos y calderas. La 

nafta es almacenada en tanques, para su envio al CPF. Aproximadamente el 50% del 

residuo atmosferico se alimenta a la unidad de coquificacion retardada. EI resto se 

mezcla con los otros destilados obtenidos y se utiliza en la preparacion del crudo 

mejorado de exportacion. 

U.C.A.B. 
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2. Unidad de Coquificacion Retardada 

Esta unidad procesara 48.000 BPD de residuos provenientes de la unidad de 

destilaci6n atmosferica, La funci6n de esta unidad es convertir el residuo 

atmosferico en otros productos que permitan mejorar la cali dad del crudo de 

exportaci6n, aumentando asi su valor comercial. Este proceso de craqueo termico 

convierte el 64% (en peso) de la alimentaci6n en productos liquidos, 8% en gas y el 

28% restante en carb6n s6lido. 

EI residuo es sometido a un calentamiento rapido en el homo de la unidad hasta 

llevarlo a 925 of, y luego es enviado a los tambores de coque donde se completa el 

craqueo termico iniciado en el homo, convirtiendo el liquido en coque y vapores 

hidrocarbonados. La unidad consta de 4 tambores y 2 homos, y el proceso de 

coquificaci6n se realiza en ciclos de 18 horas para la deposici6n del coque y 18 

horas para cortar y remover el coque de los tambores, 10 cual resulta en un ciclo 

total de 36 horas para cada tambor. 

Los subproductos obtenidos en esta unidad son: gas, nafia, destilado liviano y 

gas6leos pesados. EI gas y la nafta producidos son enviados a la planta de gas donde 

todo el gas es tratado con aminas para remover los compuestos de azufre, y luego es 

enviado al sistema de gas combustible del mejorador. La nafta por su parte, es 

estabilizada mediante la remoci6n de los hidrocarburos livianos, y luego es enviada 

a la unidad de hidrotratamiento para mejorar su calidad. Los destilados y gas61eos 

producidos son utilizados directamente en la preparaci6n de crudo mejorado de 

exportaci6n. 

Durante el ciclo de remoci6n de co que de los tambores, este es enfriado y luego 

sometido a un proceso de corte con agua a alta presi6n dentro de los tambores. 

Coque en trozos y agua salen por la secci6n inferior de los tambores hacia la fosa de 

almacenaje de la unidad. EI agua es continuamente recuperada y tratada para su 

reutilizaci6n en el proceso de corte del coque que luego es transportado en camiones 

UC.A.B. 
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desde la planta hasta el patio de almacenaje de co que del Complejo Industrial de 

Jose, el cual se encuentra adyacente al muelle de carga. 

3. Unidad de Hidrotratamiento de Nafta 

Esta unidad tendra una capacidad de 6.000 BPD en terminos de nafta craqueada; 

tiene como funcion principal saturar con hidrogeno los compuestos altamente 

inestables y formadores de gomas y residuos, como olefmas y diolefinas, esto 

permite prevenir la formacion de sedimentos durante la preparacion del crudo 

mejorado y durante su almacenaje, transporte y posterior reprocesamiento en las 

refinerias de destino. Adicionalmente, removera el 95% del azufre total presente en 

la nafta, de manera que el proceso contara con dos etapas de reaccion; la primera 

consiste en un reactor de saturacion de diolefinas y la segunda de desulfurizacion. 

La corriente de gas resultante es enviada a la planta de gas para su tratarniento con 

aminas, y su posterior empleo como gas combustible. 

4. Unidad de Purificacion de Hidrogeno 

El hidrogeno requerido para el proceso de hidrotratamiento de la nafta se obtendra 

mediante la purificacion de una 0 mas corrientes ricas en hidrogeno (70 - 80% de 

pureza). La tecnologia a ser utilizada es una unidad paquete tipo PSA ("Pressure 

Swing Adsorption") con la cual se logra una corriente de hidrogeno con una pureza 

del orden de 99%. 

La unidad PSA constituye un proceso no criogenico de separacion de gases que 

opera mediante la adsorcion y desorcion selectiva de los componentes de la 

corriente. La unidad consiste en un par de tambores operando en ciclos altemados 

para lograr una operacion continua de separacion. El agente secante-adsorbente es 

del tipo tamices moleculares de carbon 0 zeolita y es sometido a continuas 

adsorciones y regeneraciones hasta agotarse. El proceso separa fisicamente el 

hidrogeno de los compuestos mas pesados e impurezas, los cuales son enviados al 

sistema de tratamiento del gas combustible en el gas de purga. El hidrogeno es 

comprimido y enviado a la unidad de hidrotratamiento de nafta. 

U.C.A.B. 
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5. Unidad de Regeneracion de Aminas 

Esta unidad, tambien conocida como recuperadora de gas acido (gas rico en sulfuro 

de hidr6geno y atnoniaco), tiene como funci6n el despojamiento de compuestos 

sulfurosos y amoniacales de la amina utilizada para la limpieza y procesamiento del 

gas combustible del mejorador. Esta unidad tendra capacidad para regenerar 29.000 

BPD de Mono-Etanol-Amina (MEA) rica en compuestos sulfurosos y amoniacales. 

La MEA rica es alimentada a una torre para despojarla de los compuestos sulfurosos 

y amoniacales, dando lugar a la corriente de gas acido que se envia como 

alimentaci6n a la planta de recuperaci6n de azufre. 

La MEA regenerada, tambien conocida como MEA pobre, una vez reacondicionada 

mediante su filtraci6n y la adici6n de productos anticorrosivos y antiespumantes, es 

reutilizada en las torres de tratamiento para gas combustible de las unidades de 

hidrotratamiento de nafta y de la planta de gas del coquificador. 

6. Unidad de Tratamiento de Aguas Agrias 

Esta unidad consiste de una torre y un calentador, disefiados para despojar hasta 

13.000 BPD de aguas agrias recolectadas de las divers as unidades del mejorador. El 

gas agrio (gas rico en sulfuro de hidr6geno y amoniaco) producido es enviado a las 

unidades de recuperaci6n de azufre para su procesamiento. EI agua despojada es 

reutilizada en las unidades de coquificaci6n retardada, hidrotratamiento de naftas y 

destilaci6n atmosferica, 

7. Unidades de Recuperacion de Azufre 

El mejorador tiene dos unidades de azufre gemelas, cada una con capacidad para 

procesar la totalidad de los gases acidos y agrios generados en la planta. Se estima 

recuperar 115 TMD de azufre elemental en estado liquido, mediante la conversi6n 

del sulfuro de hidr6geno (H2S) presente en los gases acidos y agrios. El azufre 
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producido sera desgasificado, almacenado y enviado a una unidad de solidficaci6n 

antes de ser transportado en camiones hacia el area destinada para su exportaci6n. 

Seguidamente se presenta el diagrama simplificado del mejorador: 

16,6° API 
105 MBD 

2.340 TID 
1 COQUE 

110 TID 
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ANEXON°6 

Facilidades de Carga 
Las instalaciones de carga incluiran todos los sistemas necesarios para el transporte de 

productos liquidos y s61idos desde el almacenaje hasta el embarque. Las facilidades de 

carga constaran de: Instalaciones de Manejo de Liquidos e Instalaciones de Manejo de 

Solidos. 

~ Instalaciones para el Manejo de Liquidos 
Las facilidades para el manejo de liquidos estaran situadas en el area de Jose y 

constaran de instalaciones de almacenamiento, plataforma de embarque y 

desembarque ubicada a 7,5 Km de la costa de Jose; tuberias submarinas que 

conectaran la plataforma y las instalaciones de almacenamiento y una estaci6n de 

bombeo para cargar los barcos. Las facilidades para el manejo de liquidos estara 

capacitada para embarcar mas de 800 MBD de crudo y recibir 20 MBD de diluente. 

Luego de la puesta en marcha del mejorador, el sincrudo sera almacenado en tanques 

construidos en Jose, y bombeado a las instalaciones de manejo de liquidos para su 

exportaci6n. Se espera concluya su construcci6n a mediados de 1999 para su uso 

durante la Fase de Producci6n de Desarrollo para la recepci6n del diluente y 

exportaci6n del crudo diluido a las Refinerias de Chalmette y Ruhr Oel. Las 

operaciones de coordinaci6n de las exportaciones y los movimientos de liquidos y 

solidos a traves de los diferentes terminales estaran a cargo del Agente Operadora 

Cerro Negro. 

~ Instalaciones para el Manejo de S61idos 
El Proyecto usara las facilidades para manejo de solidos construidas por Petrozuata 

en Jose, las cuales seran completadas a finales del afio 2000. El coque y el azufre 

producido en el mejorador seran trasladados hasta dichas instalaciones por transporte 

U.C.A.B. 
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terrestre, y mezclados con coque y azufre de cali dad y caracteristicas similares, 

producidas por otros usuarios de las instalaciones. 

La capacidad del terminal se espera sea de aproximadamente 11.000 TPD, suficiente 

para adoptar los requerimientos de Petrozuata de aproximadamente 3.200 TPD de 

coque y 150 TPD de azufre, y los del Proyecto mismo de aproximadamente 2.040 

TPD de coque y 110 TPD de azufre. Es importante destacar que se preve un 

expansi6n en la capacidad del terminal por la inminente puesta en marcha del 

proyecto Hamaca, con 10 cual se manejarian alrededor de 15.000 TPD de s6lidos en 

lugar de las 11.000 TPD mencionadas anteriormente. 

La siguiente tabla describe los volumenes de s6lidos de cada uno de los proyectos en 

la Faja del Orinoco: 

PRODUCCION 

cOQu£ 

1999 2000 2001 2002 2003 

3.150 3.150 Petrozuata 3.150 3.150 

Sineor 4.960 4.960 

Cerro Negro 2.340 2.340 2.340 

Hamaea 4.500 4.500 

Total Coque 14.950 3.150 5.490 14.950 

PRODUCC/ON 

AZUFR£ 

200 200 200 200 Petrozuata 

Sineor 1.000 1.000 

Cerro Negro 115 115 115 

Hamaea 600 600 

Total Azufre 200 1.915 1.915 315 
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ANEXON"7 

PERFORACIONICOMPLET. POZOS 

ADQ.MAT.lEQUIP. TANQ.FACIL.PROD. 

INSTALACIONES DE PROD. ( 60 MaD) 
• 

'INSTALACIONE:S DE PROD. ( 120 NBD) 

ADQ. MA T.I CONST. OLEODUCTO 

, ARRANQUE PRODUCCION DESARROLLO 

rIOV. TIERRA EN JOSE I I NST. 

IPC IVEJORADOR DE JOSE (CONI'. NEC.) 
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ANEXON°l 

DESCRIPCION DE LOS PROYECTOS DE PRODUCCION 

~ Perforacion de exploracion: Perforacion de pozos en un area no probada con el 

proposito de encontrar nuevas reservas 

~ Perforacion de desarrollo: Perforacion dentro de un area probada de un yacimiento 

de petroleo 0 gas, a la profundidad de un horizonte 0 arena que se conoce como 

productiva 

~ Perforacion de avanzada: Perforacion con el proposito de delinear los limites 

geograficos de los yacimientos desarrollados 

~ Reacondicionamiento y recompletacion de pozos: Comprende las actividades de 

reacondicionamiento y reparacion de pozos. 

El reacondicionarniento implica cambios 0 modificaciones en los intervalos de 

produccion 0 yacimientos, bien sea para normalizar el rendimiento de gas asociado, 

evitar demasiada produccion de agua con nata 0 cambiar el horizonte abierto a la 

produccion. 

Las reparaciones incluyen trabajos relacionados con el reemplazo de equipos del 

subsuelo y operaciones para corregir dafios en el revestidor, sin cambiar de 

horizonte productor 

~ Recuperacion secundaria: Comprende la inyeccion de gas y/o agua para mantener la 

presion y desplazar cantidades adicionales de petroleo del yacimiento 

~ Inyeccion alternada de vapor: Proceso termico de recuperacion mejorada durante el 

cual se procede a enviar vapor de agua al yacimiento en forma discontinua, pero 

U.C.A.B. 
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regula. El calor del vapor introducido aumenta la temperatura del yacimiento y 

disminuye la viscosidad del petr6leo, resultando asi en un notable aumento de su 

movilidad y en las tasas de producci6n del crudo 

~ Levantamiento artificial por gas: Consiste en suministrar gas a elevada presi6n al 

pozo, para aumentar su aporte 0 inducirlo a producir cuando no es capaz de hacerlo. 

Este metodo es utilizado en Venezuela para producir crudos livianos medianos; sin 

embargo, el mismo ha tenido limitada aplicaci6n para producir crudos pesados, 

debido principalmente al aumento de viscosidad del crudo por enfriamiento durante 

la expansi6n del gas 

~ Conservaci6n y utilizaci6n del gas: Incluye sistemas de recolecci6n y distribuci6n de 

gas a los campos, plantas de compresi6n, etc., para utilizaci6n del gas e instalaciones 

para inyectar gas con el prop6sito de almacenarlos 

~ Plantas de gas licuado de petr6leo (GLP): construcci6n de plantas para la producci6n 

de gas licuado de petr6leo, el cual se encuentra formado por hidrocarburos de 

petr6leo, los cuales son gaseosos a presi6n y temperatura ambiente, pero pueden ser 

licuados mediante la aplicaci6n de presi6n para ser almacenados y transportados 

como liquidos. Adicionalmente incluye las instalaciones y equipos, para la 

extracci6n y fraccionamiento de liquidos del gas natural y licuefacci6n a baja 

temperatura 

~ Oleoductos y terminales: Comprende la construcci6n de tuberias para bombear 

hidrocarburos desde los tanques del sistema principal de almacenamiento hasta los 

tanques de almacenamiento en los terminales de embarque 0 hasta el punto de 

entrega en una refineria; asi como tambien involucra la construcci6n de terminales 

de embarque requeridos para almacenar y embarcar hidrocarburos des de la entrada a 

los tanques de almacenamiento de los terminales, hasta los atracaderos de carga de 

U.C.A.B. 
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los tanqueros. En otras palabras, incluye los costos de las instalaciones y line as de 

recolecci6n, lineas troncales, estaciones de bombeo, terminales de embarque, etc. 

~ Instalaciones de producci6n: Construcci6n de la planta a emplearse directamente en 

la producci6n 0 extracci6n de hidrocarburos, as! como de la infraestructura de apoyo 

a las actividades de producci6n de petr6leo 0 gas. Incluye los costos de equipar 

pozos de producci6n, el costa de instalaci6n de estaciones recolectoras, unidades de 

separaci6n a bajas temperaturas, instalaciones electricas secundarias, sistemas de gas 

combustible, carreteras menores de campo, sistemas de protecci6n cat6dica, 

suministro de agua para las operaciones, etc. 

~ Protecci6n ambiental: Actividad dirigida a la protecci6n, conservaci6n y 

mejoramiento del ambiente en las areas operacionales. Incluye equipos de 

contenci6n y recolecci6n de derrames, sistemas de detecci6n de fugas, instalaciones 

para eliminar humo, plantas para clarificar y tratar aguas, instalaciones para disponer 

de aguas, etc. 

~ Otras inversiones: Costo de instalaciones basicas que dan apoyo a las operaciones de 

producci6n de as y petr6leo no incluidas en los renglones anteriores. Ejemplos: 

carreteras primarias, plantas electricas, aeropuertos, sistemas de comunicaciones, 

muelles de lanchas, puentes principales de transmisi6n de electricidad, etc. 

U.C.A.B. 
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ANEXON°2 

Indicadores Econ6micos 

Todo proceso de inversi6n genera un flujo de caja anual durante el horizonte econ6mico 

establecido. Estos flujos de caja por si solos no ofrecen informaci6n facilmente 

interpretable, por 10 cual se han desarrollado una serie de f6rmulas que permiten obtener 

unos indicadores econ6micos, cuyos resultados ofrecen una orientaci6n acerca de la 

conveniencia econ6mica de un proyecto. 

~ Valor Presente Neto (VPN) 
Conceptualmente, el "Valor Presente Neto" corresponde al valor actual de todos los 

flujos de efectivo neto (Ingresos - Egresos) determinados para una propuesta 

conforme su horizonte econ6mico. 

Para calcular el valor actualizado del flujo de efectivo, este se descuenta a una tasa 

de interes dada. La sumatoria de los flujos de efectivo descontados, que estructuran 

la propuesta, constituyen el Valor Presente Neto. Su expresi6n matematica es: 

VPN = _~ + ± (-An +ITn -CTn) 
nO] (1 +Tdf 

donde: 

A: Inversiones. 

IT: Ingresos totales. 

CT: Costos totales. 

Desde el punto de vista de la evaluaci6n econ6mica de propuestas el valor presente 

neto corresponde a la diferencia entre el valor de la inversi6n, el cual por definici6n 

es un valor actual y la sumatoria de los flujos de efectivo de operaci6n descontados a 

una tasa determinada. 
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Es asi como el VPN corresponde al valor actual del dinero que se obtiene, por 

encima del monte minimo esperado, al ejecutar un proyecto de inversion. El 

VPN puede considerarse el indicador de mayor certeza en la determinacion de la 

oportunidad de invertir. 

Tasa Interna de Retorno (TIR): 
Se denomina tasa interna de retorno a la tasa de interes promedio que iguala que 

iguala el valor presente de una serir de ingresos y gastos con la inversion inicial; es 

decir, es aquella tasa de interes que hace el valor presente neto igual a cero. Desde el 

punto de vista de la evaluacion economica de proyectos corresponde a la tasa que a 

traves del descuento de los flujos de efectivo (actualizacion de los flujos) perrnite 

recuperar la inversion 

Se utiliza cuando se desea obtener una indicacion porcentual del rendimiento del 

proyecto que permita compararlo con el rendimiento de otros proyectos 0 

instrumentos financieros. Matematicamente se expresa como: 

Para que un proyecto pueda considerarse atractivo utilizando el metodo de la TIR, el 

resultado de este indicador debe superar la tasa minima de rendimiento exigida para 

el proyecto. 
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ANEXON°3 

METODOS PARA LA IDENTIFICACION DE PELIGROS 

~ PHA METHODOLOGY 

The "What if?" methodology was chosen as the appropriate technique for this project 

to ensure a rigorous examination of process hazards, as well as potential operational 

problems that could propagate into "serious events. 

"WHAT IF?" PHA STUDY TECHNIQUE 

The "What if " analysis is a hazard analysis metbodology recognized by industry as 

an appropriate method for process hazard analyses. It is a thorough and systematic 

examination of operations and/or processes utilizmg a mulddisciplinary team of 

experienced personnel to review deviations from the design intent. 

A series of n What if?" questions about the design and operation of the facility are 

asked and answered. All of the questions and answers are entered on a standardized 

form completed during the PHA sessions. The purpose of the analysis and report is to 

provide management with a tool to respond to all team findings and 

recommendations. 

Questions are formulated in a "What if?" format on worksheets prior to the PHA 

session. Additional questions are generated by the team. The team discusses tbe 

potential causes and consequences of each item, including human error conditions, 

and the findings are recorded m the CAUSE and CONSEQUENCE. 

Assumed failures of administrative controls (i.e., operatmg procedures, training, 

inspection, and maintenance programs, etc.) were grouped under general headings 

such as "operator 

U.C.A.B. 
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error," ninstallation damage," Xcorrosion," etc., except for those cases in which the 

assumed failure could result m a potentially sigruEicant hazard. In such cases, the 

particular administrative control(s) mvolved are noted m abbreviated form-in 

parenthesis, or are listed in detail. In these cases, the reason for smgling out a given 

administrative control can normally be found in the RECOMMENDATION. 

The existing protection is then discussed and recorded in the SAFEGUARDS. This 

category includes designed-in features such as instrumentation, alarms, shutdowns, 

relief valves, or automatic actions designed to mitigate the occurrence or consequence 

of potential hazards. Normal actions or response actions by operators can also 

provide protection. 

N ext, the team discusses whether current safeguards are adequate, or additional 

protection should be considered. If the team decides a change is warranted to improve 

safety or operability, this is noted in the RECOMMENDATIONS. In some cases 

further study is needed to evaluate a question, and a recommendatign for outside 

study is noted. PHA Study ActionlResponse Sheets are included to assist in tracking 

responses to recommendations generated by the team. 

In this study, comments arose involving start-up and shutdown, since they are normal 

operating ftmstions for this facility. When suggested recommendations arose from 

these discussions, they were noted on the worksheets. The worksheets serve as the 

official record of the PHA sessions and are considered complete as to content once 

the PHA team adjourns and the sessions are concluded. 

FACILITY SITING 

The PHA team evaluated the relative location of equipment amd other components of 

the Central Production Facility. Since the equipment in this facility contains 

flammable hydrocarbons in sufficient quantities to warrant concern for operadons 
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personnel, the proximity of nearby employee population centers (e.g., central control 

building, office building, and maintenance shop and warehouse) was considered. 

The PHA team judged that the production facility appears to maintain adequate 

separation between process equipment (per IRI and Mobil spacing guidelines used as 

references by knowledgeable team members). The facility central control building is 

located approximately 200 feet to the northeast of the process equipment. The PHA 

team expressed concern that grade level releases could impact personnel in the 

building and recommended relocating all buildings further from the process 

equipment in accordance with the standards used at the Jose facility (with API RP 

752 used as an additional resource). 

The distance from withm the production facility to areas occupied by tbe general 

public is so great (over I - 2 miles) as to probably eliminate any risk to the public of 

exposure to potentially flammable vapors. The facility siting information was utiliied 

to qualitatively evaluate the potential consequences of specific accident scenarios 

proposed by the PHA team. Site-specific hazards and safeguards (e.g., access to 

emergency equipment, evacuation routes from the unit) were evaluated by the team 

to develop recommendations to protect operating personnel. 

HUMAN FACTORS 

During the Cerro Negro Project Proposed Scope PHA, in the analysis of each 

drawing, the PHA team identified several tasks of an operational nature which require 

operator interactions with process equipment. Many of these actions are 

representative of the types of tasks performed in the process area investigated and 

require the operator to interact with process control systems. One of the goals of the 

PHA was to identify and evaluate human equipment interactions that may lead to 

possible hazards. The actions may be operator errors, operator manipulations, 

failures, or ergonomic characteristics of the equipment in the Unit. 

UC.A.B. 
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The PHA team included operations persomlel. They described the tasks required to 

operate the unit - those in the control room as well as those tasks completed on the 

specific pieces of equipment. PHA team members endeavored to become familiar 

with the layout of equipment and arrangement of process controls. The PHA team 

members evaluated equipment udlity and useability, and questdoned operations 

personnel to gain understanding of required operator tasks. Also, pieces of equipment 

were judged as adequate or inadequate with respect to the operator's normal work 

activity. The findings of the human factors review and recommended actions are 

included in the minutes of the PHA meedngs 

RESULTS AND ACTIONS 

The PHA discussion worksheets are presented because a potential process deviadon 

often will produce no or only insignificant consequences at the studied location, all 

questions discussed by the team were not fully recorded. 

INTERPRETING THE WORKSHEETS 

When reading the worksheets, the following points apply: There is not necessarily a 

correlation between any particular CAUSE and any particular CONSEQUENCE, or 

between a particular CONSEQUENCE and a particular SAFEGUARD, etc., unless 

specifically noted. Any of the causes may be associated with any of the 

consequences, safeguards, or recommendations. Consequences and safeguards could 

be associated with various causes, depending on severity. 

There are some genenc or universal causes for many process deviations. For 

example, pipe rupture upstream, blockage downstream, or plant off line could all 

cause No Flow at virtually any location. To avoid needless repetition, these generic 

causes are usually not listed. Failures of specific equipment or controls were listed 

where appropriate. 
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Some hazards, such as product contamination, could occur at virtually any location. 

Again, to avoid repetition, such a problem was not recorded for all drawings unless 

additional consequences could be uncovered. 

Many P &ID correcdons were made during the ~ What if?" meetings. These alterations 

were documented by Jantesa personnel without being recorded within the ~ What if?" 

worksheets. 

When the project contained two or more idendcal process trains, the PHA teatn 

analyzed one train; all comments (and recommendations) also apply to the other 

process trains. 
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F_onI 
The Chemical Industry Is an industry concerned wilh innovation. It produces a 

. continual strelm of new procasses and products which sometimes involve working 
al extremes of temperalure, pressllf8, scale of operation or of toxicity. Major 
changes leed in tum to a series of minor changes IS knowledge increases and 
processes .,. optimised. 

There is within tha Industry great and growing awareness of the necessity to 
apply more systematic Ipproaches to safety-illlrticularly in plant design. In 
addilion, there is increasing pressure from society II large for improved standards 
of safety. 

Whenever something new is carried out there is the denger that some part of the 
process will not behave In the expected manner and that such a deviation could 
have serious effects on other parts of the process. 

One technique designed to study such deviations is known as a Hazard 
and Ope"bility Study. This is defined in the British Chemical Industry Safety 
Council publication Safety AudiU in the following manner : 

The application of a fonnal systematic critical ex.mination to the process and 
engineering intentions of the new facilitMI to ."e$$ tha h.zard potenti., of 
mal-operation or maHunction of individual iteml of equipment and the 
consequentMI effects on the facility '1S e who". 

The technique aims to stimulate the Imagination of designers In a systematic 
way so that they can identify tha potential hazards in a design. It Is extremely 
flexible. It can be applied to all types of plant within the Industry ranging from 
large continuous ones such as petrochemical or ammonia plants, through small 
batch units to individual proprietary items of equipment such as autoclaves or 
machines for making sheets of plastic. The technique can be used by small 
organisations •• well as by large ones. 

This guide introducas the technique and has been writtan to give an appreciation 
of the method itsalf, its scope and its value, 

Not. on p....-tnion 
The sequence of chapters has been arranged firstly to convey the basic principle! 
of the technique and then to piece It In context. . 

The distinguishing feature of Hazard and Operability Studies is the 'Examinatio~ 
Session' during which a multi-disciplinary team systematically examines all relevan~' 
parts of a design using a structured but creative approach. As this is the key t 
the whole enterprise it is described first in a chapter devoted to the principles a 
examination. 
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Some preparative work is necessary before the examination and naturally theri 
is follow-up work to deal with and document the hazards exposed. ChaPter~­ 
deals with tha practical procedures for carrying out a Hazard and Operability Stud 
Hazard and Operability Studies ara not an end in themselves but are part of a 
overall procedure for the initiation, design, construction, commissioning an 
operation of facilities. Studies can be undertaken at various stages, the timing o[ 
which is discussed in chapter 4. 

Further aspects are discussed in Appendices. The first three daal with practic~ 
applications including worked examples for various types of ptant. Practical advic 
is given subsequently on how to make a atart with Hazard and Operability Studie 
how to train people to carry them out and how to provide a continuing suppa I 
for those engaged in them. 
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1 INTRODUCTION 
Primarily, safety In the dellgn of chernlc:.1 planlS relies on the application of 
VlriOUS codes of prectice Of design codes which.,. based on the wide experience 
Ind knowledge of professional experts and specialists in the Industry. Such 
application is backed up by the experience of local plant managlfS Ind engineers 
who heVI been involved in limit.. plantJ and who have hed direct experience in 
their operation. 

All new projects ambody some elament of change but in the chemical industry 
the degree of change fIom one plant to the next is oftan considerable. It Is 
important to recognise lhat the body of established experience expressed In codes, 
etc is ~mited by the extent of .xlsting knowledge and can only be relevant to tho 
extent to which it is possible to epply It to new produc1S, new plant and new 
methods of operation involved in tho new design. It has become increasingly clear 
in recent years that although codes of practice are extremely valuable, it Is par· 
ticularly Important to suppIMMnt them with an imaginatiYa anticipation of hazards 
when new projects involve new technology. 

The need to check designs for anora and omissions has been recognised for I 
long time, but this has traditionally been done on an individual basis. Experts have 
usually applied their special skills or experience to check particular aspects of 
design. For example the instrument engineer would check the control tySfems 
and having satisfied himself that the systems were satisfactory would put his mark 
of approval on the design .nd pass it to the next 'expert'. This kind of Individual 
checking, provided It is carried out consciantlously, will obviously improve the 
design but clearly It has little chance of detecting hazards concerned with the 
Interection of a number of functions or specillisms. TheM haurds _ likely to 
result from the unexpected Interaction of M8fY1ingly safe components or methods 
of opanltion under axceptional conditions. If it is wished to study such interactions 
in new designs, the combined skills of I group of expertS Is required. Their total 
knowtadge and Informed Imaginations can be used to Intlclpate whathar the 
plant wiU operate •• Intended under eI' poCSibia circumstances. 

This report provides a method of working for such a group so !h.t.they can carry 
out their task systematically .nd thoroughly. 
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2 THE PRINCIPLES OF EXAMINATION 
Because the examination procedure Is the fundamental part of • Hazard and 
Operability Study, It Is highlighted and described separately In this chapter, 

2,1 1M 8uIc Concept 
Essentially the examination procedure takes a full description of the process. 
systematically questions avery past of It to disco_ how deviations fIom the 
Intention of the design can occur .nd decides whether these deviatiOlll can give 
rise to hazards. 

The Questioning is focussed In tum on every part of the design. Each pan Is 
subjected to a number of Questions formulated around a number of guide words 
which are derived fIom method study tachniques. In effect. the guide words Ire 
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Int.ntIon The intention defines how the part is eJCpected to operate. This can 
take a number of fann. and can be either descriptive or diagrammatic. In many 
cases it will be a flowsheat or line diagram. Other forms •• described in section 3.3. 

O."ietion. These are departures from the intention which are discovered by 
systematically applying the guide wordl. 

C __ • These are the reasons why deviationl might occur. Once a deviation 
has been shown to have a conceivable or realistic cause. it can be treated as 
meaningful. 

Conuqu._. These lie the results of the deviations should they occur. 

USfId to ensure that the questions, which •• posed to test the Intagrity of each 
1*1 of the design, will explant ._., CCJrICeHabIe way In which thlt design could 
deviate from the design intention. ThIs usually producn a number of theoretical 
deviadons and each deviation Is then considIIed to decide how h could be caUl8d 
and what would be the COfIIIqIIenC8I. 

Some of the cau_ may be unreellatlc .00 10 the derived consequences will be 
rejected as not meaningful. Some of the consequences may be trivial end would 
be considered no further. However, there may be some deviations with both 
causes that are conceivable and consequences that are potentially hazardous. 
These potential hazards •• then noted for remedial action. 

Having eJC8mined one pert of the design and recorded any potential hazards 
associated with It, the study progresses to focus on the next part of the design. 
The examination is repeated until the whole plant has been studied. 

The purpose of the examination is to Identify all possible deviations from the way 
the design is expected to work and all the hazerds associated with these devia­ 
tions. In eddition, soma of the hazards can be resolved. If the solution Is obvious 
and is not likely to cause ad_sa effects on other parts of the design, a decision 
can be taken and the design modified on the spet, This is not alweys possible­ 
for eJC8mple, It may be necessary to obtain further Information. Thus the output 
from examinations normally consists of a mixture of decISions and questions for 
answering at subsequent meetings. 

Although the approach as described may appear to generate many hypothetical 
deviations in a mechanistic way, the success or failure depends on four aspects 
i The accuracy 0' drawings and other data used as the basis 'or the study 
il The technical skills end insights of the team 
Iii The ability of the team to use the approach u an aid to their imagination in 

visualising deviations, causes and consequences 
Iv The ability of the team to maintain a sansa of proportion, particularfy when 

assessing the seriousness 0' the hazards which are ldenti'ied 
Because the examination is 10 systematic end highly structured, it is necessary 
that those participating use cartain terms in a precise and disciplined way. The 
most important 0' these terms ere 

He","" These ere conllequenc8s which can causa damage, Injury or loss. 

Guide Wonl. These •• simple words which are used to qualify the intention 
in order to guide and stimulate the creativa thinking process and so discover 
devi.tions. A list of fJuide words is given in Tlble 1 (page 7). 

Z.Z A IlmpI. lE.empl. 
To illustrate the principles of the examination procedure, consider a plant in which 
chemicals A and B react togather to form I product C. Let us suppose that the 
chemistry of the process is such that the concantration of raw material 8 must 
never exceed that of A otherwise en explosion may occur. 

Referring to Figure 1 start, say, with the pipeline extending from the suction side 
of the pump which delivws raw material A to when! it enters the reaction vessel. 

F •••••• ' AN EXAMPLE OF A IIMPLE FLOWlHEET 
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The int~ntion Is partly described by the flowsheet .nd partly by the process control 
requirements to transfer A It some specified rete. The first d,viltion is thlt 
Obtained by applying tha guid, word NOT, DONT Of NO to the intention. This is 
combined with the intention to give 

DONT TRANSFER A 

The flowshllt is then examined to establish the c.u,,, which might produce a 
complete cessation of flow of A. TheM CIU'" could be 
i Supply tank is empty 
ii Pump fails to turn-mechanical f.ilure 

--.lectrlcal failure 
-pump Is switched off, etc 

iii Pipeline is frectured 
iv Isolation valve I. closed 

Clearly soma et least of these are conceivable c.u, •• Ind 10 _ can say thlt this 
is I meaningful deviation. 
Next we consider the consequllnc~i. Complete cessation of flow of A would very 
soon lead to In excess of B over A In the reaction vessel and consequently to I 
risk of explosion. We have therefore discovered e hazard in the design and this is 
noted for further consideration. 

We now Ipply the next guid, word which is MORE. The deviation is 

MORE A IS PASSED INTO THE REACTION VESSEL 

The cause would be that the charecterislics of the pump may. under some circum­ 
stances, produce excassive flow reta. If this c,usa i. Icceptad as realistic, _ 
then consider tha consequences 

The reaction produces C contaminated with an excess of A which goes on into 
the next stage of the process 

Ii The excess flow into tha reaction vessel means that lOme will leaVl tha _I 
by the overflow 

Further infonnation will have to be obtained to decide whether these consaquenca, 
would constitute I hazard. 

The next guide word is LESS. The d,viatlon is 

LESS A IS PASSED INTO THE REACTION VESSEL 

The caa", Ire II little different from those when the deviation WIIS the complete 
CISSItlon of flow of A 

The isolation valve is slightly closed 
II The pipeline Is partly blocked 

UI The pump f.11s to produce full flo_because the Impellers are eroded, or 
-because valves .re worn, etc 
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The conuquttnce Is similar to complete C*ISItIon of flow .nd 10 the potentisl 
haUltl il of • pouible explosion. 

Four further guide word, ere In tum applied to the design Int,ntion of this part, 
to ~ thlt .n c:onc:eMbIe davletJotg •• up~. 

When the pipeline which IntrodUCII I'IW materiel A has been eXlmlned, It is 
marked on the flowsheet IS hIVing been checked. The next pert of the design is 
then chosen for study and this could be the pipeline which Introduces I'IW material 
B into the reaction vessel. This sequence is repeated for every part of the design. 
each line, the _I .uxiliaries such as stirrers, any servIcet to the vessel such as 
the provision of heating end cooling .nd the vessel itself. A chert of the sequence 
is given In Figure 2 .. This perticullr epproach Is sometimes celled the 'line by line' 
method. 

Only under exceptional circumstances Is • wrinan record made of every step of 
the examination. It Is more usual to carry out the steps mentally and verbally in 
discussion .nd to write down only the potential hazard, and their CIUI8$. 

The proposed action Is also noted if It can be agreed streight away. If there is 
IOm8 doubt about the action or if further infonnetion Is required. the mener must 
be brought forward to • subsequen,meetlng. 
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-I z.s M •• nI"". of I1fIIde wonts 
In the simple example we have demonstrated the princiPles 01 the examination 
method by showing how to apply the .Iits! th_ guide words. These are usually 
onightforwllrd and produce easily-undentood deviations. The remaining lour 
guide wonts are not so easily 8ppIied and require lome further explanation. Their 
meanings a.. now iIIustrated-again by relerence to the example shown in 
Figure 1. 

The other related deviation is that which occurs when the design intention is 
Incompletely achieved. The guide words are PART OF and the deviation PART 
OF TRANSFER A. This could mean 
I A component 01 A is missing. Here a knowledge 01 the composition 01 A is 

required 10 the effects of the missing component can be assessed 
W The omission 01 one or more reactors ilthe pump deli-. A to more than one 

reactor. 

!) s.teet •••••••• 
i'\ E xpl." the It,., •• In,-"don of ,.... _...... end III ''''" 

Uect _ line 

.1 eKpla1n the Inttntlon of ,"tine The next two deviations are both qualihllive and all or part 01 the original design 
Intention is retained. Tha first 01 these is a deviation In which some other effect 
occurs concurrently with the design intention. The guide words are AS WEll AS 
and the deviation AS WEll AS TRANSFER A. This could mean 
I The transfer of some component in addition to A. A search of the flowsheet 

in Figure 1 shows an additional Nne with an isolation valve on the pump 
suction. II this valve were not shut. another component might be transferred 
together with A. This raises the possible effects of such a component either in 
its own right or II an inert diluent of A 

Ii The tlllnsier 01 A somewhere else in addition to its transfer to the reactor. 
Inspection 01 the floWSMet shoWi this is possible. It could lor example lIow 
up the line on the suction side of the pump 

iii The carrying out of another activity concurrently with the transfer. For example. 
can A boil or decompose in the pipelines or pump 1 

., Ai>Plv tho flnt ,.,Ide ...,... 

• 1 0....'01» • meeningful devlation 

, 1 E •. .",lne ~ cautII 

• \ E...,ine ConteQUenCeI 

• 1 Detect haz_dI 

to 1 Meke ",lubI. ~Ord 

V Repel' 6-10'or •• ~ meenlntfu' devierionl dtrlwd from firn .,idllfIIIOf'$ 
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IEqJI.n the mtentlon of tt. .,d.,., 
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" 1 Mwtr; •••• xiliery • hIMnt t.en .x~w.d The linal two devietions are again qualitative but none 01 the originll design 
Intention Is retlined. The rllSt olthase is the opposite of the design intention. The 
guide word is REVERSE and the dev;'tion REVERSE TRANSFER OF A. This 
means flow from the reactor back through the pump. The flowsheet is examined 
to see if this is POSSible and the consequences are assessed. 

lastly, there is the complete substitution of the design intention by something else. 
The guide words alii OTH ER THAN and the deviation Is OTHER THAN TRANSFER 
A. This could mean 

The transfer 01 a different material. The lIowsheet is examined to see if this is 
possible. Substitution could arise in a number of ways. For example, the wrong 
mlterial could be delivered or another material admitted via the T piece on the 
luction side of the pump. Infomtation would be gethered on polI&ible material. 
Ind their effacts 
A change In the Implied destination, Ie transfer of A somewhere other then the 
reactor. Inspection 01 the flowsheetshows that this can happen via the T piece 

iii A change in the nature of the activity. For example, can A solidify Insteed of 
being translerred 1 
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"2 T_-.-hI .... 
H8UId end ()per8bility Studies •• normaly c.m.d out by muhl·disc:iplinery 
tNms. n- •• two typn of am II*IIber, namely thole who win mIb I 
tlc:hniCll comributIon end IhoIII who prey I .upponing IIId atructuring role. 

Technit:M tNm n.nIwI 
The eumination requlnI the t8em to hive I dmllId knowledge of the way the 
pIIInt II Intended to work. This IMIIIS I blend of thole COI1CImIId with the design 
of the plant Ind IhoIII concemld with ita opemion. The tlChniqUi. of using guide 
words geMfltll I YfIry large number of qulStionl. For most PU!p0S81 It II 
essentilll that the leam contains enough people with sufficient knowledge and 
experience to answer the majority of those questions without rec:ou,.. to further 
expertise. 

As an aXlmple, I typical small chemical plant would be examined by I team 
consisting of eac:h of the following 

Mechanical engineer 
Chemical engineer 
R&D chemist 
Production manager 
Project manager responsible for the project as I whole 

This group should contain sufficient expertise to provide the nec:essary tectmicel 
Input. Additionally if some members of the team are drawn from those who liso 
have some responsibility for the design of a plant they will be panlcularty 
motivated to produce a successful design and a safe operating procedure. Norm· 
ally these members of the team will have the ne<:lSSIry authority to make changes. 
The blend of disciplines will vary with the type of projec:t. Some projects will 
",quire the Inclusion of diff8l8nt disciplines for example 

Instrument and electrical engi_ 
Civil Ingi,_,. 
Pharmacists, etc 

The t,lm should not be too large, ideally between three and fIVe technical mem· 
bers. If a study seems to require a large number of people it is worthwhile trylng 
to bl8ak it down into _al disparete pans with some variation of tllm compo· 
sition for lech pert. 

The trllnlng of team members I, discussed In Appendix 6. 

The general objectives for I study •• normally 181 by the person responsible for 
the project or for the plant; for axample. the project manager, project engineer or 
the pIInt managef. He Is uaually asisted In this definition by a study leeder (_ 
3 .. 2). The study will be c.m.d out by I 111m Ind the degnIe of luthority given 10 
that team must be decided. The definition Is made IIIier if the menager haa In 
IPPNCiMion of the 8IJprOICh; tnlning COUIWS for managers •• dIseuuacI In 
Appendix 5. 

Supporting t •• m mtlmbm 
Because examination _ions ere highlY ltr\IeIured and very systematic, it is 
-ry to have _ 10 control the diaeusaion. We will call this person the 
'study Ieader'. . 
The study lieder has a role to play throughout I study He should help whoever 
has commissioned the study to define its ecope. He may help with the seleetion 
and training of the tllm. He will edvise on the assembly of the necessary data 
Ind may help convert this into a suitable form. HowaVlr, hi, most obvious role 
emetgeS during the examination _ions whe18 he guides the systematic question· 
ing end he mUll be thoroughly trllned for this job. It is not desirable that he 
should be responsible for making I major technical contribution. If possible, he 
should not have been closely associated with the subject of the study as there is 
I denger of developing blind spotS Ind failing to use the technique objectively. 
But he should have sufficient technical knowlldge to be able to understend and 
control the team discussions. The characteristics end trlining required •• discussed 
in Appendix 5. 

In addition to the study leader It Is sometimes desirable to have a further supporting 
member of the team to make a note of the hazards IS they ere detlCted. This 
person II known IS the study 'secrelery' or 'scribe'. It mlY appear extravagant to 
employ two people in a supporting role. However, experience indicates that this 
errangement greatly Increases the rate of working of the 111m IS a whole. It is 
better to employ seven people for two days rather than six people for four days 
on I glverl study. The training of _ies i, also discussed In Appendix 6. 

7". ,ttitud. o( telm _mbers 
It II Imperltive that the team as a whole S/IOuld have a positive and constructive 
altitude to • study IS its success ultimately depends upon the imaginative thinking 
of the members. 

This positive altitude must be built up from the definition stage onwards. Suitable 
training ,. • great help and should create a climate in which the team members 
ere anxious to stan the study. At times during the examination sessions, some 
team members feel the approach is tedious but a wall·1Id team ultimately derives 
considerable satisfaction from it. design work receiving such I thorough enalysls. 

3.3 Prep_dY. work 
The amount of preperative work required depands upon tha ,lz8 and complexity 
of the plant. In the simplest case, a group of people can work together for a couple 
of hours on I simple flo_heel end complete a study. In general, rather more 
preparation is required. The praparetive work consists of four "Iges 
i Oblein the data 
ii Convert the data into a suitable form 
iii Ptan the sequeIl(:e for the study 
Iv Menge the I'IIC"'Sary meetings 

Typically, the data consists of various drawings in lhe form of line diagrams, 
flow"-ts, plant lavouts, isometrics and fabricetion drawings. Additionally the18 
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ca n be operating instructions, instrument sequence control charts, logic diagrams 
Ind computer program met. OcCMionlIly theN •• pI.nt mlnual. and equipment 
manufacturers' manuals. 

The data must be inspected to milk. sure It is sufficiently comprehensive to co_ 
the defined area of study Ind Iny discrepancies or Imbiguities in the data must 
be resolved. The amount of wor!( required to c~ the data into I suitable form 
and plan t he sequence for the study vlri.1 with the type of plent. 

With continuous plenll the preperltive WOfk is minlRIII. The .xisting flowsheets 
or pipe and instrument diagrams contain sufficient Informetion for the study and 
it is merely necessary to see thet there.re enough copies of each drawing Ivailable. 
Likewise the sequenca for the study is straightforwlrd. The Itudy team starts at 
the beginning of the process Ind progressively wor!(s downstream. A list of 
typical plants of this type together with I wor!(ed example of pen of • Itudy Ire 
shown in Appendix 1. 

In view of the relative aimplicity of the study of continuous processes, most of 
this section and the greater weight of material in the worked examples (_ 
Appendices 2 and 3) •• devoted to the monJ complex Iituetions found In batch 
operations. 

With batch plants the preparative WOI1t II usuelly monJ extensive. In addition to 
drawings which describe the pllnt itself, It II neee_ry to know the sequence of 
plant operations. This can be in a variety of forms-for exemple running instruc­ 
tions, logic diagrams or Instrument sequence diagrams. In some circumstances 
(ag when monJ than one batch of material is baing processed at the same time) 
it may be necessery to prepare a display Indicating the atatus of each vessel on I 
time basis. Again, operators may be physic.lly involved In the process (eg in 
charging vessels) as opposed to simply controlling the process and their activities 
will need to be represented by means of flow process cheri •. 

Sometimes It will not be possible to stan at the beginning of a flowslleet and work 
downatream. Inst.ed the team will stan with the fllSt operating instruction and 
IPply the guide words to it (or to pen of it) and re'er to the line diagram, flow 
process chans, etc, The study leeder will usually prepare a plan for the sequence 
of Itudy before the study I~. A list of typical pIInts of this type together with 
I simplified example Is given in Appendix 2. 

Wrth aome kinds of complicated, proprietlry Items of equipment. the preperative 
work can be extensive and oc:c:upy men man-daya thin the lxamination itaelf. 
Equipment manufacturers ,..Iy supply lufficient information In I form lultable 
for I study, and II a rul. flowsMetl do not exist which show the full intagratlon 
of a proprietary itam of equipment with existing plant. Occasionally __ I 
proprietary It_ from diffetWlt manuflctuNrl •• -mled In IIrieL 

The study leader will oft.n hive to prepate a lUltabie model tailorad to suit the 
lppllcatlon of the technique to the equipment Thll may include a display of Ita 
relationships with operators and with other pilot This preparative WOfk will often 
involve a lengthy dialogu. betw"n the project engi,_, Ind the study leader and 
sometimes Invol,," tha manufacturers II well. The study leader will prepare I plan 

for the study end discuss both the model and the plen with the 111m prior to 
staning the study. A list of typicll equipment which might be lnIIted in this wIlY 
and .., lxample •• giVWI In Appendix 3_ 

Once the dati has been Issembled Ind the mod.1 made (if necessary) the study 
leader Is in I position to stan to errange meetings. The first requirement is to 
estimate the team-hours Meded for the study. This can be built up in I number 
of wave. As a generll rule each individual pin to be studied, ag lach mlin pipeline 
Into I vessel, win take In IIII8f1Ig8 of fift"n minutll team time. The simple 
example shown In f'IQUN 1 should take one Ind I half hours made up of fift~ 
min~ each for the two inlets, two •• the vent end the vessel itself. 

Thus In estimate can be made by considering the number of pipelines and _Is. 
Another w.v to mlk. I rough estimate is to II low two Ind a half hours for 81th 
_I. f'rft~ minutes should Iiso be allowed for each limple vwbII IIItemenl 
such as 'lwItc:h on conveyor', 'motor _', 'conveyor stilts'. 

HIVIng arrived et en estimate of the team hours required, the study leader (or 
sac:ratery) can consider 8IIInging IMItings. ldeilly the durltion of lxamination 
_ionl should be restricted to three hours (preferably In the morning). longer 
periods of examination ere undesireble because It is usually found that effective.­ 
begins to fall off. Under extreme time-pressures, examination sessions hive beerI 
held for two consecutive days but such I programme should be attemptad only 
In very .xceptional circul11ltllnc:ll. 

Ideally thera should be not more thin two ~ per Wftk to allow for the 
follow-up work deIcribed in Section 3.5. This might give rile to cflfflculties when 
Individull members of the team "- to travel to the meeting place. 

Examination lIIISsions should be IIrTlInged to be carried ouf in rooms which lie 
11M from dlstrlc:tions and with plenty of table spac. for floWlheats, cherts, etc. 

Wrth large capltel projects. It II often found that one team cannot CIfYV out •• 
the studies within the time constraints Imposed. It may therefore ba nec:es-v to 
UII I multiplicity of IIImI and lIam 1eIders. One of the 111m leaders should then 
act IS I co-ordinator Ind lllocllI Iac:tions of the design to differwnt tums and 
PI'IPIIW tm. IChedules for the study IS a whole. 

SA The don 1ft •••••• 
The principles have already beerI deIcribed in Section 2 Ind the purpose of this 
c:hapt8r II to add practic:tI 8dvic» on '- theM principles Ire put Into eIfac:t. 

ExaminatIon _ionl era highly structurMf with the study lelder controlNng the 
discussion by following his pradetlrmined pien. If the approach is based on the 
f10wIheet he seIectI the fnt VIIseIlnd ISles the telm to explain Its broad function. 
He IIIects the pipeline or other element of the design Ind ISles the team to maka 
Ita putpOII explicit. This is not alwaya strai9htforwlrd but until .-y mamber of 
the tI8m knows exac:tly whit somathing II suppoeed to do, deviations Clnnot be 
genemed. A limll" ipprOICh is used if the study lIquenca is based on operlting 
InltrUc:1ions. 
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Although the l1udy leader will have p!epBnId lor the study. the technique i. wry 
penetming Ind mI'f expose OIPS in the model or in the knowledge of the tlll1l 
1I*11ben. It mey lOIIIItimes be nec.-y 10 "lbarIte on SOIIM upects during 
the meeting or ~ postpone Clftlin I*1S of the ItUdy in order 10 obtIin moN 
infOllllltion. 

Onci I aec:tion 01 pipeline or I veSMI or In opwlting inltrUCtion hiS been fully 
eumlned. the Itudy IeI<Mt should mIItt his copy to this efflCt. This eMU,.. 
co~hensiw c:overege. Anothflf wey of doing this is thet 0I1CI every pert 01 I 
dllwtng has been exlmined. tha l1udy luder certlf ••• thIt the eumination has 
been compieted In an Ippropriet. box in the flowsheel. 

The l1udy Iud.r then Ipplies the first guide word Ind the tum discussion starts. 
his _imes necessary. penlcu'-fy with In Inexperienced team. lor the study 
IMder 10 .limullte the tllm discussion by liking further questions such as 'Can 

.the flow stop r or 'Does it min. if it SlOpS r AI fer IS possible only probing 
question. should be liked by the Itudy 1eIder. The telm should not only provide 
the IIChNClI In_ but be enc:ouregecI to be a.!hIe end think 01 III the 
de¥iltlons Ind hazards t'_""_' 

AI hazards Ire detected the Itudy leader .hould make sure everyone und.rsllnds 
them. As mentioned eartier, the degrw of problem-solving during the lurnlnltion 
-"'ns CIOn very. There _ two 1"'- positions 
I A solution Is found lor MCh hazIrd as It Is decec:ted before looking for the 

next hazlrd 
ii No MIfCh lor solutions Is ItIItId until III '-'I. haw been'detected 

In pllCtlce there is I cornpromisl. h mey not be epproprilte or even possible for 
a team to find a solution during I meeting. On the other hind. If the sotution Is 
Itrlightforwlrd Ind local, I decision Cln be liken end the design end operIIting 
Instruction modified immediltlly, To SOIIM .xtent, the lbiUty to like InstInt 
decisions depends upon the type of p.nt being studied. With. COfIIlnuous pllnt, 
I decision liken at one point In I· design mI'f not Invllidlte previous decisions 
concerning Pins 01 the pilAt upslrelm which have liready been studied. But this 
possibility IlwIYS has to be considered. For betch pllnts with sequence control, 
lAY Iiterllion to the design or mode of operation could hIV'I 1_1ve 
Impiatlons. 

II I question is noted for fulurel'llluetion. I noll Is Ilso mede of the parson 
nornlnlted to Iollow it up. 

The study IeIder should sum up at the end of the team discussion before starting 
with the next guide word. Ho_, he mUltmlinliin sufficient pace to avoid the 
taam becoming bored Ind eIso he must keep as far IS possible to an agreed 
timeUlbie. To this end it mly be necesserv to t.rminate In erudite discussion 
between two experts by suggesting the point of disegreernent be noted Ind 
resolved outside the ~ing. 

It has alreedy been mentioned that sometimes I study SlCretary is used as well 
I. a study lelder. Secretaries III lJequently employed in either of the following 
cilcumsllnces 

When the examination must be carried out wry quickly beCluse of time 
pressures on members 01 the team 

Ii The study is complex and the leader must guide the t.am using I number of 
sources of information simultaneously. ag a combination olllowsheels, opera­ 
ting instructions, sequence control charts and bar-cherts. The use of a secreIIfV 
enables the leader to concentrate on directing the study 

1.1 Follow-up wortl 
The follow-up to the examination sessions is generilly straightforward, II decisions 
haw been takan concerning changes In design or operating method., these must 
be communicated to those responsible. Any outstanding problems mUlt be 
resolved by obUlining more Information followed by ICtion and there must be 
SOIIM form 01 progress-chasing. 
Sometimes the outpUt from eumlnation sessions consists largely or exclusively 
of questions to be answered liter. A list 01 these mly be compiled by the study 
leader (or secretary) and circuilled tQ the team members. After In intervll the 
team reconvenes in what are called 'Evelultion Ind ICtion _ions'. At these, 
each question is reviewed. progress is noted and where possible, decisions taken. 
One evaluation and Iction _ion can usually dell with the output of two or 
th_ eumination sessions. 
Once a hazard has been discovered, thl kind 01 ICtion needed to provide I •• I. 
system will usually be agreed quit. quickly becIusa in mlny cases there Is an 
obvious remedy to hand. Ho_ in some cases it wi. become ~t thlt 
thare are a number of possible 'Clions Ind the team mey have some difficulty In 
Ig_ing which Is the most effective course to tlke, Actions to conllin hazards 
are generally of lour kinds 
I A changa in the process (recipe, meter;'ls, atc) 
ii A change in process conditions (pmsure, len1perIture, etc) 
Iii An alteration to the ptrysic;al design 
Iv A change of operlting method 
It is important to consider a wide range of possible IClIons end not 10 except 
that every hazard Cln and should be contained merely by en Ilteration 10 the 
physical design. 
When choosing between I number of poesible lCtions It mey be useful to put 
them into two cltegories 
i Those lClions which remove the ClOuse of the hazard 
Ii 1'-' ICIions which reduce the consequences 
In genenl it is batter and more effective 10 ...nov. the hIurd Ind provided the 
study is Clrried out II the design l1age this can usually be done without undue 
expenditure (_ liso Section 4.1). If there is no reasonable prospICI of removing 
the hazard the team will have to consider what CIA be done to protICI people 
and piant if the accident takes place. 
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Onci I _ion 01 pipeline or • ".... Of .n operIIing il1l1rUction his been lully 
eumlned, the study INder Ihould mert his copy to this effect Thi. _ ••• 
COIIIInhenaiw ~. Anocher wlY 01 doing this I. thIt once Ivery pIIt 01 I 
drawing his been ••• mined, the study Iud., certifies thIt the lxaminetion his 
been compieted In an IPPfOI)riIII box in the ftows._. 

The rtudy INder then Ippliea the fnt guide word end the tum discussion _. 
h Is sometimes nec:ISIItY, pertlculeoty with In inexperienced "1m, IOf the study 
INeIer to stlmuiete the tlem discussion by liking lurther questions IUCh al 'Cln 
.the llow rtopr Of 'Does it _ If it rtopSr AI I. n possible only probing 
qlMtion. should be uked by the study 1Nder. The tum Ihould not only provide 
the technical Ins_" but be enc:ouregId to be CNltn.. end think 01 III the 
dwiltions Ind huIfda tlltmMlva 

AI hemds I •• detected the study INder should mlkl sure ewtyane undefstlnds 
them. AI mentioned ..tier, the degNe of problem-solving during the lXAlminetion 
MIIions cen v-r. TheN •• two 1_ positions 
I A solution Is found lot NCh hean:I II It Is dItec:tId befoN looking IOf the 

next hIurd 
ii No -.ch IOf aoIutionlls a.tId until •• '-tis heve been'detIctId 

In practice theN i. I compromise. It IMY not be IPPfOI)riIII Of even possible lor 
I t •• m to find I solution during I ••••• Ing. On the ot ••••. hend, If the solution Is 
rtreightforwlrd Ind Iocel, I decision cen be tlken end the design end operating 
Instruction modified ImmeclilWly. To _ Ixtent the .bi~ty to tikI InstInt 
decisions depends upon the type of piant being studied. With. COfotlnuous pllnt 
I decision tlken II one point In I· design mer not mv.11date previous decisions 
c:onc.ming plltS 01 the pIInt ~ which heYI lireedy been studied. But this 
possibility liwIys his to be c:onsicIeIId. FOf betch pllnts with sequence c:orotrol, 
eny Ilterllion to the design Of IIIOCt. of operation could heYI .xtenslw 
Impiicetions. 

If I quertion Is noted fOf futuN evIIuetion. • note II .Iao midi of the "._., 
nominlNd to loIIow It up. 

The study leader should sum up II the and 01 the teem discussion belo.. stlrting 
with the next guidl wcwd. Ho_, he must meinteln sufficient pec:e 10 .void the 
t.,m becoming boted Ind IIao he must keep •• f ••• possible to In "liNed 
timeteble. To this end il mey be nec:HSIfY to termi"lIe In erudite discussion 
betwMn two •• perts by suggesting the point of diugreement be noted end 
reeoIYed outside the ••••• ing. 

Although the study INder will hew pnapeIWd lot the study, the technique i. v.y 
penllreting .nd mer Ixpose geps in the IIIOCt.I Of in the knowledge 01 the t..n 
members. II mer _imes be nec:HSIfY to ellboretl on _ Ispec:tI during 
the meeting Of even poe!pOne certain perla 01 the IIUdy in Older to obtein 1lIOI1I 
InformIIIon. 

It h •• Itreedy been mentioned thet sometimes I study sec:retery is used IS _II 
•• I Itudy leeder. s.crellries IN frequently employed in .It ••••. of the loIlowing 
CIrcUmstenc:'1 
i When the e.eminltion must be celTied out v.y quickly beceuse 01 time 

prusu ••• on members 01 the t •• m 
The study is. ccwnpie •• nd the lieder must guide the t.1m using • number of 
sources 01 InlOlTnltion simult.neously, "II • wmbinetion 01 flowsheets. oper1I­ 
ting instructions, eequence control cherts and bar-cherts. The use of • eec:retery 
anebles the leader to concentrata on directing the study 

1.1 FoIlow·up wort. 
The loIIow-up to the examinetion MISions is generlily str,;ghtforw.d. If decisions 
hew been takan concerning changes in design or operlling methods. theM mull 
be communiclled to thOle responsible. Any outstanding problems must be 
rasolwd by obtaining more Information loIlowed by lC!ion and there must be 
soma Icwm of progreII-chesing. 
Sometimes the outpUt frcwn examinetion -'ons consists latgeIy Of •• clualwly 
of questions 10 be .nswerld later. A list 01 these mer be wmpiled by the study 
leader (Of IICI8t1ry) and circulated tQ the 111m memba<S. After .n Interv.1 the 
tum neconwnls in whet •• cetled 'Ewlullion .nd ICtIon sasiona'. At these, 
NCh question is reviewed, progress is noted end wheN possible, decisions taken. 
One ev.lultion and ection snsion tin usuany dill with the outpUt 01 two Of 
three e •• minetion _Ions. 
Once I •.•••• rd his been discoYet'ed, the kind 01 ICtIon needed to provide I •• II 
system will usuilly be ev-d quite quickly becIuse In meny CIIII there is In 
obvious remedy to hand. H~ in soma c_ it wi. beccwne eppM8nI thet 
there ••• number of possible ections .nd the team mer haw soma diHic:ulty In 
egreeing which Is the mort .ffective course to tikI. Actions to contlin •.•••• rdI 
•• gen •••• lly 01 lOlA' kinds 
I A cheng. In the process (necipe, materiels. IIC) 
ii A chenge in process conditions (preasu", tempetItUre, etc) 
iii An alteration to the physical design 
Iv A chenge of operlling method 
It is Important to consider • wide range 01 possible ections .nd no! to .xcept 
that every haurd cen end should be wntllned merely by an IIteration to the 
physicll design. 
When cOOosing between • number 01 possible ICtions It mer be Ullful to put 
them into two cltegories 
I Those lC!ions which remow the ceUSl 01 the hIzMI 
Ii ThosIlCtIons which reduce the consequenoea 
In generel it Is better Ind mcwe llIec:tn.. to ..mow the hIurd .nd provided the 
study is celTied out II the design stage this cen ~Iy be done without undue 
expenditu •• (_ .110 Section 4.1). " there is no reasonebIe prospect of removing 
the hazard the team will hew to consider whet an be doni to protect people 
.nd plant if the ac:cident takes pIIc:e. 
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ANEXON°3 

Obras a ejecutar para 18 perforaci6n de los pozos 

La pertoraci6n de los pozos se realizara mediante el metoda de pertorecron 
rotatoria, con motores de fondo y equipos de medici6n y control direccional. 
En el proceso de pertoraci6n, se utilizarsn lodos de perforaci6n a base de 
agua con aditivos quimicos para prevenir el hinchamiento de arcillas, control 
de filtrado y otras propiedades reol6gicas del lodo de pertoracion. 

EI lode se bombeara desde los tanques de mezcla hacia la tuberia de 
perforacion y saldra por el fondo, a traves de la mecha de pertoraci6n, 
arrastrando los fragmentos de rocas (ripios) resultantes de la penetracion en 
el subsuelo. La mezcla de lodo y ripios fluira a la superficie a traves del 
espacio anular comprendido entre la tuberia de perforacion y la pared del 
hoyo. 

A traves de un proceso de separacion, los lodos seran recolectados en un 
tanque donde se acondicionaran para recircularlos nuevamente al pozo, y los 
ripios, se pasaran a traves de un tornillo sin fin y se tratarlm a traves del 
sistema de mezcla con suelos ("Landfarming"). EI esquema de pertoracton del 
Proyecto contempla la pertoraci6n de pozos horizontales y altamente 
inclinados (aproximadamente 84°) que permitan drenar efectivamente las 
arenas superiores, medias e inferiores del miembro Morichal. tal como se 
muestra en la Figura 14. Estos pozos tendran una longitud de 2000 pies de 
seccion horizontal basados en la experiencia actual del area. sin embargo en 
la medida que se disponga de mayor experiencia y la continuidad de las 
arenas 10 permitan. esta seccion horizontal pudiera ser mayor (hasta unos 
4000 pies). Esto se infiere de los analisis de simulaci6n realizados 
recientemente. incorporando las experiencias del programa de perforacion 
confirmatorio y de la interpretacion sismica hasta la fecha. Sin embargo esto 
requiere de mayor estudio y mayor historia de producci6n de campo. 

Estos pozos se perforaran utilizando la tecnica de perforaci6n de radio medio 
con angulos de construcci6n del hoyo entre 5 y 8 grados por cada 100 pies, 
partiendo en superficie de una misma localizaci6n y logrando un 
espaciamiento en el subsuelo entre 400 y 600 metros, segun sea el caso que 
finalmente resulte mas adecuado. Las macollas agruparan 12 pozos en 
superticie dependiendo de la geologia del area. y los mismos tendran disenos 
bidimensionales 0 tridimensionales, segun estan ubicados en el centro 0 en 
los extremos de la macolla. 
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ANEXON°5 

PLOT PLAN DEL CPF 

w -- 

LEYENDA 

• AREA DE ALMACENAMIENTO 

• AREA DEL SISTEMA DE COMPRESI6N DE GAS 

• AREA DE TRATAMIENTO DE CRUDO 

AREA DE SERVICIOS 
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ANEXON°6 

DIAGRAMA DE FLUJO AREA DE TRATAMIENTO DE CRUDO 
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ANEXON°7 

DIAGRAMA DE FLUJO AREA Del SISTEMA DE COMPRESION DE GAS 
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ANEXON°B 
DIAGRAMA DE FLUJO PLANTA DE TRA TAMIENTO DE AGUA 
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HEALTH EFFEClS OF; HYDROGEN SULFIDE 

Hydrogen Sulfide is generally noted by its characteristic 
rotten egg odor. This odor is readily recognizable in low 
concentrations. Prolonged exposure to hydrogen sulfide - 
or even short exposures. at 30 ppm and above - will aHect 
olfactory senses and prevent detection of hydrogen sulfide 
by sense of smell. This is important, since you may not be 
able to depend on your sense of smell to warn you of the 
presence of this gas. 
Hydrogen Sulfide is an irritant. It will adversely affect your 
eyes and respiratory tract, causing irritation that may lead 
to severe pain and incapacitation. 
In high concentration, death can occur rapidly. 

Current ACGIH exposure levels tor hydrogen sulfide gas is 
10 ppm as a time weighted average with a short-term 
exposure limit (STEL) of 15 ppm for 15 minutes. In any 
case, exposures to I¥:Irogen sulfide in concentrations aboYe 
the exposure limits should not be permitted without the 
protection of a self-contained breathing apparatus. Caution 
should be obseMid to protect ears, especially on individuals 
who are aware of having perforated ear drums. These small 
openings have been indicated in the death of individuals 
who were overcome by hydrogen sulfide 6Y8I'l while wearing 
effective respiratory protection, due to the gas entering the 
body through these perforations. 

HzS 
Concentration - 

PPM Effect 

Oto 10 Can smell - no adverse effects should be 
encountered during an 8-hour exposure. 

10t020 Eye irritation. 

20 to 100 Inflammation, corneal blistering and opacity 
of the eye, loss of the sense of smell, 
headache,cough,nausea. 

100 to 300 RespiratOfy difficulty, pulmonal'j edema, 
respiratory depreSSion and irritation. 

300 to 600 Central and peripheral nervoes system 
effects indicated by tremors, weakness, 
numbness 01 extremities, unconsciousness 
and convulsions. 

600 to 1000 Rapid unconsciousness resulting in death 
if emergency aid is not promptly admin- 
istered. 

1000 and aboII8 Immediate cessation 01 breathing and death. 
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ANEXON°2 

CLASIFICACION DE LOS CRUDOS 

Los crudos procedentes de diferentes dep6sitos e incluso de distintos pozos de un mismo 

yacimiento se diferencian unos de otros por sus propiedades fisicas y quimicas. Es 

sabido que precisamente las propiedades del petr6leo determinan la orientaci6n de su 

proceso de tratamiento y refinaci6n, e influyen en forma decisiva en la cali dad de los 

productos de petr6leo obtenidos. La clasificaci6n de los crudos resulta una ayuda para 

elegir el tipo de proceso de refinaci6n, pues refleja la naturaleza quimica de los crudos. 

Existen las mas diversas clasificaciones quimicas, genetic as, industriales y comerciales 

de los crudos, sin embargo, centraremos la atenci6n en la clasificaci6n de los crudos 

segun PDVSA en funci6n de su gravedad, su contenido de azufre y su naturaleza 

quimica. 

En base a la densidad 

De acuerdo a la densidad, los crudos se clasifican en: 

o API Gravedad Especifica 

Livianos > 30 < 0.876 

Medianos 22 - 29.9 0.887 - 0.922 

Pesados 10-21.9 0.922 - 0.999 

Extrapesados < 10 > 1.000 
- 
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Los crudos livianos dan alto rendimiento de gasolina y por 10 general tienen bajo 

contenido de azufre. Tipicamente, de los livianos y medianos se obtienen aceites 

lubricantes. Los crudos pesados y extrapesados se caracterizan por su alto contenido de 

resinas, asi que para obtener aceites a partir de estos, es necesario emplear metodos con 

solventes selectivos, absorbentes, etc. Sin embargo, los crudos pesados y extrapesados 

constituyen la mejor materia prima para la producci6n de asfalto. 

El conocimiento de la densidad de los crudos da una idea de las cantidades de los cortes 

a ser obtenidos, pero no indica la calidad. El contenido de azufre constituye un factor de 

la calidad general. 

En base al azufre 

De acuerdo a su contenido de azufre, los crudos se clasifican en: 

s. % Peso 

Crudos de bajo azufre (dulces) <0.5 

Crudos de mediano azufre 0.51 - 2.0 

Crudos de alto azufre (acido) > 2.0 

El contenido de azufre nos indica la calidad que es posible obtener en los diferentes 

cortes del crudo, y si se requiere de procesos de tratamiento para su comercializaci6n. 
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