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SISTEMA Y METODO PARA LA DETECCION DE HIDROCARBUROS

REFERENCIA CRUZADA A APLICACIONES RELACIONADAS

Esta aplicacion reivindica el beneficio de la aplicacion provisional de patente en los
Estados Unidos, nimero de serie 61/518,615, presentada el 9 de mayo, 2012, la cual se

incorpora como referencia en su integridad.

Ambito de la invenciéon

La invencidn actual se relaciona con la deteccion de depdsitos de hidrocarburos en la tierra.
Maés particularmente, la invencién se relaciona con sistemas y métodos para localizar
petrdleo, gas natural u otros depésitos fosiles, a través de la deteccion, explotacién y

grafico de los rayos beta y gama emitidos de la base de la tierra.

TRASFONDO

La deteccion sismica de petrdleo y gas, puede ser muy costosa, demorada e inexacta.
Adicionalmente, en orden a producir resultados exactos, el grafico sismico a menudo
requiere que el estudio sismico se expanda a las areas que rodean el drea de inmediato
interés. Esto puede ser muy costoso para el grupo que compra o contrata los datos, y en
algunos caos, los datos pueden no ser disponibles para el grupo, en el marco de un tiempo

comercialmente viable.

La radiacién que emana de la tierra en forma natural, como los rayos gama o beta, puede
proporcionar cierta comprension sobre la localizacién de depositos de hidrocarburos bajo la
superficie de la tierra. Esto debido a que los depdsitos de hidrocarburos tienden a bloquear
la radiacién. Por lo tanto, en localizaciones en las cuales se encuentran hidrocarburos,
puede emanar menor radiacién. Sin embargo, tales técnicas para localizar depésitos de
hidrocarburos han sido histéricamente inexactas. Adicionalmente, debido a que el agua

tiende a absorver la radiacion, tales técnicas no han sido usadas en medios bajo el agua.



BREVE DESCRIPCION DE LOS DIBUJOS

Todas las figuras sefialando la imagenologia de los hidrocarburos, son para los propdsitos

de demostracion, exclusivamente.

Ninguna informacion cuantificable sobre hidrocarburos puede ser acumulada de los mapas

¢ informacién mostrada en las figuras.

La figura 1 es un diagrama en bloque de un sensor para receptar la radiacion, de acuerdo

con una caracterizacion de la invencion,

Las figuras 2A y 2B, ilustran sistemas para pasar a través de un area de interés para

medicién de la radiacion, de acuerdo con una caracterizacion de la invencion.

La figura 2C muestra el mapa de un 4rea de interés, de acuerdo con una caracterizacion de

la invencion.

La figura 3A ilustra un sistema aéreo para medir un area de interés, para registro medicion

de la radiacién, de acuerdo con una caracterizacion de la invencion.

La figura 3B muestra el mapa de un area de interés, de acuerdo con una caracterizacién de

la invencidn.

La figura 4A ilustra un sistema para evaluacion subacuosa de un 4rea de interés, para

registrar la medida de la radiacion, de acuerdo con una caracterizacion de la invencion.

La figura 4B ilustra el ensamblaje principal del cable, de acuerdo con una caracterizacion

de la invencion.

La figura 5 ilustra un sistema subacuoso para la medida de la radiacién, de acuerdo con una

caracterizacién de la invencién.

La figura 6 ilustra un sistema sensor para uso subacuoso, de acuerdo con una

caracterizacién de la invencidn.



Las figuras 7A-7B ilustran un sistema sensor subacuoso para montaje en un buque

navegable, de acuerdo con una caracterizacion de la invencidn.

Las figuras 8A y 8B ilustran un sistema subacuoso de un drea de interés para registrar la

medida de la radiacion, de acuerdo con una caracterizacion de la invencion.

La figura 9 ilustra un sistema para determinar la posicién de un sensor bajo el agua, de

acuerdo con una caracterizaciéon de la invencidn.

La figura 10 ilustra un sistema para determinar la posicién de un sensor bajo el agua, de

acuerdo con una caracterizacion de la invencidn.

La figura 11 ilustra un sistema para determinar la posicién de un sensor bajo el agua, de

acuerdo con una caracterizacion de la invencion.

La figura 12A ilustra un mapa y una via para atravezar un area de interés, de acuerdo con

una caracterizacion de la invencion.

La figura 12B ilustra un mapa de perfil que muestra la medida de la radiacién, de acuerdo

con una caracterizacion de la invencion.

La figura 13A-13H muestra mapas' de un d4rea de interés, de acuerdo con una

caracterizacion de la invencion.

Las figuras 14A-14C muestran mapas de un area de interés, incluyendo bloques de rayos

gama, de acuerdo con una caracterizacion de la invencion,

La figura 15 muestra un mapa de un 4rea de interés, de acuerdo con una caracterizacién de

la invencion.

La figura 16 muestra un mapa de un érea de interés, de acuerdo con una caracterizaciéon de

la invencion.

La figura 17 muestra un mapa de un drea de interés, de acuerdo con una caracterizacién de

la invencion.



La figura 18 muestra un sistema para detectar hidrocarburos, de acuerdo con una

caracterizacion de la invencion.

DESCRIPCION DETALLADA
VISION GENERAL

La presente invencion se relaciona con la deteccion de depdsitos de hidrocarburos como
petréleo y gas, por debajo de la superficie terrestre. Las caracterizaciones de los métodos y
sistemas para detectar depositos de hidrocarburos pueden ser usados sobre la tierra, desde

el aire o bajo el agua.

En una caracterizacion, en orden a detectar depdsitos de hidrocarburos bajo la superficie de
la tierra, un sensor puede ser usado para detectar la radiacién que emana de la tierra. La
radiacion puede resultar de isdtopos que actiian en forma natural, como el uranio, potasio,
torio y similares localizados bajo el sustrato terrdqueo. El sensor puede ser movido a lo
largo de la superficie de la tierra, sobre la tierra o bajo el agua, de manera que la radiacién
puede ser detectada a medida que el sensor atraviesa a través de la superficie del area de

interés.

Como el sensor atraviesa el area de interés, el nivel de radiacién recogido por el sensor
puede variar. Por ejemplo, los depdsitos de hidrocarburos como petréleo, gas u otros
combustibles fdsiles bajo la superficie de la tierra, pueden bloquear la radiacion y reducir la
cantidad de radiacion en ciertas areas. En consecuencia, en 4reas donde se encuentran
presentes depositos de hidrocarburos, el sensor puede recoger menor radiacién que en 4reas

donde no hay depositos de hidrocarburos.

El sensor puede ser parte de un sistema de posicionamiento, como GPS u otro sistema de
posicionamiento, de manera que la localizacién del sensor puede estar asociado con cada
medicidn de radiacién del sensor. Esto permite, que la medida de la radiacién pueda ser
usada para crear dos o tres mapas dimensionales del 4rea de interés, basados en las lecturas

de radiaciéon tomadas sobre la superficie del area. Los mapas pueden ser usados para
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determinar locaciones en el 4rea de interés, donde se puedan encontrar depdsitos de

hidrocarburos, y donde la perforacién comercial puede ser factible.

En orden a aumentar la seguridad de los mapas, el sistema puede incorporar otra
informacion. Esta puede incluir informacién histérica sobre pozos de hidrocarburos en el
area, informacion geografica sobre el area de interés, localizaciones de caminos u otras

estructuras construidas por el hombre y otra informacion que es descrita posteriormente.
Sensor

En una caracterizacion, una sensor empleado para detectar la radiacién que emana de la
tierra, puede incluir un recepticulo, al menos un contador de centelleo dentro del
receptaculo, el cual puede convertir la radiacién en pulsos luminosos y un circuito que
puede convertir los pulsos luminosos en sefiales eléctricas y datos para vizualizar y/o

cartografia.

La figura 1 muestra el diagrama de un sensor 10, de acuerdo con una caracterizacién de la
invencion. Como se muestra, el contador de centelleo 100 para detectar la radiacion 101 de
la tierra, puede ser alojado dentro de un receptaculo 102 o sensor 10. Los contadores de
centelleo 100 pueden ser conectados a uno o mds tubos foto multiplicadores 104, que
. pueden traducir pulsos de luz, convertidos de la radiacién detectada moviéndose a través de
contadores de centelleo 100, en signos eléctricos. Un circuito 106, conectado a tubos foto
multiplicadores 104, puede entonces procesar los signos eléctricos para posterior uso
generando un vista, como un mapa. Aunque los contadores de centelleo multiple 100 son
mostrados, el sensor 10 puede tener un contador de centelleo unico 100, en una

caracterizacion.

En una caracterizacion, los contadores de centelleo 100 en el sensor 10, pueden incluir
cristales de lutetio itrio ortosilicato (lyso), bismuto germinado (BGO), talio absorvente
yoduro de sodio (Nal), cerio absorvente lantano bromuro (LaBr3), o similares materiales

\

policristalinos.

Cuando la radiacién, como la gama radiacion, golpea el contador de centelleo 100, éste

puede causar un fotén o pulso de luz dentro de una estructura cristalina del contador de



centelleo. La intensidad del pulso de luz puede ser directamente proporcional a la fuerza de
la radiacion. Una vez que la radiacion se convierte en un pulso de luz, el circuito 106 puede
recibir un pulso de luz y producir la correspondiente sefial eléctrica. Debido a que la
magnitud de la sefial eléctrica puede ser directamente proporcional a la intensidad del pulso
de luz, si la fuerza de la radiacién en el area es elevada, la correspondiente magnitud de la

sefial eléctrica puede también ser alta.

En otra caracterizacion, los contadores de centelleo pueden incluir cualquier otro tipo de
cristal o material que puede centellear y convertir la radiacién en pulsos de luz. En otras
caracterizaciones, otros métodos no centelleantes para detectar la radiacién pueden ser
empleados, tanto como la radiacion detectada puede ser capturada y luego registrada como

informacion.

La radiacion de la tierra puede proceder de diferentes fuentes. En orden a diferenciar la
radiacion de diferentes fuentes, el circuito 106 puede incluir al menos un controlador
programable (no mostrado) para generar una sefial eléctrica. El controlador puede ser en
una caracterizacion, un procesador digital de sefiales (DSP) un chip u otro procesador que
pueda manipular la sefial eléctrica, por ejemplo, separando la sefial eléctrica en las sefiales
componentes, que representan la radiacidon recibida de un isétopo o fuente de radiacion
particular. En una caracterizacion, el circuito 106 puede separar la sefial eléctrica en sefiales
componentes que representan la radiacién recibida de torio, uranio y/o potasio. La
separacion se puede basar en el nivel de voltaje de las sefiales eléctricas recibidas del
contador de centelleo 100. El circuito 106, puede también proporcionar una medida de la

cantidad total de radiacion recibida.

Mientras muchos elementos que ocurren en forma natural tienen isétopos radioactivos,
potasio (40K), uranio (238U) y torio(232Th), series decadentes pueden tener radioisétopos
que producen rayos gama relativamente fuertes, para uso en espectrometria de rayos gama.
Con este propésito, la DSP puede separar las sefiales de radiacion en sefiales componentes,
basadas en los niveles de microvoltaje individual de la radiacion recibida. Para ejemplo, los
niveles de voltaje entre alrededor de 1.2 MeV y de 1.6 MeV, pueden indicar que la fuente
de la radiacidn es potasio; los niveles de voltaje alrededor de 1.6 MeV a 2 MeV, pueden

indicar que el origen de la radiacidn es uranio, y los niveles de voltaje entre alrededor de 2



MeV y 3 MeV, pueden indicar que la fuente de la radiacion es torio. La DSP puede también
producir una cuenta total de rayos gama, que puede corresponder a niveles de voltaje entre
alrededor de 0.4 MeV y 3 MeV. Separando la radiacién en sefiales componentes
representativas de determinados isotépos, puede ayudar para desarrollar visuales, como
mapas,que pueden ser usados para visualizar la localizacion de los depdsitos de

hidrocarburos, como se discutira posteriormente.

El circuito 106 puede también contar el numero o la frecuencia de pulsos de radiacién
recibidos en un érea, a lo largo de la cual la deteccidn se realiza para determinar el nimero
de pulsos de radiacion recibidos por los contadores de centelleo 100 y/o la intensidad de la
radiacion que emana de la tierra. Como se puede notar, los hidrocarburos bajo la superficie
de la tierra, pueden bloquear la radiacién que emana de la tierra. En consecuencia, en dreas
donde los depositos de hidrocarburos se encuentran, el sensor 10 puede recibir menos
pulsos de radiacidn, o pulsos de radiaciéon de menor frecuecia, que en areas donde no se
encuenfran hidrocarburos. El contaje de la radiacion puede posteriormente ser usado para
determinar la posibilidad de depésitos de hidrocarburos en el 4rea de interés, lo cual serd

discutido posteriormente en detalle.

En otra caracterizacion, el sensor 10 puede ser colocado dentro de un receptéculo para
proteccion. Varios receptaculos 102 pueden permitir que el sensor 10 sea usado en el mar,
en la tierra, sobre o cerca del piso oceanico, sobre o cerca de masas de tierra secas, sobre o
cerca de fondos pantanosos, sobre o cerca de fondos marinos, en areas de espesa
forestacion, etc. Por ejemplo, como se muestra en la figura 2A, un receptaculo 200, dentro
del cual un sensor 10 se encuentra situado, puede ser montado en un vehiculo 202. En otra
caracterizacion, como se muestra en la figura 2B, un recepticulo 204 se puede adecuar
dentro de una mochila 206 o alforja. Estas caracterizaciones pueden permitir que el sensor
10 sea transportado por un vehiculo, persona o animal, de manera que pueda atravezar un
drea de tierra de interés para detectar radiaciéon. Como se muestra, el sensor 10 puede ser
enlazado, por medio de un enlace de comunicacién con o sin cable, a una computadora o
cualquier otro sistema de computacion 210, que puede recibir y procesar los datos de la

radiacion.



Un receptaculo 300 puede también montarse dentro de un aeroplano 302, como un
helicoptero o aeroplano, como se muestra en la figura 3A. Esto puede permitir al sensor 10
moverse sobre la superficie de un 4rea de interés para detectar radiacion. Las cartas de
travesia 208 (figura 2C) y 304 (figura 3B), muestran un ejemplo de los patrones de travesia
que pueden ser recorridos por un vehiculo, persona o animal, o aeroplano que transporta un

sensor 10.

En otra caracterizacion, un receptaculo 400 puede ser disefiado para uso subacuoso, como
se muestra en la figura 4A, en donde el recepticulo 400 puede sustancialmente ser
apropiado para el agua, de manera que el sensor 10 puede atravezar un édrea bajo el agua
para detectar radiacién. En tal caracterizacion, el sensor 10 puede ser conectado a un navio
en la superficie, como un bote 402, por un cable 404. El cable 404 puede incluir cables
eléctricos o cables que puedan proveer energia a un sensor 10, y permitir al sensor 10
comunicarse con el equipo de computacion del bote 402. En una caracterizacion, el sensor

10, puede ser usado a profundidades que van de 1 metro a alrededor de 3000 metros 0 mas.

El receptaculo 400 puede incluir un conducto, manguera, o tubo, dentro del cual pueden
ser acomodados el contador de centelleo 100 y las conexiones electronicas asociadas. En
una caracterizacion, el receptaculo 400 puede ser remolcado tras el navio en una posicion
sustancialmente horizontal. Esto puede permitir al contador de centelleo 100, permanecer
cerca o integrado dentro del piso bajo el agua, para una medicién exacta de la radiacion.
Puede el sensor 20 hundir el piso, los rayos gama y otras lecturas de la radiacién pueden ser
inexactas debido a la dispersion y absorcién por el agua. En una caracterizacion, el
receptaculo 400 puede ser adherente para el liquido, de manera que el sensor 10 no se

expone directamente al agua.

El cable 404, en una caracterizacion, puede ser enrollado en un carrete 408, sobre la
cubierta del bote 402, que permita extenderlo a una longitud suficiente, de manera que el
receptaculo 400 pueda permanecer sobre o cerca del piso 406. Debido a que la radiacion
que emana de la tierra tiende a disiparse o ser absorbida por el agua, a unos pocos pies bajo
el agua de la superficie 406, manteniendo al sensor 10, sobre o cerca de la superficie 406,

permitiendo al sensor 10 recibir las lecturas de la radiacién en un medio acuoso.
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Se puede apreciar que si el piso 406 bajo el agua es irregular o tiene obstaculos, remolcar el
sensor 10 detras de un bote 402 puede determinar que el sensor 10 sea rudamente ajustado,
o dafiado, o despegado y pérdido. En orden a minimizar el dafio, el cable 404 y el
receptaculo 400, pueden incluir caracteres pafa proteger el sensor 10 cuando este es jalado.
Estos caracteres pueden incluir alivios de tension, amortiguadores de golpes y similares. La
figura 4B muestra un ejemplo de un cable subacuoso con un aliviador de tensién, que puede

actuar disminuyendo el dafio al sensor 10 jalado tras de un bote.

En una caracterizacidn, la enrolladura del cable 412 dentro del ensamble de la cabeza del
cable 410, puede actuar como un aliviador de tension y proveer suficiente fuerza conectiva

para evitar al sensor 10 ser desalojado del cable 404 y perdido.

En otra caracterizacion, el receptaculo 400 puede incluir una barra vertical 504 o conducto,
que puede mover hacia arriba y abajo el sensor 10, de tal manera que pueda acceder al piso
406.

Como se muestra en la figura 5, el receptaculo 500 puede ser montado sobre la superficie

~ del navio 502. El receptaculo 500 puede incluir una barra vertical 504, la cual puede ser un

tubo sélido, segmentado y/o hueco, por ejemplo. La barra 504 puede ser movida arriba y
abajo por un pistén de impulso 506, tal como un motor. El recepticulo 500 puede también
incluir una terminal distal 508, dentro de la cual los contadores de centelleo 100 pueden ser
posicionados. Como el pistén de conduccién 506 mueve la barra 504 arriba y abajo, la
terminal distal 508 puede penetrar el piso debajo del agua 510, de manera que los
centelladores 100, puedan obtener una lectura adecuada de la radiacién 512. En una
caracterizacion, el pistén de conduccion 506 y el terminal distal 508, pueden ser usados en

profundidades de alrededor de 1 metro a 200 metros o mas.

La figura 6 muestra otro ejemplo de un pistén de conduccion 506 y del tubo 504. El pistén
de conduccién 506 incluye un engranaje 600, el cual puede ser rotado por un motor
eléctrico 602. Un controlador conductor -programable 604 puede controlar la velocidad, el
tiempo y la direccion del motor, en orden a controlar el movimiento hacia arriba y abajo de
la sonda terminal 508. En una caracterizacion, el controlador 604 puede determinar que la

sonda terminal 508 se mueva hacia arriba y abajo en forma repetida, con una frecuencia
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especifica o variable, durante la travesia del 4rea de interés. El panel visual 606 puede
visualizar la informacion del sondeo, como la frecuencia del movimiento hacia arriba o

abajo, tanto como la provision de controles de emergencia para cierre.

En una caracterizacion, si los datos del cable 610, para comunicarse con el sensor 10 estan
fuera del tubo 504, un sistema de cabrestante 608 puede ser usado para proveer un dato de
conexion a la sonda terminal 508. En esta caracterizacion, el sistema de cabrestante 608
puede ser usado para soltar o captar en el cable de datos 610, cuando la sonda terminal 508

es elevada o bajada.

El pistén de conduccién 506, puede también incluir mecanismos para muestreo y prueba
del agua durante la travesia del drea de interés. Por ejemplo, una bomba liquida 612 puede
bombear liquido de la superficie debajo del agua cerca del terminal distal 508, de manera

que el liquido pueda ser muestreado a bordo de un navio de superficie como el bote 502.

También, un separador de liquido-gas 614 puede ser empleado para separar el gas del agua,
en el caso de que muestras de gas sean necessarias o deseadas. Un sistema de muestreo de
liquidos 616 puede también ser incluido, y se puede emplear para colectar las muestras de
liquido o de gas que han sido bombeadas dentro del navio. En una caracterizacion, el
sistema de muestreo de liquidos 616, puede almacenar las muestras en recipientes sin

exponerlos a la atmoésfera, en orden a reducir el riesgo de contaminacion.

El pistén de conduccion, en una caracterizacién, puede ser montado sobre una viga 700,
que permite al bote moverse mientras la extremidad distal 580 tiene acceso al piso debajo
del agua. La viga puede ser instalada sobre la cubierta del bote o navio 502. Como se
muestra en la figura 7A, la viga 700 puede permitir al piston de conducciéon 506 migrar
atras y adelante sobre las pistas 701, entre la Posicion 1 y la Posicién 2 que se muestra en la
figura vastago 705, para permitir al piston de conduccidén 506 pivotear entre la posicién 3 y
la posicién 4 mostrada en la figura 7B. El vastago 700 puede también incluir una
abrazadera 704, para evitar que el piston de conduccion 506 pivotee mas alld del angulo
deseado. Estos vastagos de rotacion deslizantes 700, determinan un juego mecénico entre el
terminal distal 506 y el navio o bote 502, que puede pefmitir al terminal distal 506,

permanecer penetrado dentro de la superficie bajo el agua, mientras el bote contintia en
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movimiento. Si se desea, el vastago 700 puede incorporar ambas pistas 701 y el vastago

705, para permitir el movimiento del bote o navio.

En otra caracterizacidon, como se muestra en la ﬁgﬁra 8A, un receptaculo para sensor 102,
puede ser montado sobre un coche debajo del agua, tal como un transporte remotamente
operado 802. El coche 802 puede tener propulsores (no mostrados), ruedas (no mostradas)
y/o pistas 814 para propulsién bajo el agua. En una caracterizacion, el receptaculo 102
puede ser montado de manera que una seccion 806 del sensor 10 penetre en el cieno, en el
sedimento o en cualquier otro material del piso debajo del agua. Los coches pueden estar en
comunicacién con un navio 810 a través del cable 808. El cable 808 puede proveer energia,
controles para operar los coches, y puede también ser usado para levantar.o bajar el coche

dentro del agua.

Como se muestra en la figura 8B, multiples coches 802, cada uno transportando un sensor
10, pueden estar en comunicacién y controlados desde un solo navio. Esto puede permitir
sea atravezada el 4rea de interés en menos tiempo, si se desea. Como los coches 802
atraviesan el area, los datos recibidos por el sensor 10 pueden ser almacenados en un

sistema central de computacion a bordo del navio.

El receptéculo 102 puede incorporar o incluir varios elementos que incluyen pero no se
encuentran limitados a una plataforma estructural y a la configuracién electrdnica para
integrar y conectar fuentes de energia y facilitar la transferencia de datos; un complejo de
un sistema de cables conectando, o paquetes de baterias para energia, transferencia de
datos y remolque; cobertura para absorcion de choque, ésto es manguéras, cubierta estéril,
espuma no absorbente, plastico; instrumentos adicionales para estudio geocientifico
adicional, ésto es instruméntos sonicos, densidad de neutrones de rayos gama, resistencia,
magnética, densidad, neutrones, temperatura, presién, catador lateral, un receptor
controlador de datos electrénicos, un sistema de computador para almacenamiento,

organizaciéon y recoleccién de datos, un programa modelo para ingreso de datos e

interpretacion; un programa integrado de mapeo que incorpora todos los datos de campo

junto con la informacién de soporte histérico que incluye las historias de los pozos,

interpretaciones sismicas, bloques de pozos, etcétera.
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Otros instrumentos que pueden ser usados junto con el sensor 10 o sistema, incluyen pero

no se encuentra limitados a:

Un instrumento Sénico de Onda Completa: un instrumento que envia un pulso sonar activo
que puede ser usado para identificar las matrices de porosidad y permeabilidad, dentro de la

formacion de la estructura rocosa.

Un instrumento de conductividad para medir la sensibilidad eléctrica a las saturaciones de

agua y contenido.

Instrumentos de densidad para neutrones rayos gama: la induccién activa de is6topos
radioactivos elaborados por el hombre, asi como la mediciéon de las caracteristicas de

absorcion de hidrocarburos de la roca de un determinado estrato.

-

Un gravitdmetro para medir la respuesta gravitacional de una formacion con lineas de base

contra estructuras conocidas en contraste a las polaridades de-la tierra.

Instrumentos magnéticos localizadores para la medicién de tendencias magnéticas, para los

elementos de hierro nativos en una determinada formacion.

Instrumentos electromagnéticos para identificar una combinacion de propiedades eléctricas
y magnéticas, en las cuales pueden ser cuantificadas formaciones conocidas, para el

‘contenido de hidrocarburos y profundidad de la posible formacién.

Un magnetometro para medida de las tendencias magnéticas, a los elementos de hierro

nativo en una determinada formacién.

Una herramienta neutron general. Un equipo especialmente afinado para trazar e identificar
el movimiento de los neutrones mas activos y de vida corta, dentro de una formacién de la

tierra.

Instrumentos para densidad, ésto es, densidad compensada, densidad cercana, densidad
lejana, densidad de alta resolucion. Estos instrumentos identifican la concentracién en bulto
dentro de los espacios porosos de una formacién dada, cuantificando de este modo las

porosidades y permeabilidad asociada de una formacion.
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Un televisor actstico: un instrumento que mira los lentes de falla cercanas, de una

formacion terrdquea de un portal vertical.

Un instrumento potencial espontaneo. Este instrumento mide el potencial eléctrico y

cuantifica la interaccién entre el petrdleo y el contenido de agua dentro de un reservorio.

Instrumentos de resistividad total, ésto es, resistividad liquida, resistividad guardia,
resistividad lateral, micro resistividad, resistencia de un punto simple. Estos instrumentos
de medida pueden inducir pulsos eléctricos y de corriente dentro de un determinado

reservorio, identificando de este modo las proporciones de petroleo y el contenido de agua.
Instrumentos de temperatura: Un instrumento que mide la temperatura.

Un indicador de vibracién: un instrumento que mide la vibracion y contacta con un lado de

la pared sobre un plano vertical o una placa horizontal.

Un medidor liquido: un portal que abre una cdmara de retencion para muestreo de agua y/o

muestras solidas.

Un instrumento Petro Sonde: un instrumento que incita un pulso de eco sénico intenso,

como para identificar anomalias de la formacién en profundidad.

Un transpondedor acustico: un equipo que emplea una sefial aclstica en un patrén

direccional u omni-direccional, enviando la localizacién al receptor.

Estos instrumentos pueden ser usados para tomar medidas adicionales, mientras el sensor
10 atravieza el 4rea de interés y mide la radiacion. Las medidas de estos instrumentos
pueden ser incorporadas en mapas que muestran la posibilidad de la presencia de depésitos

de hidrocarburos bajo la superficie de la tierra.
Posicién del sensor

Debido a que las lecturas de la radiacion del sensor 10 pueden ser empleadas para mapeo de
la radiacién en el area de interés, es deseable asociar una posicién con cada lectura de la
radiacién. Si el sensor 10 es montado en un vehiculo sobre la tierra, un helicéptero o

aeroplano, o transportado por una persona, un GPS (no se muestra) puede ser usado para
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proporcionar la posicion de cada lectura. Sin embargo si el sensor 10 es usado debajo del

agua, otros métodos de posicionamiento pueden ser necesarios.

La figura 9 muestra un sistema para determinar la posicién de un sensor 10 debajo del agua.
Los modem acusticos 900, 902, 904 y 906, en una caracterizacion, pueden ser posicionados
por boyas en el agua. El sensor 10 puede incluir un transpondedor actistico que puede
enviar continua o peridédicamente, sefiales acusticas de los médem 900, 902, 904 y 906.
Estos médem pueden entonces transmitir la sefial al navio 910, el cual puede triangular la
posicion del sensor 10 y asociar tal posicion con las lecturas de la radiacion recibidas de!

sensor 10.

La figura 10 muestra una vista por debajo del agua de un modem acustico 900. El médem
actstico 900 puede ser unido a un cable 1001 que corre entre la boya 1000 y la pesa 1002.
El transpondedor acustico 1004, puede enviar una sefial acustica 1006 al modem acustico
900. El mdédem actstico 900 puede entonces pasar informacion, por ejemplo a través de la
antena 1008, al navio 910. Una vez recibida, un sistema de computacion a bordo del navio

910 puede triangular la posicién del sensor 10.

La posicién de un sensor 10 bajo el agua, puede también ser determinada si el navio 910 se
encuentra equipado con un GPS, un detector profundo, un transpondedor actstico, como se
muestra en la figura 11. En esta caracterizacion, un transpondedor actstico 1004 sobre el
sensor 10, puede enviar una sefial acustica al transpondedor 1100, sobre el navio 910. La
longitud de la hipotenusa 1102 puede ser calculada sobre la base del tiempo que ésta toma
para recibir la sefial acustica. Debido a que el detector de profundidad (no se muestra)
puede determinar la profundidad Y del agua, puede ser calculada la distancia X del navio.
El rumbo o direccién del navio al sensor 10, puede también ser determinado basado en el
angulo del cable de remolque 1104, o basado en la fase de medida de las sefiales actsticas.
La posiciéon GPS del navio 910, puede entonces ser ajustada por la distancia y medidas de

ajuste, en orden a determinar la posicion del sensor 10 bajo ¢l agua.

Mapeo

)Y\ﬂ
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La radiacion medida puede ser empleada para determinar en una caracterizacion, si los
depdsitos de hidrocarburos se encuentran presentes bajo la superficie terrestre. La presente
invencion puede detectar la presencia de hidrocarburos en una variedad de litologias bajo la
superficie, las cuales incluyen pero no se encuentran limitadas a: esquistos, asperon, caliza,
caliza dolomita vugular, dolomita, domos sal, o cualquier combinacién parecida. Una vez
que la radiacién ha sido medida, los datos pueden ser combinados con otra informacion,
como las anomalias geograficas y estructuras en el 4rea de interés, informacion histérica
sobre pozos de petrdleo, informacién sobre estructuras construidas por el hombre como
carreteras, oleoductos y similares. El sistema puede entonces usar la combinacién de datos
para generar mapas que muestren la posibilidad de depdsitos de hidrocarburos en el area de

interés.
Medicion de la radiacion

En orden a medir la radiacion, el sensor 10 de la presente invencion puede tomar lecturas

de radiacién mientras atravieza el drea de interés. Durante la travesia, la radiacién recibida

por el sensor 10, y la posicion donde las lecturas tienen lugar, pueden ser registradas por un

sistema de computacion. La tabla 1, abajo, muestra un ejempo de datos que pueden ser

registrados cuando el éscaner atravieza el area.

Niimero | Nomero | Canal 1 | Canal 2 | Canal 3 | Canal 4 | Latitud Longitud | Velocid | Fecha
de deserie | Cuenta | uranio potasio | torio ad |Toe)
muestras total (nudos)

Tiempo
(UTOC)
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Como se describe arriba, el sensor 10 puede separar la radiacion en sefiales componentes
representativas de la radiacion recibida de diferentes is6topos. En la tabla superior, cada fila
representa una muestra de radiacién tomada por el sensor 10. La columna titulada “Canal
1” muestra la cuenta total de rayos gama recibidos por el éscaner. La columna titulada
“Canal 2” muestra la cuenta de rayos gama atribuibles al uranio, la columna titulada “Canal
3” muestra la cuenta de rayos gama atribuibles al potasio y la columna titulada “Canal 4”
muestra la cuenta de rayos gama atribuibles al torio. Las columna marcada longitud y
latitud muestra la informacion posicional para cada muestra. La tabla también incluye una
columna con el nimero que muestra el nimero de muestras, un nimero con la unidad de la
serie- que muestra el numero de serie del éscaner, y las columnas con la fecha y el tiempo
que muestran la fecha y el tiempo que se obtuvo cada muestra. También puede ser

registrada informacion adicional con cada muestra, como se desee.

Datos como los mostrados en la tabla 1, pueden ser colectados mientras el sensor 10
atravieza el area de interés. En una caracterizacién, el sensor 10 se puede mover en un
patrén cuadricula a través de la superficie del 4rea de interés, de manera que los datos
pueden ser extrapolados a la mayoria o a toda el area de superficie. Por ejemplo, la linea

negra en la figura 12, muestra una ruta de travesia 1202, a lo largo de la superficie de un
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area de interés. Como el sensor 10 viaja a lo largo de la ruta, pueden ser registrados los

datos de radiacion, como los mostrados en la tabla 1.

Cuando se atravieza el area de interés, la via 1202 puede no cubrir la superficie entera del
area de interés. En otras palabras, debido a que puede ser dificil o demorado tomar medidas
de la superficie entera, si el area tuviese espacios o huecos entre las vias 1202, donde no se
toman medidas de la radiacién. En otras areas, puede ser dificil atravezar el 4rea debido al

terreno. Esto puede ser apreciado por las areas blancas en la figura 12.

En orden a proveer informacidon mas exacta de las dreas donde no se han tomado medidas
de la radiacidn, el sistema puede extrapolar las lecturas tomadas durante el paso por la via
1202, para cubrir areas adyacentes donde no se tomaron lecturas. Por ejemplo, un sistema
de computador, ejecutando un programa de software, puede realizar una extrapolacion de
rutina, como un calculo vecino natural por ejemplo, sobre los datos de radiacién
registrados, en orden a extrapolar las medidas de radiacién para cubrir el area completa de

interés.

Una forma de un célculo vecino natural es;

Qe = T (5 N)

donde G (x,y) es el estimado de localizacion (x,y) dentro del area de interés, w;es un factor
de peso , y f(x;, yi) son los datos conocidos (ésto es la radiacion registrada) en la locacién
(xi, yi). Estos célculos pueden usar datos XYZ “irregularmente espaciados” y producir o
estimar un espacio regularmente, un arreglo rectangular de los valores de radiacion. Debido
a que la ruta de travesia 1202 puede no seguir un patrén particular, los datos registrados
pueden tener muchos huecos, en los cuales los datos son erréneos. Los calculos de
extrapolacién, como un vecino natural, pueden ser usados para llenar estos huecos por

interpolacion de los valores de radiacion, en aquellas locaciones donde no fue tomado el

registro de radiacion. El espacio de la cuadricula regularmente espaciada es ajustada, '

basada en el tamafio del 4rea de interés.

Una vez que los datos han sido registrados, el sistema puede calcular la posibilidad de que

existan depdsitos de hidrocarburos bajo la superficie del area. En una caracterizacion,
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puede ser usada la ley de Lambert durante el calculo. La ley de Lambert se define como

sigue:

I=1,e*"

donde I es el incidente de radiacioén, I, es la radiacion emergente (0 medida), m es el
coeficiente de absorcién de la materia a través de la cual viaja la radiacién, y x es el grosor
de la materia. Usando la ley de Lambert, se puede medir y estimar la transmisibilidad de los
elementos nucleares individuales, a través de conocidos o presumibles estratos dentro del
drea de interés, ésto es asperdn, caliza, esquisto, agua salada, gas natural, hidrocarburos
ligeros, hidrocarburos pesados. En la formulacion de una linea de base, el sistema puede
establecer una chimenea de hidrocarburo cero, o linea de base, por la cual no ocurre
ninguna absorcién de los rayos gama, dentro de una area fisica especifica, y las lecturas de
todas la 4reas adyacentes son posiblemente identificadas y ponderadas para formar la base
de todos los mapas. Usando la ley de Lambert, la linea de base tomara en consideracién la
profundidad del complejo terrestre basal y el material entre el complejo terrestre basal y la

superficie del area de interés.

La lectura en la linea de base de 180 cuentas por segundo o mas, por ejemplo, puede
significar que no se encuentra presente ningin hidrocarburo comercialmente viable.
Ademas, debido a que los depésitos de hidrocarburos, petrdleo, gas o parafinas, absorben o
bloquean la radiacidn que emana de la tierra, una cuenta menor por segundo en un 4rea
particular, puede indicar la absorcion graduada de los rayos gama, y asi indicar la
migracion vertical mds intensa de hidrocarburos como resultado de la oxidacion-reduccion,
oxidacion reduccién celular y termalizacién. En otras palabras, una cuenta menor por
segundo, indica la presencia de hidrocarburos en una localizacién en parficular. Por
ejemplo, una cuenta de 160 por segundo en un area en particular puede indicar menos
hidrocarburos que una cuenta de 130 por segundo. En una caracterizacién, una cuenta de
alrededor de 180 a 160, puede indicar un area de produccién marginal. Una cuenta de
alrededor de 150 por segundo puede indicar la presencia de depésitos de hidrocarburos

adecuados para pozos bajos o medio profundos. Una cuenta de alrededor de 120 a 140

SR
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cuentas por segundo, puede indicar la presencia de depésitos de hidrocarbonos para pozos
profundos. Y una cuenta de alrededor de 80 a 110 cuentas por segundo, puede indicar la

presencia de depositos de hidrocarburos adecuados para pozos méas profundos.

Todas estas cuentas, pueden ser directamente calculadas para estimar los hidrocarburos en
bruto presentes en un area determinada. La viabilidad comercial puede entonces ser
calculada, dependiendo del costo de adquisicién de la propiedad, del costo de la

perforacion y terminacion del pozo y de la produccion disponible total de petréleo y gas.

La figura 12B muestra un ejemplo de la cantidad estimada de los depdsitos de petroleo y

gas dentro de un area de interés, calculados por el sistema que emplea la ley de Lambert.

La actual invencion puede estimar las reservas iniciales o remanentes, basada en la
reduccion de la radiacién por debajo de 180 cuentas por minuto. La respuesta de los
hidrocarburos puede ser sostenida por fisica nuclear, que contrasta con la sal marina en los

reservorios de roca, contra el coeficiente de absorcién de hidrocarburos. La ley de Lambert

de la migracién de los rayos gama, puede ser usada junto con estos estimados, sobre un

reservorio de roca promedio, ésto es asperén, caliza, esquisto. La invencién puede
establecer datos y/o informacién para la deteccién de hidrocarburos, para cualquier area de
concesion que tenga 180 cuentas por segundo, o menos. Esto puede ademds establecer la
cantidad comercial o no comercial de hidrocarburos, en el area dependiente de los costos de

perforacion y/o desarrollo.

Los estimados de reservas pueden usar la columna de volumen de cada segmento de la
cuadricula, el cual generalmente puede ser 50 x 50 pies (area), multiplicado por 180 cuentas
por segundo. Si la radiacién de la superficie es de 100 cuentas por segundo, el area 50 x 50
pies, puede tener 80 pies de alto. Este volumen multiplicado por un coeficiente propietario
puede proporcionar las reservas, los barriles por acre de petréleo o la superficie ajustada al
volumen de gas por acre. El numero total de segmentos de la cuadricula, puede
proporcionar reservas para el drea evaluada. El procedimiento considera la variacién sobre
el area y el estado de agotamiento de un campo en produccién. Este puede ser sensible al

agotamiento de un campo de gas y mostrar las reservas sobrantes.
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La propiedad promedio puede ser condensada en las 3 4areas primarias de reservas,
relacionadas con los factores de recuperacién. En algunas caracterizaciones, el foco estima

sobre 180 cps, 150 cps y 140 cps y el correspondiente acreaje.
180 + cuentas por segundo: No comercial en todos o la mayoria de casos.

180 - 160 cuentas por segundo: Comercial para bajo costo general y poca produccidn,

marginal.

150 cuentas por segundo: reservas por encima del promedio. Comercial para pozos medio
profundos. Las recuperaciones primarias pueden ser consistentes con los promedios de la

industria.

120 - 140 cuentas por segundo: Excelente base de reserva. Comercial para pozos profundos

y recuperaciones sostenidas, prolongadas.

80 - 110 cuentas por segundo: Base superior de reserva. Fuerte posibilidad comercial para

la profundidad de los pozos. Fuerte proporcién gas/petroleo.

Los recepcion de rayos beta y gama y el gas radon, en la superficie del area de interés,
puede ser coexistente y puede estar asociada inseparablemente con la actividad de
neutrones a través de radiacion de la subsuperficie. Debido a que la actividad de los
neutrones y sus consecuentes efectos sobre la actividad de los rayos gama y beta, son
activadas alternativamente, determina que la radiacion recibida en la superficie de la tierra
puede permitir una disminucién de tales actividades. Esto puede determinar lecturas
inexactas de la radiacién o de los célculos para la silueta de la estructura geoldgica. Esto
particularmente se aplica al uso del espectrometro para recepciéon de los rayos gama en
elevadas altitudes y a altas velocidades. Tal monitoreo y recepcion de rayos gama puede
producir errores y también patrones llamados “halos” bordeando los reservorios de gas y
petroleo bajo la tierra, basado en la bisqueda subacuosa de la superficie. En consecuencia,
el sistema puede ser calibrado para velocidad lenta, para superficie, cercana proximidad a
superficies terrestres, sumersion al piso marino, o cualquier otro factor ambiental que pueda

afectar la deteccion de los rayos beta y/o gama y asi reducir el efecto halo.
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Una vez calculada la linea de base, el sistema puede incorporar al calculo factores externos
de interferencia. Los factores de interferencia pueden referir las estructuras dentro del area
que tienden a bloquear, absorber o causar termalizacidn o decadencia de la radiacién de los

neutrones que emana de la tierra.

Los factores de interferencia como la presencia y tipo de estrato, roca, suelo y otro material
bajo la corteza, puede afectar la cantidad de radiacion recibida en la superficie. Por lo tanto,
los célculos basales pueden ser ajustados basados en el estrato conocido en el area de
interés. Por ejemplo, la salmuera, el agua salada, cominmente presentes en el estrato
sedimentario, pueden bloquear la radiacioén. Estas pueden reducir la radiacion registrada
leida alrededor de 30 a 45 cuentas por segundo, por ejemplo. En consecuencia, si esta
presente salmuera o agua salada, el sistema puede ajustar las medidas basales por una
cantidad apropiada, en compensacion. En forma parecida, el sistema puede también ajustar
las medidas de base, para calcular la presencia y espesor de otros materiales, tales como
esquisto, caliza, arena y cualquier otro material en el 4rea de interés. Otras formas que
pueden ser compensadas, ajustando las medidas basales, incluye los domos en la sub
superficie, fallas, fallas en contra plano, anticlinas, sinclinas, agua con petréleo, reservorios
de agua saturada, estructuras construidas por el hombre (por ejemplo, caminos, asfalto,
edificios, canteras, oleoductos, derrames de petrdleo, filtraciones, etcétera), campos recién
arados, vegetacion, dunas cambiantes y arena, uranio natural, formaciones de esquisto, gas
radén, y condiciones del tiempo incluyendo rocio, presién barométrica y lluvia reciente,

tanto como otros factores.

y
La presencia de hidrégeno 100 y carbén 15 en el estrato sedimentario, puede bloquear de
manera significativa al neutrén y la radiacion asistente pasando dentro de tal estrato y
puede reducir las medidas basales, por ejemplo, alrededor de 110 a 120 cuentas por
segundo. Por lo tanto, una vez que la linea basal haya sido ajustada para materiales
conocidos bajo la superficie del 4rea de interés, las caidas en las lecturas de la radiacion del

orden alrededor de110 a 120 cuentas por segundo, pueden indicar la presencia de depdsitos

de hidrocarburos en el drea.

Otro factor que puede ser considerado en el calculo de la linea de base, es la produccion de

pozos en el area. Esta informacién puede ser usada para situar la localizacén exacta del
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pozo durante el proceso de mapeo, tanto como para mostrar las posibles razones para las
tendencias encontradas durante la imagen de busqueda. Realizar las lecturas e interpretar
los mapas en y alrededor de los pozos histéricos y las areas de conocidos depdsitos de
hidrocarburos, puede aumentar la seguridad de futuras lecturas y/o la determinacién de la

presencia de hidrocarburos.

Un técnico de campo puede realizar lecturas basales en y alrededor de localizaciones
conocidas, activas o inactivas. Estas lecturas de los pozos, pueden también ser realizadas

cerca o alrededor de canteras abiertas, hoyos y afloramientos.

Cambios rapidos y significativos de bajas a elevadas cuentas, pueden ser una clara
indicacién de factores de interferencia. Bajo condiciones normales sin factores de
interferencia, puede haber un cambio gradual en las lecturas por un factor de alrededor de
10 a 20 cuentas (ésto es, lecturas de la radiacion) por segundo. St las lecturas aumentan o
disminuyen con una frecuencia acelerada en un érea particular, o cuando se mueven de una
a otra area, puede estar presente un factor de interferencia, y puede ser registrado en un

sistema de procesamiento.

Ademas, la toma de lecturas en y alrededor de los pozos existentes, puede proveer
informacioén valiosa acerca de los pozos y/o depdsitos de hidrocarburos en y alrededor del
pozo. Por ejemplo, la toma de lecturas y andlisis de un mapa de la cuadricula en y alrededor
de los pozos existentes, puede ayudar a determinar si el pozo esta produciendo o esta seco,
si mas hidrocarburos se encuentran presentes en el area, si el pozo fue perforado lo

suficientemente profundo, y/o si el pozo es candidato para una reentrada, por ejemplo.

Otras determinaciones, acerca de los pozos existentes también se puede realizar con la

lectura de la radiacion y/o procesando los datos de los mapas y cuadriculas.

Estas lecturas pueden ser usadas para ajustar la radiacion basal para el area de interés,
debido a que diferentes regiones pueden tener diferente radiacion basal. Por ejemplo, una
region primera puede producir 150 cuentas por segundo de radiacién de los pozos
productivos, mientras otra regién puede producir 220 cuentas por segundo de radiacion de

los pozos productivos.
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Usando las lecturas iniciales de pozos productivos y no productivos en el area, el sistema
puede ajustar o normalizar las medidas de radiacion basales en el area, de manera que las
lecturas que difieren de las basales puedan ser usadas més exacatamente para determinar si

se encuentran presentes depdsitos de hidrocarburos.
Elaboracion de mapas

El sistema puede también elaborar mapas basados en la lectura de la radiacion. Estos mapas
pueden ser ttiles para identificar dreas donde existen depdsitos de hidrocarburos dentro del

area de interés. Ejemplos de tales mapas se muestran en las figuras13A y 13F.

Durante la elaboracion de los mapas, la imagen satélite, los mapas de topografia, mapas
sismicos y similares, pueden servir como mapas bésicos sobre los cuales pueden ser
sobrepuestos mapas y los datos del perfil. Las imagenes satélite, en una caracterizacion,
pueden ser obtenidas de sitios o servicios publicos como el software Google Earth®, por
ejemplo. El proceso de elaboracién de mapas, puede en ciertos casos producir mapas y
otros archivos que pueden ser abiertos en Google Eaarth®. Estas imdgenes satelitales
pueden ser utiles para determinar si la localizacion potencial de un pozo puede ser o no

accesible.

Los datos registrados pueden también ser usados para generar proyecciones en 3
dimensiones de los datos en la superficie de los mapas. La proyeccién tridimensional puede
incluir el mapa de perfil del pozo como otra informacidon. Los valores Z en tal mapa,
pueden representar las lecturas de las cuentas por segundo y el modelo puede tener la

misma escala de color como el perfil del mapa y la direccién clasificada del mapa.

La aplicacion del software, puede ser usada para procesar los datos para generar una
cuadricula de lecturas de la radiacién. Por ejemplo, puede ser usado un perfil y mapeo de la
superficie en 3D, para cientificos e ingenieros. El software puede cubrir, sobreponerse,
combinar o otros que incluyan las lecturas de la radiacion en mapas de superficie 3D, por

ejemplo.



24

Un programa de graficos basado en cuadriculas, puede interpolar irregularmente datos XYZ
espaciados y/o dispersados dentro de una cuadricula regularmente espaciada, que puede ser

usada para generar mapas de perfil.

En una caracterizacién, el eje Z puede ser una elevacién y los ejes X y Y pueden ser la
latitud o longitud u otro sistema coordinado proyectado. El eje Z también puede ser usado
para representar un peso, lectura, probabilidad o posibilidad de la presencia de radiacién
y/o depésitos de hidrocarburos. Las varias cuentas de radiacién, pueden ser sobrepuestas a
un mapa de perfil, en orden a asistir a la deteccion de depositos de hidrocarburos, por

ejemplo.

Las figuras 13A y 13H, muestran ejemplos de mapas que pueden ser generados por la
presente invencion. La figura 13A muestra un mapa de perfil del area de interés. Los
perfiles representan las lecturas de radiacion tomadas del area que se atravieza, mostrada en
la figura 13B. Las areas obscuras en la figura 13A, indican las locaciones donde la cuenta
de la radiacion fue baja, indicando la posibilidad de presencia de hidrocarburos bajo la
superficie terrestre. La figura 13A, puede ser el punto principal para interpretar la imagen
que lleve a la generacion de todos los siguientes mapas, figuras 13B y 13H. En otras
palabras, los datos tomados de la via de travesia inicial pueden ser usados para generar

otros mapas producidos por el sistema.

Las figuras 13B y 13C, son mapas que muestran una imagen satelital sobrepuesta del area
de interés. La figura 13B también sobrepone en el mapa, la via de la travesia recorrida para

tomar las lecturas de radiacion del area de interés.

La figura 13C sobrepone en el mapa el perfil de las lecturas de radiacion. Las imagenes
satélite sobrepuestas benefician la ilustracion del patrén de recorrido en la figura 13B, la
cual puede ser usada para verificar que el drea correcta, completa, fue captada por el
técnico en el campo. Adicionalmente, la figura 13C permite que el intérprete del mapa
visualize los potenciales sitios de perforacion o cualquier obstaculo construido por el
hombre, que puedan impedir una adecuada localizacion del pozo. En ciertas casos, las
. imagenes satélite sobrepuestas son de beneficio para ilustrar si hay una relacion entre las

lecturas de la radiacion y la vegetacion en el area visualizada.
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La figura 13D muestra dos perfiles: un perfil geografico mostrando la superficie

topografica elevacidn del 4rea de interés y el perfil de la radiacién.

Los mapas topograficos, pueden ser usados para encontrar la correlacion de lecturas de
cuentas por segundo entre la superficie y el terreno del area. Los cambios en el terreno de la

superficie, pueden ser indicadores de mecanismos de captura en la subsuperficie.

Las figuras 13E y 13F, muestran dos ejemplos de mapas de perfil tridimensional que
pueden ser generados por el sistema. En estos mapas, el perfil bidimensional 1302 puede
ser proyectado sobre un modelo tridimensional 1304, que muestra el perfil de las lecturas
de radiacién en el 4rea. Inversamente, el modelo 1304, tridimensional, puede ser
manipulado para ilustrar cambios especificos en las cuentas de radiacién por segundo,
proyectadas sobre el perfil 1302. Los mapas tridimensionales ilustrados en las figuras 13E y
13F, ayudan a mostrar las lecturas de radiacion, cuentas por segundo, en una forma que

simplifica la representacion visual.

En una caracterizacién, la figura 13F es util para mostrar los mecanismos de cierre
potencial que justifican la presencia de depésitos de hidrocarburos, s6lo por mostrar la mas

alta lectura de cuentas por segundo, protruyendo del contorno 1302, bidimensional.

La figura 13G muestra la seccion cruzada del contorno del mapa tridimensional de la figura
13H, que puede ser generada por el sistema. Esta seccion cruzada ilustrada en la Figura
13G, puede ser orientada a lo largo de cualquier plano tridimensional dentro del area de
imagen. Este analisis de seccién cruzada, puede ser generado a lo largo de una via que
conecta multiples localizaciones de pozos. La seccion cruzada a lo largo de la via de pozos,
puede entonces ser usada para mostrar una relacion entre la superficie de las radiaciones de
rayos gama, con la subsuperficie de bloques de rayos gama de los huecos de perforacion de
los pozos. Los bloques de rayos gama tienen que ser proveidos u obtenidos por otros

medios.

En otro ejemplo, como se muestra en la figura 14A, el sistema puede producir una
subsuperficie, un mapa tridimensional que muestra los rayos gama de la subsuperficie
bloques 1402, con depdsito potencial de hidrocarburos. Como se muestra en la figura 14B,

los bloque 1406 de hidrocarburos, pueden ser incorporados dentro del proceso de mapas.
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Estos bloques 1406 muestran medidas de radiacion que han sido tomadas bajo la superficie,
y proveen un mapa de las capas de estrato y formaciones de la subsuperficie. Para obtener
un bloque 1406, se perfora un hueco vertical y un sensor de radiacion 10 se baja dentro del

hueco. La radiacion registrada se emplea para mapear las estructuras de la subsuperficie.

Estos bloques 1406 gama, pueden ser obtenidos de varias fuentes, terceras partes, o
registradas por el sistema u otros medios, para incorporacién en mapas proveidos por el
sistema. Por ejemplo la figura 14A muestra una imagen ejemplo, que usa los rayos gama
bloques 1406 junto con un mapa 1404 del perfil de superficie. El modelo tridimensional en
la figura 14A, se emplea para ilustrar la correlacion entre las cuentas de radiacion de la
superficie del mapa de perfil 1404 y las cuentas por segundo de la subsuperficie de los
rayos gama bloque 1402. Los valores de superficie registrados, cuando se usan junto con
los valores de rayos gama 1402 de la subsuperficie, pueden ser usados para determinar si
un pozo fue perforado lo suficientemente profundo, o si hay una reserva comercial de
hidrocarburos localizada mas profundo. Esto puede ser realizado empleando estimados del
reservorio basados en el 4rea y el grosor de las zonas, junto con la porosidad, permeabilidad

y saturacién del agua.

La figura 14C es una versidn bidimensional del mapa en la figura 14B. Similarmente a los
rayos gama bloques 1402 en la figura 14B, los rayos gama bloques 1408, muestran lecturas
de radiacion y estratos bajo la superficie del area mostrada en el mapa de perfil 1410. En
una caracterizacion, los rayos gama bloque 1408, pueden ser generados de lecturas tomadas

en puntos sobre el mapa de perfil 1410.

Similarmente a la figura 14B, el mapa en 14C puede ser usado para determinar si un pozo
fue perforado lo suficientemente profundo o si hay una reserva comercial de hidrocarburos
mucho mas profunda. Esto puede ser realizado empleando estimados del reservorio basados
en el 4rea y el grosor de las zonas, junto con la porosidad, permeabilidad y saturacién del

agua.

La figura 15 provee otro mapa del perfil 1502 tridimensional. El mapa 1502 también
incluye informacion sobre fuentes particulares de radiacion. Por ejemplo, el grafico 1504

muestra las cuentas de radiacién total recibida, mientras el grafico 1506 muestra la
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radiacién atribuida a las fuentes de uranio, torio y potasio. El grafico 1508 muestra la
proporcion entre dos de los elementos individuales de radiaciéon. La proporcion
representada en el grafico 1508 y los valores de radiacién individual en el grafico 1506,
pueden ayudar a determinar una relacion entre un reservorio conocido de hidrocarburos y

un prospecto en la misma region.

Separar la radiacién entre las fuentes de los componentes, permite una deteccién mads
exacta de los depositos de hidrocarburos. Por ejemplo, por atribuir la radiacion detectada a
una fuente individual, como uranio, el sistema puede determinar si la radiacién en la
locacion es naturalmente alta o baja, lo cual puede permitir una detecciéon mds exacta de los
depdsitos de hidrocarburos. Si la radiacién en y alrededor de un 4rea se espera sea
naturalmente alta, sin embargo es captada una baja radiacion, ésto puede indicar la

presencia de hidrocarburos dentro del érea.

Las proporciones sefialadas 1508 en el grafico, son uranio dividido por potasio, torio
dividido por potasio y uranio dividido por torio. En este ejemplo, como la cuenta total por
segundo descrita en el grafico 1504 disminuye hacia la porcién sur del area de interés,
aumenta la proporcion de uranio dividido por potasio descrita en el grafico 1508, sefialando

un cambio en el potasio e indicando un posible marcador de hidrocarburos.

La figura 16 ilustra un mapa multi-perfil mostrando la separacion entre la radiacién
recibida de diferentes fuentes. En la figura 16, el mapa de perfil 1602 muestra la radiacién
atribuida al torio, €l mapa de perfil 1604 muestra la radiacion atribuida al potasio, el mapa
de perfil 1606 muestra la radiacion atribuida al uranio, y el mapa de perfil 1608 muestra la
cantidad total de radiacion recibida del area de interés. Tal mapa de perfil puede ayudar en
localizar y verificar los depésitos de hidrocarburos, por la provisién de una representacion
visual de la radiacion recibida y como es habitual con los élementos individuales de
radiacién, pueden ser afectados por los depodsitos de hidrocarburos de la subsuperficie o la

falla parecida.

La informacién histoérica de los pozos, tal como la localizacién de los pozos de petroleo que

producen o no producen, puede también ser incorporada en los mapas. La informacién
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sobre los pozos, puede producir informacion adicional sobre los dep6sitos de petroleo en el

area y permitir al sistema apreciar si sus calculos son exactos.

La figura 17 muestra un mapa de perfil 1702 producido por el sistema, que incluye los
pozos conocidos y sus localizaciones. Por ejemplo, los pozos 1703 y 1704 fueron
considerados como pozos no comerciales, lo cual se relaciona con las altas cuentas
radiacién por segundo en los lugares de los pozos, como se ilustra en un mapa de perfil

1702.

Los pozos 1705, 1706 y 1707 se muestra estdn en una area rica en hidrocarburos.
Histéricamente, estos pozos fueron productivos con sobrantes de reservas significativas.
Las cifras bajas o medias de rayos gama verifican esta tendencia. Los pozos 1708 y 1709
fueron pozos vacios no comerciales, pero los valores de rayos gama indican que depdsitos
de hidrocarburos pueden estar presentes a mayores profundidades. El pozo 1710, fue un
pozo no comercial que fue perforado a una profundidad adecuada, pero no se hizo una
produccion consistente. Si los valores de rayos gama no verifican esta tendencia, pueden
indicar por lo tanto un falso positivo. A pesar de la lectura de la radiacion y la posibilidad
de una perforacion inadecuada o de técnicas de afinacion, la informacién histérica de los
pozos incorporada en el mapa de perfil 1702, mostrando que el pozo 1710 no produce,
puede indicar que el drea no es adecuada para perforacion comercial. Por la correlacion de
las 4reas donde una elevada posibilidad de hidrocarburos, fue computada con la
informacién histérica de los pozos, el sistema puede chequear la exactitud de sus calculos y

predicciones sobre la presencia de hidrocarburos bajo el area de interés.

Numerosa informacion sobre los pozos existentes, que puede ser incorporada en el proceso
de deteccién mapeo/hidrocarburos, puede obtenerse a través de agencias publicas como la
Texas Railroad Commission u otras oficinas publicas. Los datos pueden igualmente ser
obtenidos de servicios pagdos como Drillmap, Drilling Info, e IHS. Fuentes de datos como
éstas pueden también proporcionar informacién empleada en el proceso de mapeo, como
las linea de seccion, las lineas del condado y carreteras, etc. La geologia y bésica del 4rea
puede ser adquirida y considerada en el proceso de hacer mapas. Esta informacién incluye
la porosidad, grueso de la formacién, las formaciones, saturacion de petrdleo, etc., todo lo

cual puede ser incorporado en el proceso de deteccion de hidrocarburos.



29

En casos donde una fuente externa (como el comprador o usuario del proceso) tenga
informacién adicional que pueda ser usada, la informacién puede ser incorporada en el
proceso de deteccion de hidrocarburos. Generalmente, el sistema puede obtener un mapa
plano con los limites exactos del 4rea de concesion, de tal manera que durante el trabajo de
imagen del campo, éstos permanezcan dentro del area designada. Si el operador o el
productor tienen informaciéon como mapas de la estructura o mapas sismicos, éstos pueden

ser usados como mapas de base y sobreponer la informacién adicional.

La informacién histérica sobre pozos en y alrededor del drea de interés puede ser usada
para clasificar y lotizar los datos para exhibir el ntimero API, el nimero del pozo, la
produccion acumulada de petrdleo, la produccion acumulada de gas, etc. Una tabla puede
ser insertada en el mapa, que exhiba toda la informacion, junto con el color para las

formaciones individuales.

Tal mapa, presentando la informacién histdrica de los pozos, es beneficioso para relacionar
la superficie registrada en cuentas por segundo, con zonas de produccién potencial y la
profundidad de las formaciones individuales. Si las cuentas por segundo de la radiacién son

suficientemente bajas, ella justifican una formacion objetivo potencialmente mas profunda.

Los pozos pueden por ejemplo, ser clasificados por cuanto gas o petréleo estan produciendo
o0 han producido. Un circulo con el correspondiente color, puede ser usado para diferenciar
el drea de localizaciones de las formaciones productoras. Estas pueden ser utiles para
determinar las posibles tendencias de los valores de rayos gama y su alineacién con las

tendencias de las formaciones particulares.

Sistema

'
La figura 18 muestra un sistema 1800 para detectar depoésitos de hidrocarburos de acuerdo
con una caracterizacion de la invencion. El sistema puede incluir un sensor 10, como se
describe previamente, incluyendo contadores de centelleo, el receptéaculo y un conjunto de
circuitos para detectar la radiacion. El sensor 10 se puede encontrar en comunicacién con

un dispositivo de computacion 1804.
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A través de un cable de datos 1806, el sensor 10 se puede comunicar con el equipo de
computacion 1804, empleando cualquier red Blue Tooth ®, una red celular, etc. El sistema
1800 puede también incluir un receptor GPS 1807 para determinar la posicién del sistema,

mientras el sensor 10 detecta la radiacién en el drea de interés.

En una caracterizacion, el sistema 1800 puede incluir multiples equipos de computacion,
los cuales ejecutan parte o todo el software incluido dentro del sistema 1800. El equipo de
computacioén puede ser local, o localizado a través de una o mas redes a través de la cual

éstos se pueden comunicar.

El equipo de computacién 1804 incluye un procesador 1808, una memoria 1810 y un
equipo de almacenamiento no volatil 1812 (por ejemplo un disco duro). La memoria 1810
y/o el equipo de almacenamiento 1812 pueden guardar las instrucciones de software, las
cuales cuando son ejecutadas por el procesador 1808, determinan que el sistema de
computacion realice operaciones que implementen la invencion. Tales operaciones pueden
incluir, pero no se encuentran limitadas a recibir las medidas de radiacién del sensor 10,
realizando calculos relacionados con la deteccién de hidrocarburos y la producciéon de
mapas y reportes. El equipo de computacién 1804, puede también incluir otros
componentes conocidos en el arte de la computacion, incluyendo pero no limitados a una

pantalla de exhibicion, teclado, un mouse, un audio I/0, un puerto USB, etc.
Operacion

En la operacién, un técnico puede usar el sensor 10 para detectar los depésitos de
hidrocarburos bajo la superficie de la tierra. Una vez que el 4rea de interés ha sido
seleccionada, el técnico puede atravesar el drea mientras toma las lecturas de la radiacion

con el sensor 10.

El sensor 10 puede ser transportado, montado en un vehiculo terrestre o un aeroplano o
remolcado por un bote. Durante la travesia, el sensor 10 puede detectar lecturas de
radiacién que emanan de la tierra, las cuales pueden ser registradas por el equipo de

computacion 1804,
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Una vez que el area ha sido recorrida, el software del equipo de computacion 1802, puede
realizar calculos sobre los datos recibidos por el sensor 10, para generar el nivel de
radiacion basal para el area. Los calculos deben considerar factores externos como los
aspectos geograficos bajo la superficie de la tierra, la informacion histérica de los pozos,

clima, la presencia de radén o agua, etc.

La lectura actual de la radiaciéon puede entonces ser comparada a la basal, en orden a
determinar una diferencia entre las lecturas y la linea de base. Basada en la diferencia, el

software puede determinar si la presencia de hidrocarburos es posible en la localizacion.

El software puede también producir mapas de perfil para visualizar los depédsitos de

hidrocarburos en el area.

En una caracterizacion, los mapas pueden incluir un mapa de la subsuperficie que muestre

la localizacién, forma y/o volumen de los posibles depositos de hidrocarburos.

Los posibles depositos de hidrocarburos, pueden entonces ser evaluados por su valor

comercial antes de la perforacion de un pozo para extraer los depdsitos.

Habiendo de este modo descrito las caracterizaciones preferidas de la invencion, se debe
comprender las numerosas modificaciones y adaptaciones que pueden ser recurridas, sin

apartarse del alcance de la invencion, la cual se define por las siguientes reivindicaciones.
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1.

REIVINDICACIONES
Reivindicamos:

Un sensor para medir la radiacién que emana de la superficie de la tierra, el sensor
comprende:
v Un receptéculo;
v' Al menos un contador de centelleo, acomodado dentro del recepticulo,
estructurado para convertir la radiacion que emana de la superficie terrestre en
un pulso de luz; y
v" Un circuito, conectado a un contador de centelleo, que traslada el pulso de luz a
una sefial eléctrica, y separa la sefial eléctrica en las sefiales componentes para la

medicién de datos y su posterior visualizacion.

Un sensor como se sefiala previamente en la reivindicacion 1, en donde el receptaculo
incluye un mecanismo para minimizar el dafio al contador de centelleo y el circuito de

la agresion fisica.

Un sensor como se sefiala previamente en la reivindicacion 1, en donde el receptaculo

es esencialmente adecuado para liquidos, para ser usado por debajo del agua.

Un sensor como se sefiala previamente en la reivindicacion 1, en donde el receptaculo
incluye un pistén con un terminal distal para acceder a superficies bajo el agua, para
permitir que el contador de centelleo detecte la radiaciéon que emana de la superficie

debajo del agua.

Un sensor como se sefiala previamente en la reivindicacion 1, en la cual el receptaculo
incluye una estructura tubular, dentro de la cual se acomoda el contador de centelleo y

el cual puede ser remolcado a lo largo de una superficie bajo el agua.
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10.

11.

12.

13.

Un sensor como se sefiala previamente en la reivindicacion 1, que ademds comprende
un sistema de posicionamiento del sensor, por manera que la posicién puede estar

asociada con las medidas de radiacidn realizadas por el sensor.

Un sensor como se sefiala previamente en la reivindicacion 6, en donde el sistema de

posicionamiento es un GPS.

Un sensor como se sefiala previamente en la reivindicacion 6, en donde el sistema de
posicionamiento es un sistema de posicionamiento por debajo del agua, que puede

detectar la localizacion del sensor en un medio por debajo del agua.

Un sensor como se sefiala previamente en la reivindicacion 1, en donde un contador de

centelleo incluye uno de cristales de lutecio itrio bromuro, o una combinacién parecida.

Un sensor como se sefiala previamente en la reivindicacién 1, en donde el circuito
incluye al menos un controlador programable, para separar las sefiales eléctricas en las

sefiales componentes.

Un sensor como se seflala previamente en la reivindicacion 1, en donde las sefiales
componentes incluyen sefiales representativas de la radiacion recibida de una fuente
particular de radiacion, sefiales representativas de la radiacion total medida o una

combinacién parecida.

Un sensor como se sefiala previamente en la reivindicacién 11, en donde las fuentes de
radiacién incluyen uno de los siguientes: uranio, torio, potasio, 0 una combinacién

parecida.

Un sistema para detectar depdsitos de hidrocarburos, el sistema comprendiendo:

Un sensor que puede medir la radiacién que emana de la superficie de la tierra

dentro de un é4rea de interés y separar la radiacion medida en las sefiales
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14.

15.

16.

componentes, cada una con caracteristicas particulares asociadas con una firma de

hidrocarburo; y

Un proceso de computacidn, almacenado en un medio de computacion legible, con

instrucciones que produce un procesador para:
Recibir las sefiales componentes del sensor;

Determinar una diferencia entre las sefiales componentes y la radiacion basal

para el area de interés;

Exhibiciéon de la informacién, mostrando la posibilidad de la presencia de
depdsitos de hidrocarburos en localizaciones dentro del area de interés, basados
en las diferencias entre las medidas de radiacion y la radiacion en la linea de

base.

Un sistema como se sefiala previamente en la reivindicacion 13, en donde las sefiales
componentes incluyen una de:

las sefiales representativas de la radiacién recibidas de una fuente particular de
radiacion,

sefiales representativas de la radiacion total medida,

0 una combinacién parecida.

Un sistema como se sefiala previamente en la reivindicacién 13, ademds contiene las
instrucciones que determinan al procesador generar a partir de la radiaciéon medida, uno

0 mas mapas del 4rea de interés.

Un método para determinar si los depositos de hidrocarburos se encuentran presentes, el
método consiste en:
Establecer por un sistema de computacion, la cantidad de radiacién basal que se
espera emane del drea de interés;
ajustar por el sistema de computacién, la cantidad basal de radiacién, por la
incorporacion en la linea de base de un cambio predecible en la radiacion, debido a

factores de interferencia que se encuentran presentes en el area;
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medir con un sensor de radiacion, la radiacién que emana del area de interés, y
determinar, basado en la diferencia de radiacion entre la linea de base y la radiacién
medida, la posibilidad que los depdsitos de hidrocarburos se encuentren presentes

en el area.

17. Un método como se sefiala previamente en la reivindicacion 16, en donde en la fase de
ajuste, los factores de interferencia incluyen los caracteres geograficos, carreteras,
informacidn histérica sobre los pozos, agua por debajo de la superficie, informacién

sobre el clima o combinaciones parecidas.

18. Un método como se sefiala previamente en la reivindicacion 16, en donde en la fase de
determinacion, la diferencia es producida por material bajo una superficie del area de

interés que bloquea la emanacion de radiacion.

19. Un método como se sefiala previamente en la reivindicacién 16, que ademas de la
radiacién medida, comprende la generaciéon de un mapa del drea que muestra la

posibilidad de que los depésitos de hidrocarburos se encuentren presentes en el 4rea.

20. Un método como se sefiala previamente en la reivindicacion 19, en donde el mapa es un
mapa con los perfiles representando una de:
las diferencias entre la cantidad de radiacién en la linea de base y las mediciones de
radiacidn recibidas del sensor,
la radiacioén medida total,
las sefiales componentes derivadas de la radiaciéon medida,
la posibilidad que los depésitos de hidrocarburos se encuentren presentes, o una

combinacién parecida.

21. Un método como se sefiala previamente en la reivindicacién 19, en donde el mapa
incluye informacién de un estrato bajo la superficie, en particular localizaciones sobre
el perfil del mapa, asi como proveer corelaciones entre los estratos conocidos y las

medidas de radiacion.
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22.

23.

24.

25.

26.

Un método como se sefiala previamente en la reivindicacion 21, en donde la

informacion sobre el estrato de la subsuperficie incluye los bloques de rayos gama.

Un método como se sefiala previamente en la reivindicacion 16, que ademdas comprende
la medicién de la radiacién con un sensor de radiacion mientras se atraviesa el area de
interés, de manera que se pueda crear un mapa de radiacion con mediciones a través de

la superficie del area.

Un método como se sefiala previamente en la reivindicacién 16, que ademas comprende

la asociacion de una posicién con las medidas de radiacién que pueden ser mapeadas.

Un método como se sefiala previamente en la reivindicacién 16, ademas comprende la
extrapolacion de las medidas de radiacion sobre las localizaciones dentro del drea de
interés, donde no fueron tomadas medidas de radiacién para inclusién en un mapa de

lecturas de radiacién.

Un método como se sefiala previamente en la reivindicacién 16, ademas comprende la
visualizacién de un mapa que incluye la representaciéon visual de capas de sustrato,
basadas en la presencia de rayos gama bajo el drea de interés, para la determinacién de

la cantidad de depdsitos de hidrocarburos en el area de interés.
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RESUMEN

Un sistema y método para la deteccion de depésitos de hidrocarburos que incluye un
sensor que puede medir la radiacién que emana de la superficie terrestre dentro de un
area de interés y separa la radiacién medida en sefiales componentes, cada una teniendo
una caracteristica particular, asociada con la presencia de depdsitos de hidrocarburos. El
sistema también incluye un procesador, que puede recibir las sefiales componentes del
sensor, determinando una diferencia entre las sefiales componentes y la radiacion basal
del area de interés, y exhibe datos que muestran la posibilidad de la presencia de
depésitos de hidrocarburos en localizaciones dentro del area de interés, basados en la
diferencia entre la radiacién medida y la radiaciéon en la h’ﬁea de base. El procesador

puede también generar mapas del area de interés.
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nombro por el presente a los Drs. CARLOS FERNANDO MORENO GARCIA Y/O NANCY
MILENA SANDOVAL VALBUENA, apoderados verdaderos, y legales con el poder
especial, amplio y suficiente, para recabar de las oficinas y autoridades de COLOMBIA |a
obtencion de signos distintivos tales como registros de marcas, lemas comerciales, deposito de
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esquema de circuitos de trazados industriales. Para cumplir cabalmente con el presente
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documentos de cesion y/o de traspaso a nuestro nombre, asi como para otorgar licencias,
todas las mencionadas actuaciones guiados bajo nuestras indicaciones e instrucciones. Se les
faculta para presentar administrativa o judicialmente demandas contra terceros que pretendan
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represento.

!@@&S@_@m a dully licensed Notary in Texas, did witness the execution of this
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Hydrocarbon Detection System and Method

FIELD OF THE INVENTION

[0001] The instant invention refers detection of hydrocarbon deposits in the earth.
More particularly, the invention relates to locating oil, natural gas, or other fossil deposits
through the detection, logging and charting of both the beta and gamma rays emitted

from the earth basement.
BACKGROUND

[0002] Seismic detection of oil and gas can be costly, time consuming, and
inaccurate. Additionally, in order to provide accurate results, seismic graphing often
requires that the survey be expanded into areas surrounding the immediate area of
interest. This can be very expensive for the party purchasing or contracting the data, and
in some cases the data may not be available for the party in a commercially viable time

frame.
SUMMARY OF THE INVENTION

(0003]  The present invention relates to the detection, logging and charting of
atomic radiation of the earth. The radiation may be used to detect oil, natural gas, or
other fossil fuels. The invention may be used at sea, on land, on or near the ocean floor,
on or near dry land masses, on or near marsh bottoms, on or near inland sea bottoms, etc.

[0004) The present invention may detect radiation and for maps including
subsurface structure contour characteristic alterations brought about as the result of
thermalization, pressure, and vertical migration, or blocking of the neutron, particularly
due to hydrocarbon and/or brine concentrations in porous media of the earth sediments
beneath the indigenous aqueous body.

[0005] One object of this invention is to provide the method and/or system for

using earth radiation (e.g. radiation from the earth basement complex and from
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radioactive elements in earth sedimentary formation members) to facilitate detection of
oil and gas, by the blocking, adsorption, and thermalizing effects of the hydrogen atom
upon the neutron, and the receiving and logging of all beta and gamma rays and radon
gas attendant to such neutron activities.

[0006]  The instant equipment and materials used in topographical data gathering
include one or more of the following: 1). a single element or a series of multiple elements
of a full spectrum or total count sodium iodide, germanium, or similar polycrystalline
materials, and a photomultiplier tube, amplifier, circuitry, and connecting electronics. 2.)
a structural platform and electronic configuration so as to integrate and connect power
sources and facilitate data transfer. 3). a composite connecting cable system for power,
data transfer, and towing 4.) a shock absorbing encasement, i.e. hose, spayed coating,
non-absorbing foam, plastic. 5). additional geoscientific survey instruments, i.e. sonic
tool, gamma ray neutron density, resistivity, magnetic, density, neutron, temperature,
pressure, side sampler. 6.) a receiving controller of electronic data 7.) Computer System
for storing, organizing, and retrieving data 8.) A modeling program for data input and
interpretation,

[0007]  The equipment and materials may be used, for example, to image and
document of gamma ray and other anomalies beneath the surface of brackish, fresh, or
salt water bodies. The equipment and materials may also be used to image gamma ray
and other anomalies on land. Total count and individual count gamma rays, or other
neutron counts, may be used for the identification and interpretation of oil and gas
accumulations for offshore bodies of water, or subsurface accumulations on land. The
presence of hydrocarbons in shales, sandstones, limestones, vugular limestone-dolomite,
dolomite, salt domes, or a combination of any of the above formations may be detected,

[0008] The system may be customized to include a multiple array of sodium
iodide, germanium, and/or berrilium crystals along with specific supplemental

instruments that include but not limited to the following:

a. Total count Gamma Ray
Gamma Ray Full Spectrum: l.e. individual count elements, uranium, thorium, and
potassium

¢. Sonic Full Wave tool
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Conductivity

Gamma ray neutron density tools

Gravitometer

Magnetic locator tools

Electro Magnetic tools

Magnetometer

General Neutron tool

k. All Density tools, i.e. compensated density, near density, far density, high resclution
density,

I.  Accustic Televiewer

m. Spontaneous Potential

Total Resistivity tools, i.e. fluid resistivity, guard resistivity, lateral resistivity, guard

resistivity,micro resistivity , Single point resistance

Temperature tools

Vibration Indicator

Fluid Sampler

Petro Sonde tool

oTm -~ 0o o

s

2
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The system can analyze the data and integrate this data into a composite mapping array
that can pictorially relate the location and intensity of both hydrocarbon strata as well as
various closure mechanisms that include but not limited to the following structural and
stratigraphic traps:

a. Domes

b. Faults

c. Reverse Faults

d. Anticline

e. Synclines

f. Water-Oil Contact

g. Water saturated reservoirs

[0009]  Other objects and advantages will become apparent in the following

specification when considered in light of the attached drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color drawing(s) will be
provided by the Office upon request and payment of the necessary fee.

(0011]  Fig. 1 shows one embodiment of the system for sub-aqueous

measurement.
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[0012]  Fig. 2 depicts various radiation counts.

[0013]  Fig. 3 is a table containing an example of raw data received by the system.

[0014]  Fig. 3b is a map showing radiation counts.

[0015]  Fig. 4 is a contour map.

[0016]  Fig. 5 is a three dimensional projection of a contour map.

[0017]  Fig. 6 is an example of hydrocarbon reserves and recovery data.

[0018]  Fig. 7 is a spectrum gamma ray & contour interpretation.

[0019]  Fig. 8 is a flowchart showing a sample process for deploying the
invention(s).

[0020] Fig. 9 includes images of equipment, drawings, and user interfaces.

[0021]  Fig. 10 is a cable / assembly drawing.

[0022] Fig. 11 is a flowchart showing a sample process for an embodiment of the
invention(s).

[0023] Fig. 12 is a post map.

[0024]  Fig. 13a is a contour map sample.

[0025] Fig. 13b is a contour map sample.

[0026] Fig. 14 is a satellite map sample.

[0027]  Fig. 15 is a satellite map sample.

[0028] Fig. 16 is a topography map sample.

[0029] Fig. 17 is a drawing showing reserve estimate data.

[0030] Fig. 18 is a 3D contour map.

[0031]  Fig. 19 is a formation and/or hydrocarbon deposit map.

[0032] Fig. 20 is a drawing showing reserve estimate data.
DETAILED DESCRIPTION

[0033]  The equipment and materials may be used, for example, to image and

document gamma ray and other anomalies beneath the surface of brackish, fresh, or salt

water bodies in order to detect the presence of oil, gas, or other hydrocarbon deposits.

The equipment and materials may also be used to image gamma ray and other anomalies

on land and/or beneath the ground. Total count and individual count gamma rays, or

other radiation counts such as beta rays, etc, may be used for the identification and
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interpretation of oil and gas accumulations for offshore bodies of water, or subsurface

accumulations on land. The presence of hydrocarbons in shales, sandstones, limestones,

vugular limestone-dolomite, dolomite, salt domes, or a combination of any of the above

formations may be detected.

[0034]

The system may be customized to include a multiple array of sodium

iodide, germanium, and/orpolycrystallinecrystals along with specific supplemental

instruments that include but not limited to the following:

bb.

Total count Gamma Ray: Interpretation of total gamma ray count

Gamma Ray Full Spectrum: I.e. individual count elements, uranium, thorium,
and potassium:Interpretation of individual gamma ray elements within a
limited millivolt energy spectrum so as to identity the individual signatures.
Sonic Full Wave tool: An active pulse tool so as to identity porosity and
permeability mattices withing the formation rock structure.

Conductivity: Measurement of electrical sensitivity to water saturations and
content.

Gamma ray neutron density tools: Active inducement of man made
radioactive isotopes so as to measure hydrocarbon absorption characteristics
of the rock of a given formation strata.

Gravitometer: Measurement of a formations gravitational response with
baselines against known structures contrasted to the earth’s polarities.
Magnetic locator tools: Measurement of magnetic tendencies to the
indigenous iron elements in a given formation,

Electro Magnetic tools: Commonly known as magneto-telluric identifies a
combination of electrical and magnetic properties in which known formations

can be quantified for hydrocarbon content and possible formation depth.

. Magnetometer: Measurement of magnetic tendencies to the indigenous iron

elements in a given formation,

General Neutron tool: A specially tuned device so as to trace and identify the

more active and short lived neutron movement within the formation.
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cc. All Density tools, i.e. compensated density, near density, far density, high
resolution density, : These tools identify bulk concentration within the pore
spaces of a given formation thus quantifying porosities and associated
permeabilities of a formation.
dd. Accustic Televiewer: A speciality tool that mirrors the near faulting lenses of
a formation from a vertical portal.
ee. Spontaneous Potential: This tool measures the electrical potential and thus
quantifies the interplay between oil and water content within a reservoir.
ff. Total Resistivity tools, i.e. fluid resistivity, guard resistivity, lateral resistivity,
guard resistivity,micro resistivity , Single point resistance: This measurement
tool induces an electrical pulse and current into a given reservoir thus
identifying oil and water content ratios.
gg. Temperature tools: A simple tool that measures temperatureVibration
Indicator: A simple tool that measures vibration and contact with a side wall
on a vertical plane or a horizontal plate.
hh. Fluid Sampler: A manual or automatic portal that opens a retention chamber for
sampling water and/or solid samples.
ii. Petro Sonde tool: A specialty tool that incites a strong sonic echo pulse so as to

identify formation anomalies and their depth.

[0035]  The datum acquired subaqueous search surfaces may be based upon
identifying interference factors and establishing trends favorable to the presence of
hydrocarbons to depth. This type of geological or engineering mapping may be finite in
only producing geophysical phenomena consistent with historical trends and experience
of the inventor and other sanctioned investigators of the georadiometric methodologies
that have had a positive and direct relationship relative to the positive location and
delineation of oil or gas accumulative deposits beneath the earth and ocean surfaces.

[0036]  In contrast to conventional geological or engineering mapping of certain
geological horizons of specified earth stratum, the datum acquisition may result from
receiving, logging and charting of all the beta and gamma rays produced from the earth
basement complex, and radioactive elements inherent in all earth sedimentaries from the



Express Mail Label No. EV383576936US
Atty. Docket No. 133000-010100/PRO
earth basement complex up to the earth surface based upon definite minimum time
periods of reception. The system may also log and plot variations of reception of these
beta and gamma rays and radon gas, which may show blocking, absorption, and
thermalization of the neutron by hydrogen and hydrogen association as a corporate part
of or associated with earth sedimentaries.

[0037]  There may be three primary factors involved in the blocking, absorption or
thermalization of the neutron, and the reception of radiation from the earth bearing
concentrations of highly radioactive agents. For example, (1) the inevitable variation of
the depth of earth basement complex materials from the earth surface. (2) The invariable
variations in the thickness of earth sedimentary strata resulting in variations of
incorporation of radioactive elements in each respective member from the earth basement
complex to the land surface. (3) The concentration of hydrocarbons, oil and gas, in
porous or highly crystalline sedimentary members or formations of earth strata. Since
hydrocarbons, oil, gas and paraffin are the principal natural sources of hydrogen,
normally concentrated in porous or highly crystalline rock beneath the earth surface, it
follows that oil or gas accumulations in earth strata, in any concentration, will bring about
proportional blocking, thermalization or absorbing of the neutron associated within and
passing through such media.

[0038]  Beta and gamma ray and radon gas reception at the search surface are
coexistent, and may be inseparably associated with neutron activity throughout
subsurface radiation. Since neutron activity and its consequent effects upon the beta and
gamma ray activities are alternately activated, it follows that radiation received at the
earth surface may allow for the slowing down of such activities. Slowing down and
indeterminate reception of the gamma and/or beta rays at the earth surface is in the order
of uncertainty of continuous reception that reception and monitoring for datum values at
high speed reception calibrated in seconds of only the gamma ray particularly, prohibits
the possibility of accurate and dependable datum for geological structure contouring. This
particularly applies to the use of scintillometer reception of gamma rays at high altitudes
and at high speeds. Such gamma ray reception and monitoring produces wide and "high
peaks" and values over miles of terrain and so-called "halo" patterns bordering oil and

gas reservoirs beneath the subaqueous search surface. Accordingly, the system may be
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calibrated for slow speed, surface, close proximity to land surfaces, submersion to the sea
floor, or any other environmental factor that may affect detection of beta and/or gamma
rays.

[0039]  The most effective elements present in sedimentary strata in blocking the
neutron and attendant radiation in passing into such strata may be hydrogen 100 and
carbon 15 which equates into a 115.8 cumulative effect and baseline value, with the
singular exception of lead which is extremely rare. Brines, or salt water, commonly
present in sedimentary strata, offer the maximum of 37.8 in blocking, absorption, and/or
slowing down of the neutron. Thus, it is clear that hydrocarbons which equate 115.8 as
against brines of 37.8 are far more effective in blocking the passage of neutrons and
attendant beta, gamma rays, and radon gas through this area.

[0040]  The inevitable variations in the thicknesses of the earth's strata naturally
and inevitably result in the variation of the reception of the neutron and attendant
radiation at the earth's surface even though there are no hydrocarbons in the buried strata.
It is important therefore that the radiation levels from the buried subsurface structural
conditions of the earth be indexed and mapped accurately using georadiograph surveying
techniques and methods.

[0041] Referring now to the drawings in detail, wherein like reference characters
indicate like parts throughout the several figures, FIG. 1 indicates generally the
methodology of implementing a subaqueous georadiograph investigation,

[0042] When measurements are to be made as to the amount of radiation, a
sodium iodide or like-kind scintillation crystal may be used in a towed array encased in a
vibration dampening housing. Measurements may also be made from other vehicles,
such as cars, trucks, helicopters, airplanes, etc. Measurement may also be made by a
person on foot. Measurements may be made by any vehicle, device, or person having the
the equipment to make the measurements. The measurements may also be made over
land or sea, from the air, or under the surface of the sea.

[0043]  The georadiograph surveyor records all radiation data obtained at each of
these plurality of data points and from this data accurate contouring is done, resulting in
accurate geological subsurface structural determinations. In addition thereto, positive and

accurate detailed mapping of buried oil and/or gas reservoirs are obtained regardless of
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the depth, type or their respective geological slructural\ positions. In areas where the
topography, debris and/or reef beds prohibits such ideal grid pattern the georadiograph
surveyor traverses the search area at points that are advantageous to recording data that is
the most accurate and finite determinations.

[0044]  The radiation data may be associated with position/location data in order
to provide a mapping. For example, a GPS system, or other positioning system (such as a
gyroscope, dead reckoning system, etc), may be used to associated the radiation data with
a location where the radiation data was obtained. Associating a location with the
received radiation data may allow the data to be mapped onto a map or grid for additional
processing and identification of locations that are rich in varying degrees of hydrocarbon
material, oil, and/or gas, or which are void of such hydrocarbon material, oil, and/or gas.

[0045]  FIG. 2 depicts a typical color code used for scalability of data points. As is
consistent with the aforementioned absorption tendencies, the lower counts (on the left
side of the figure, in the red and yellow color ranges) correlate to a higher concentration
of hydrocarbons. The higher counts (on the right side of the figure in the green and blue
color ranges) correlate to a lower concentration of hydrocarbons. FIG. 3 represents the
raw data in which a modeling program can cut and fill and thus contour the anomalies.

[0046] FIG. 4, 5 and 6 provide representative interpretive maps for the
determination of hydrocarbon reserves.

[0047] As a summary of the information shown on FIG. 1-6, the georadigraph
methodology herein described depicts the unique, novel, new and useful apparatus,
process, and values attributed to the use of radiation laws governing the radioactive
neutron and attendant radiation emanating from the earth's interior beneath the
overburdened stratified members beneath aqueous bodies, traveling always vertically
from the earth's interior, through sedimentary deposits to the subaqueous surface, brings
into practical use the inherent value of the ratio of the slowing down, absorbing, and/or
blocking effect of the elements common in all earth strata overlying the earth's basement
complex.

[0048]  In interpreting the georadiograph map, contours, contour symbols, faults,
and so forth are read in precisely the same manner as all geological subsurface maps. The

data presented however represents the actual exactness of measurements of the varying
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quantity of received neutrons and/or beta, gamma rays and radon gas and/or protons
caused by two principal factors, that is: first, the effects of the blocking and/or absorption
or thermalizing of certain elements in the earth's stratosphere; second, the effects of the
varying thickness of formation deposits. These measurements do not necessarily
represent measurements of depth in feet as to certain or specific formations in the earth's
stratosphere. They do however indicate the locations of faults, and the locations and
delineations of hydrocarbon in buried formations regardless of their geological structural
position. Thus the features outlined by the georadiograph survey give accurately, in fact,
not assumed, or projected in any manner, the structural delineations in every respect.
[0049] Further calculations using Lambert’s Law for nuclear adsorption rates can
be used to estimate the quantitative amount of hydrocarbons in an assumed or known

geologic structure. Lambert’s Law is defined as follows:

— -mx
I1=1¢
|
* 1 =Incident Radiation I
« 1= Emerging Radiation ]
* m = Absorption Coefficient of Matter %
+ x = Thickness of Matter l
+ m for Oil or Gas is unique [

[0050] Barrels of Oil Equivalent (“BOE”) per acre foot can be calculated using
incident radiation readings correlated to standard porosity and permeability constants.
FIG. 6 depicts the estimated quantity of oil and gas deposits using the combined
mathematics and nuclear physics of the georadiograph methodology. The formulas used
in calculating quantities of oil and gas using absorption characteristics and tendencies of
gamma rays within a given formation is similar to established reservoir engineering. One
must know the following: a) cubic feet within a one foot section of an acre (7758 cubic
feet) b). Porosity of a fomation(nonnélly this ranges between 10% and 30%) c) Water
Saturation of a formation (normally this ranges from 15%-35%). Both sciences use

mathematical equations in a volumetric “ cut and fill” model to calculate the net
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concentration of hydrocarbons. Adjustments for pressures and temperatures may also be
included in the calculations.

[0051]  Using Lambert’s Law one can measure and estimate the transmissity of
the individual nuclear elements through know strata and its contents: i.e. sandstone,
limestone, shale, brine water, natural gas, light hydrocarbons, heavy hydrocarbons. In
formulating a baseline, one can establish a “zero hydrocarbon chimney” whereby no
absorption of the gamma rays is occurring within a given physical area and the readings
from all adjacent areas are likewise identified and averaged to form the basis of all maps.
A baseline reading of 180 counts per second or greater at the “surface survey point”
signifies no commercially viable hydrocarbons are present “to depth”, Furthermore, the
lower the counts per second indicate the graduated absorption of more gamma rays and
thus indicates stronger vertical migration of hydrocarbons as a result of the redox cell
thermalization. One can then surmise that when one has a lower gamma ray count, the
more hydrocarbons are present to effect the absorption. A 160 count per second area will
have fewer hydrocarbons present than that of an area with 130 counts per second. All of
these counts can be directly calculated to estimated the gross hydrocarbons present in a
given area. The commercial viability can then be calculated depending upon the cost of
acquisition of the property, the cost of drilling and completing the well, and the total
available production of oil and gas.

[0052]  The interpretation of the individual gamma ray elements, Uranium,
Thorium, and Potassium and their relationship to the trends of identifying hydrocarbon
and non-hydrocarbon anomalies is varied and controversial. FIG. 7 is a mapping
compilation of a basic georadiograph and the three elements. Advocates of the DRAD
theory follow the assumption that thorium is a constant element while uranium and
potassium are influenced by acid decomposition and dilution of water. The DRAD
computation is a normalized equation of each element and ratios of each element to the
other can be interpreted to establish trends in hydrocarbon anomalies. In any case, the
computation of the ratios of each element and its total count, should be included as a
possible factor in validating hydrocarbon and non-hydrocarbon anomalies.

[0053] The distance in which all gamma ray tools can penetrate the surface of the

earth is limited to a meter or two. It is imperative that in all subaqueous environments, the

11



Express Mail Label No. EV383576936US
Atty. Docket No. 133000-010100/PRO
gamma ray must me submerged into the immediate top of the seéj bed so as to be in direct
contact with the gamma ray absorbing sands and muds. If the tool raises off the bottom,
all gamma ray readings will cease due to the dispersion and absorption by the sea water.
It is the novel configuration of the gamma ray crystals and its support structures that
make it able to be pulled on the sea bottom under severe conditions.

[0054] For example, gamma ray crystals and other radiation detectors used to
detect the presence of hyrdocarbon may typically be deployed in a substantially vertical
manner. Crystal detectors may be dropped or lowered vertically into a well bore or other
hole in the ground, where they may be used to collect radiation measurements. Using the
detectors within a well bore may not exert large amounts of physical stress on the
detector because there is little motion and few external forces exerted on the detector
once it is lowered into the hole.

[0055] In contrast, a gamma ray crystal or other radiation detector of the present
invention may be deployed underwater. The detector may be housed within a host, for
example, which may be dragged behind a boat, buoy, or other sea-going vessel or device.
The hose may be connected to a cable, which in turn may be attached to the sea-going
vessel or device. Pulling the detector horizontally across the sea floor may exert stress
upon the detector due to the pulling force and/or any obstacles encountered by the
detector as it moves across the sea floor. Accordingly, support structures may be
required to prevent damage to the detector.

[0056] In one embodiment, the cable and hose configuration (as shown in Fig. 1,
for example) may include features to prevent or limit damage to the detector. For
example, the hose and/or cable may include strain relief mechanisms that reduce jarring
forces from damaging the equipment as it is pulled across the ocean floor. Figure 10
shows an example of cable head assembly with cable windings that may act as a strain
relief and provide enough connective force to keep the equipment from becoming
dislodged from the cable and lost.

[0057] Other features and structures may be included to prevent the equipment
from becoming damaged or lost. For example, robust connectors, adapters, shock

absorbers, strain reliefs, electrical components, housings, water-tight apparatus, or any
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other type of device or mechanism to prevent loss or damage of the detector while is it
dragged across the sea floor may be utilized.

[0058]  The measurement and calculations of the various elements begin as a
matter of conversion of the radiation thresholds within the sodium iodide crystal. This
reception of total count radiation is then converted to light impulses and boosted using
photomultiplier tubes. As an electric signal, this data now becomes embedded into the
transmission received by the computer and its programming. The software program is
then used to interpret the data and to construct the maps so as to visually interpret the
hydrocarbon concentrations and faulting structures. The modeling program has
established and sophisticated parameters that enable the expediting of the interpretive
maps. Skill and experience plays heavily in the creation of the end product. It is this end
product that incorporates support data gained from published records, i.e. Drilling
Info.com, state energy records, Google earth mapping, USGS mapping, and producer

provided mapping.

Hydorcarbon Detection Process

[0059] Figure 11 depicts one embodiment of a hydrocarbon detection process.

[0060]  Box 1. Field Work

[0061]  Onshore: An individual or team of technicians may be deployed to the
lease or work area. They may traverse said lease area with an all-terrain vehicle, walk
with a backpack, or employ low level fly-overs, etc. Equipment for detecting
hydrocarbon (e.g. by counting or monitoring radiation) may be mounted or carried so that
the various displays and readings can be checked for operational integrity. The equipment
may record radiation at predetermined timing intervals. The radiation may include, or be
produced by, one or more of the following: gross gamma ray counts, individual elements
of Potassium, Uranium, and Thorium, etc. The equipment may also record location
information, such as longitude, latitude and elevation during this provccss. The data may
be stored in various files, memories, or storage elements such as LAS, CSV, and PDF
files, and the like.

[0062]  .Offshore: A team aboard a vessel may plot out a traverse grid ahead of

time. The traverse grid may take into account water depth and possible debris along the
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bottom. A tool for recording radiation and/or detecting hydrocarbon may be pulled along
the sea floor.
[0063] Box 2. Send Data to the Office
[0064] The data may recorded to comma-separated valued files i.e. csv, las; these
files may then sent to the office or downloaded from the laptop computers. Generally,
after the field imaging is completed for that day, the files are sent electronically to a field
office or central location for processing and mapping. One skilled in the art will
recognize, however, that various methods of communication may be employed to send
the data to a central office, including, but not limited to: various data files (e.g. CSV,
XML, TXT, etc). Data may also be streamed, faxed, or otherwise transmitted to the
office location in any viable method of transmitting the data.
[0065]  Box 3. Begin Research
[0066]  Research of the site in which imaging took place may be performed.
Supplemental data for research may be garnered from multiple sources, i.e. state or
national energy offices and their archives, Fee-paid data banks, internet articles and
studies, company provided maps and geoscience reports (seismic, stratigraphic work,
geochem, etc.), university studies, third party geology.
[0067] 4. Locating Exact Imaging Area
[0068] The data files may be used to determine exactly were the imaging took
place. As discussed, the data may include location data such as latitude and longitude
where the readings took place. These latitude and longitude coordinates may be used to
locate the site in question. The coordinates and/or readings may be overlaid on maps
based upon established state plane coordinates and/or satellite mapping. An example of
such an established state plane is a map acquired from the Google Earth® software.
[0069] Box 5. Determining Interference Factors
[0070] Before the data can be interpreted, interference factors within the specific
lease may be considered and recorded by the field technician. Interference factors may
be man-made or geophysically based, both on the surface and in the subsurface strata.
Man-made interference factors include, but are not limited to, excavated road material
either locally sourced or remotely sourced. Oiled roadways may sometimes skew the data

and must be either avoided when possible because oiled roadways may affect the
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monitoring of radiation from the earth. Oil spills and seeps may also be identified and
avoided in order to provide accurate readings and/or determinations as to the presence of
hydrocarbon deposits. Recently plowed fields or ever changing sand dunes may also be
included in these interference factors. Geophysical interference factors may include
naturally occurring structures that contain and generate excessive amounts of gamma rays
or that constrict and absorb excessive amounts of gamma rays. For example, shale
formations are a dominant feature in the interference of taking consistent and reliable
gamma ray readings. In addition, naturally occurring uranium may be identified and
considered as an interference factor.

[0071] Radon gas and certain weather conditions may also be considered
interference factors. Radon gas may be active in both the immediate atmosphere and
ground area during a field survey. Different barometric conditions and dew points can
change the overall counts of the gamma rays to be measured by the field equipment.
Recent or ongoing rain may sometimes affect radiation readings taken from the ground.
In some instances, it may be desirable to take readings only after 2-3 hours have passed
following a rainstorm. The time that has passed between a rainstorm and the readings
may also be entered into the system as an interference factor.

[0072] A field technician may make baseline readings in and around known well
locations, both active and non-active. Baseline readings may also be taken near and
around open quarry pits and outcrops. Rapid and significant changes from low counts to
high counts may be a clear indication of interference factors. Under normal conditions,
with no interference factors present, there may be gradual change between readings by a
factor of 10-20 counts (i.e. radiation readings) per second. If readings increase or
decrease at an accelerated rate in a particular area, or when moving from one area to
another, an interference factor may be present, and may be recorded in the system for
processing.

[0073] Box 6. Consult Field Technicians

[0074]  Field technicians may take notes when detecting radiation. The data
recording program may provide the field technicians with a feature to include comments
on the data points, and/or to change the label or other information for any interference

factor they encounter.
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[0075] Box 7. Interpret Data

[0076]  Based on the report of the field technician and the resulting data, if the
variables are unusable they are removed. For example, if an interference factor cannot be
identified, or cannot be adequately explained and compensated for within the software,
then the data and variables associated with the interference factor or the readings taken
near and about the interference factor may be removed from the data set and not
processed. If the interference factors can be isolated and identified, the readings can be
raised or lower to account and/or compensate for these influences. This is done
automatically or manually by a user of the system for each point of interest.

[0077] Box 8. Generating Grid with Software

[0078] A software application may be used to process the data may be used to
generate a grid of radiation readings. For example, a Contouring and 3D Surface
Mapping for scientists and engineers may be used. The software may overlay,
superimpose, conflate, or otherwise include radiation and location readings onto 3D
surface maps, for example. A grid-based graphics program may interpolate irregularly
spaced and/or scattered XYZ data onto a regularly spaced grid and/or contour map. In
one embodiment, the Z axis may be elevation, and the X and Y axes may be latitude and
longitude. The Z axis may also be used to represent a weight, reading, probability, or
likelihood of the presence of radiation and/or hydrocarbon deposits. The various
radiation counts may be superimposed upon a contour map in order to assist in detecting
hydrocarbon deposits, for example.

[0079]  Gridding Method:

[0080] The software application may provide various ways to apply the data to a
grid and/or contour map. The different gridding methods may employ various
mathematical algorithms for computing the weights (e.g. the number of radiation counts,
the interference factors, etc.) during the grid node interpolation. The Natural Neighbor
method may Be particularly useful for mapping radiation readings and/or detecting
hydrocarbon.

[0081] Consider, for example, a set of Thiessen polygons. If a new point were
added to the data set, these Thiessen polygons would be modified. Some of the polygons

would shrink in size, while none would increase in size. The area associated with the
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target’s Thiessen polygon that was taken from an existing polygon is called the
“borrowed area”. The Natural Neighbor interpolation algorithm may usel a weighted
average of the neighboring observations and/or radiation readings, where the weights are
proportional to the “borrowed area.” This method may not extrapolate contours beyond
the convex hull of the data locations.

[0082]  One form of the Natural Neighbor equation is:

n
Glx.y)- = Z wif(xi.y:)
[0083] =1

[0084) where G(x,y) is the estimate at (x,y), wi are the weights and f(xi,yi) are the
known data at (xi,yi). The gridding methods may use “irregularly spaced” XYZ data and
produce a regularly spaced, rectangular array of Z values. The data does not follow a
particular pattern so the “irregularly spaced” data has many “holes” where the data is
missing. Gridding fills in these holes by interpolating Z values at those locations where
data does not exist between other data. The spacing of the regularly spaced grid is set
based on the size of the imaging project. The smaller the grid spacing increases the grid
line geometries which increase the roundness or smoothness of the contours and surface
appearance of the maps.

[0085] Box 9. Gather Historical Well Information

[0086] One factor that may be considered is the historical production of wells in
the arca. This information may be used to plot the exact well locations during the
mapping process, as well as show possible reasons for the trends found during the
imaging survey. Performing readings and mapping/interpreting the data in and around
historical wells and areas of known hydrocarbon deposits may increase the accuracy of
future readings and/or determinations of the presence of hydrocarbon.

[0087] Furthermore, taking readings in and around existing wells may also
provide valuable information about the well and/or hydrocarbon deposits in and around
the well. For example, taking readings and performing a map/grid analysis in and around
existing wells may help to determine whether the well is producing or dry, whether more
hydrocarbon is present in the area, whether the well was drilled deeply enough, and/or

whether the well is a candidate for re-entry, for example. Other determinations about the
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existing wells may also be made based on radiation readings and/or processing data on
the maps and grids.

[0088] Various information about existing wells, which can be incorporated into
the mapping / hydrocarbon detection process, may be obtained through public state
agencies such as the Texas Railroad Commission. The data may also be obtained from
paid services such as Drilling Info, and IHS. Data sources such as thesc may also provide
information used in the mapping process such as the section lines, county lines, and
roads, etc. The basic geology of the area may be acquired and taken into account in the
mapping process. This information includes the porosity, formation thickness, the
formations, oil saturation, etc., all of which may be incorporated into the hydrocarbon
detection process.

[0089] Box 10. Get Overlay Images from Internet and Software Sources.

[0090] During the mapping, satellite images, topography maps, seismic maps, and
the like may serve as base maps upon which our contour maps and data may be overlaid.
Satellite images are obtained from public locations or services such as the Google Earth®
software, for example. The mapping process may, in some cases, produce maps and
other files that may be opened in Google Earth®. These satellite images may be useful in
determining if a potential well location is accessible or not.

[0091] Box 11. Incorporate any Provided Information

[0092] In cases where an outside source (such as a customer or user of the
process) has additional information that can be used, the information may be
incorporated into the hydrocarbon detection process. Generally the system may obtain a
plat map with the exact boundaries of the lease area so that during the imaging field
work, they stay within the designated area. If the operator or the producer has
information such as structure isopach maps or seismic maps, we use this as base maps
and overlay information.

[0093] Box 12. Begin Mapping

[0094] Once the data grids have been created and the historical information and
base maps are available to begin the mapping process.

[0095] Box 13. Combine All Data to Generate Maps
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[0096] Using a grid file, the software may generate contour maps. The contour
maps may be color coded. The data files may be used to generate post and classed post
maps. A post map may display the XY locations of data with symbols and labels. The
symbols may be used to show the different well types, and may include labels and/or API
numbers. A classed post map may allow the symbols to be set to the same color scale as
the contour maps.

[0097]  The grid may also be used to generate three dimensional projection of
surface maps of the data. The three dimensional projection may include the contour map
as well as other information. The Z values may represent the count per second readings
and the model may have the same color scale as the contour maps and the classed post
map.

[0098] Maps — Some examples are shown, which were obtained by taking
readings in and around the city of Andrews, Texas.

[0099] A. Traverse Map

[00100] a. Post Map

[00101] The post map may be a display of the XY data locations. This may be
generally used to show and locate the traverse path and well locations.

[00102] b. Classed Post Map

[00103] The classed post map may also be a display of the XY locations, but the Z
values of the data can be assigned symbols and colors to establish a scale similar to the
contour maps. These may be used as, or in conjunction with, the satellite traverse maps
to provide a color coded representation. See, for example, Figure 12.

[00104] B. Hydrocarbon Contour Map '

[00105] The contour map may be a two-dimensional representation of three-
dimensional data. Each contour lines may represent an equal Z value across the map. A
color may be set to fill the contour spaces that represent a set interval of Z values.

[00106] a. Favorable Areas

[00107] The favorable area maps may be similar to the contour maps, but may “fill
in” only certain intervals of the contour maps. These maps may be used to highlight
favorable areas which may contain the most hydrocarbons.

[00108] b. Production for Surrounding Area Wells
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[00109] Historical well information for the wells in the area surrounding the
imaged area may be used to sort and plot the data to display the API number, well
number, cumulative oil production, the cumulative gas production, etc. A table may be
inserted into the map that displays all of the information along with the color for
individual formations.

[00110] The wells may be sorted by the producing formation and each formation is
assigned a color. A circle with the corresponding color may be used to differentiate the
layout of the producing formations. These may be useful to determine possible trends of
the imaging align with trends of certain formations.

[00111] c. Individual Element Contour Map

[00112] The equipment may break down the radiation counts per second into four
segments: total counts, uranium, potassium, and thorium. Individual contour maps can be
generated for the values of each element. These maps may help show the differences
between the radioactive elements. The ratios and presence of the elements may help
determine the type of formation present. The surface signatures of the formations from
logs may be compared to the surface readings to determine if similar characteristics exist.
See, for example, Figures 13a-b

[00113] C. Satellite Image with Traverse Map

[00114]  Using satellite images as the base map, the software may provide classed
post map on top of the satellite image. This map may be used to show exactly where the
field technicians travelled during the imaging survey. The traverse can be used to
determine if there where areas of the lease that should have been traversed but were not,
or to show why they were not able to traverse it. For example, the map may show the
presence of a lake in an area where technicians could not make a traverse and take
readings. See, for example, figure 14.

[00115] D. Satellite Image with Hydrocarbon Contour Lines

[00116] Similar to the satellite image with traverse, the satellite image with the
hydrocarbon contour lines may also use satellite image data. In an embodiment, areas
more likely to contain hydrocarbon deposits may be filled in, while other areas are not.
See, for example, figure 15.

[00117] E. Topography Map with Hydrocarbon Contour Lines
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[00118] Using a topography map download from the United States Geological
Survey website as the base map, the hydrocarbon contour image may be made transparent
and placed on top of the topography map. In example shown, roads may partially
occlude the topography lines. Topography maps may be used to find correlations
between the imaging readings and the terrain of the area. Changes in the surface terrain
can be indicators of subsurface trapping mechanisms, for example. See, for example,
figure 16.

[00119] F. Reserve Estimates

[00120]  The reserve estimate map may show the grid data used to calculate the
estimate with hydrocarbon contour images that display the acreage for each of the three
calculations. The reserve calculations are explained below in further detail. See, for
example, Figure 17.

[00121] G. 3-D Hydrocarbon Contour Map

[00122]  The three-dimensional surface maps may be visual representations of the
imaging readings, and may show particular . The grids created by the software may be
used to generate the three-dimensional surface maps. The maps may be used to show the
changes from the high to low readings which can indicate structural changes. The three-
dimensional models can be rotated or tilted to any angle to show different views of the
model. Cross sections can also be made in any direction. The cross sections can be
compared to well logs to determine if the readings agree with the thickness and
formations shown in the logs.

[00123] Figure 18 is an example of a map showing a favorable low area with the
higher readings rising above it in the background. This could indicate a favorable drilling
area. See, for example, Figure 18.

[00124] Box 14. Begin Report

[00125]  The software may generate a report including all the data, maps, notes, etc.
In some embodiments, the report may be edited by a user.

[00126] Box 15. Reserve Calculations

[00127] Two estimates, a standard estimate and an estimate using the gridded
imaging data, are used to determine if the imaging calculations are accurate with respect

to the standard calculations. For example, the presence of several formations or a reading
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in excess of all known formations may indicate the presence of additional formations
and/or hydrocarbon deposits. See, for example, Figure 19.

[00128] 16. Standard Calculations Based on Area Geology

Standard Reserve Calculation:
Effective Porosity(®e )
Qil Saturation(Se) = (1-Sy)
7758 x @ X S, X h xA x7f = Reserves
Formation Thickness(h )
Drainage Area(4 )

Recovery Factor(7f )

[00129] The drainage area may be computed by the software.

Reservoir Estimate
Source: Standard Reservoir
Calculations
net : : : : .'

Baselin ! acre producing : porosit ! + BOIn | Recover : Recoverabl

e ¢ s . thickness : y :1-SW: Place . yFactor : eReserves
7758 : 892 | 50 i 007 ¢ 020 | 4,844,095 ¢ 0.10 i 484,409

7758 | 623 ! 50 ¢ 007 ! 020 ! 3383263 @ 0.5 ! 507,489

7158 418 : 5D : 0.07 : 020 : 2,269,990 : 020 : 453,998

*The preceding data shows an example of calculations and may not show real-world data.

[00130] Box 17. Hydrocarbon Imaging Reserve Estimates

[00131] The present inventions may estimate initial or remaining reserves based
upon the reduction of radiation below 180 counts per second. The hydrocarbon response
may be supported by nuclear physics that contrasts saltwater in reservoir rock against the
absorption coefficient of hydrocarbons. Lambert’s law of gamma ray migration may be
used along with these absorption estimates on an average reservoir rock, i.e. sandstone,
limestone, shale. The invention may establish data and/or hydrocarbon detection
information for area of any lease which has 180 counts per second or lower. This may
further establish the commercial or non-commercial quantity of hydrocarbons in the area

depending upon drilling and/or development costs.
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[00132] Reserve estimates may use the column volume of each grid segment,
which may be generally 50 x 50 feet (area) multiplied by 180 cps-Surface cps. If the
surface radiation is 100 cps, the 50 x 50 ft area may be 80 ft high. This volume multiplied
by a proprietary coefficient may provide the barrels per acre reserves of oil or surface
adjusted volume of gas per acre. The total number of grid segments can provide reserves
for the area surveyed. The procedure accounts for variation over the area and stage of
depletion in a producing field. It may be sensitive to depletion in a gas field and will
show remaining reserves.
[00133] The overall property may be condensed or conflated into three primary
areas of reserves that correlate into recovery factors. In some embodiments, estimates
focus on 180 cps, 150 cps, and 140 cps and the corresponding acreage. The following

assumptions may be incorporated in the system and software.:
+180 counts per second: Non-commercial in all or most cases.

180-160 counts per second: Commercial for general low cost entry and Shallow,

marginal production.

150 counts per second: Above Average reserves. Commercial for medium depth

wells. Primary recoveries should be consistent with industry averages.

120-140 counts per second: Excellent reserve base. Commercial for deeper wells

and longer sustained recoveries.

80-110 counts per second: Superior reserve base. Strong commercial likelihood

for the deepest of wells. Strong GOR.
See, for example, Figure 20.

[00134] Box 18. Final Report
[00135] The final report may be generated by the invention. It may be a
compilation of all available data and maps. It may be presented in a structured and

consistent manner so as to educate the recipient as to the process and its interpretation.
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The conclusions and reserve estimates may be supported by industry sanctioned
information and calculations.
[00136] Box 19. Print, Bind and Deliver Report
[00137] The system may produce printed and bound hard copies of the reports for
delivery to a customer, for example. All or some of the maps may be printed on eleven
by seventeen inch paper in the appendix of the report.
[00138] Having thus described the preferred embodiment of the invention it should
be understood that numerous modifications and adaptations may be resorted to without

departing from the spirit of the invention,
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ABSTRACT

[00139] A novel subaqueous prospecting system for detecting gas and oil deposits
by identifying and quantifying hydrocarbons using emanoradiation measurements of the
neutron, beta, gamma rays, and radon gas taken within the physical, bottom sediment of
the ocean floor. Such radiation sources thaf emanate from the earth basement complex
and, the overlying sedimentary deposits of carbonaceous rocks, shales and sandstone that
are impregnated with uranium, thorium and potassium derived from the eroded earth
basement complex materials. A continuous series of recorded radiation data points are
measured and the radiation levels are plotted to form a georadiograph. A visual
comparison between the corresponding radiation anomalies altered in its variation by
hydrocarbons, radiation active substances, and/or mineral deposits is constructed in
various forms of charts, graphs, contours, geological overlays, 3-D modeling, historical

hydrocarbon drilling and production, and the like.
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Fig: 1 Subaqueous Imaging Concept
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Fig: 2 Color Code for Gamma Ray Designation
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Fig 3: Raw Data Example

Unit 1 Channel | Channel | Channel | T ! Speed | Date Time
Sample : Serlal T1 i 2 3 Channel 4 ; Latituda | Longitude : (Knots) L (uTC) (urc)
ota ! !
Number : Number Count Uranlum ; Thorlum ; Potassium H :
1 276367 178.1 55 1.4 33. 35.1746 -97.4146 | 217 190411 220816
2 276367 176.8 5 1.3 38! 351746 ; -97.4146 6.63 ! 180411 220617
3 276367 177.5 5.6 1.6 41 351746 | -97.4146 8.631 190411 220618
4 276387 178.2 : 4.9 1.9 3.6: 351746 : -97.4146 : 8.98 : 190411 220619
5 276367 176.9 1 511 1.7 35: 3517461 -97.4148 : 9.64 1 190411 220620
6 276367 176.8 45 1.6 3.2: 351746 -97.4146: 9.71: 180411 220621
7 276367 178.8 44 1.9 34: 351746 ¢ -97.4146 10.18 ! 180411 220622
8 276387 170.2 4.7 1.7 29: 351746: -97.4146 10.55 : 180411 220823
[ 276367 176.2 5 1.8 27: 351746 -97.4146 | 10.76 | 190411 : 220624
10 276367 177.8 5.2 1.8 26: 351746 -97.4146 | 10.85 | 190411 § 220625
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Fig 3b: Recorded Gamma Ray Total Counts Color Coded
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Fig 4: General Contour with Arbitrary Color/Gamma Ray Designation
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Fig 6: Quantifying Hydrocarbon Reserves and Recovery
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Fig. 7 Full Spectrum Gamma Ray & Contour Interpretation
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FIG. 8 - Flowchart
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FEATURES

1. Potassium (K)

Percent 40

Offset: 135.63 cm (53.4in.)

2. Uranium (U):

Parts Per Million

Offset: 135.63 cm (53.4in.)

3. Thorium (T)

Offsect: 135,63 cm (53.4in.)
Length: 167 cm (65.75in.)
Temperature: 65 C (150 F)
Diameter: 60.96 mm (2.40 in.)
Pressure: 232 kg/cm2 (3000 PSI)
Weight: 16.82 kg (37 Ib.)
Logging Speed: 1.5 m/min. (5
ft/min.)

Tool Voltage Required: 60 VDC
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FIG. 10

L% 5 8

auurnt

alwt

- T

atn maynamy e

we |y ...”..._.h..%..__..,,_

o L
Peerl oW

ST einrt) =
Jop e el A IR (LA R ot

A LIRIYIRIL N

SP-HIT CUFSLIED WITH TET-ENLS

= bva N

ik . o« ol e el
Rl -~ A8 oPAS - = T
Aty WhiEs Ve L s
TET 4, R of VT T
et

44 IWOFE WAL & DS

FREC-TETTEEY
1 = &

¢ —rvn

DUANEE AL CGER,

LA ol

35



A
Express Mail Label No. EV383576936US
Atty. Docket No. 133000-010100/PRO
L gkl Wik st
Gathering Data :
2. Send Data to I
Office Yes No
3. Begin 6. Consult field
team to what they
4. Using Data: 7. Interpret Data
Locate Imaging ] |
| I
| 8. Software
Generates Grids
9. Gather 10. Get Overlay e i Maprii
Historical Well Images from Internet
Honcay Ve and Software I
l ] 12. Begin
11. Incorporate any
Provided Information: :
Maps, Production, etc. 13. Combine all
Data to Generate
Fig. 11 - Process Flow L. Rcsgrve
: Calculations
Diagram
14. Begin Report [ |
16. Standard 17. Imaging
Calculations Calculations
Based on Area

18. Finalize

19. Print, Bind
and Deliver
Report

36




Express Mail Label No. EV383576936US
Atty. Docket No. 133000-010100/PRO

Fig. 12

X8 st 2
o . L o - r L
2. ".‘ l E
\ CLASSED POST MAP SAMPLE
BR1 ANDREWS, TEXAS B ANDREWS, TEXAS L
Y,

e P U . . P T R A e N T GAn  aES G A3 A0S S AR 0N @D DD KEE @S oan

37



Fig. 13a

AWEF AN S AT N

5 0

Express Mail Label No. EV383576936US
Atty. Docket No. 133000-010100/PRO

38

EE KEP M GM G DM RM EM W R S 08 @

v’@



Express Mail Label No. EV383576936US
Atty. Docket No. 133000-010100/PRO

Fig. 13b
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Figure 14
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Figure 17.
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[0001]

[0002]

[0003]

[0004]

Atty Docket: 133000-010102
Electronically Filed May 9, 2012

TITLE
HYDROCARBON DETECTION SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefit of United States provisional patent application
serial number 61/518,615, filed May 9, 2011, which is incorporated herein by

reference in its entirety.

FIELD OF THE INVENTION

The instant invention relates to detection of hydrocarbon deposits in the earth.
More particularly, the invention relates to systems and methods for locating oil,
natural gas, or other fossil deposits through the detection, logging and charting of both

the beta and gamma rays emitted from the earth basement.

BACKGROUND

Seismic detection of oil and gas can be costly, time consuming, and
inaccurate, Additionally, in order to provide accurate results, seismic graphing often
requires that the seismic survey be expanded into areas surrounding the immediate
area of interest. This can be very expensive for the party purchasing or contracting
the data, and in some cases the data may not be available for the party in a

commercially viable time frame.

Naturally occurring radiation emanating from the earth, such as gamma or beta
rays, can provide insight into the location of hydrocarbon deposits under the surface
of the earth. This is because hydrocarbon deposits may tend to block radiation.
Therefore, in locations where hydrocarbon is present, less radiation may emanate.
However, such techniques for locating hydrocarbon deposits have been historically
inaccurate. Additionally, since water tends to absorb the radiation, such techniques

have not been used in underwater environments,

46,952,186v1
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Atty Docket: 133000-010102
Electronically Filed May 9, 2012

BRIEF DESCRIPTION OF THE DRAWINGS

All figures depicting hydrocarbon imaging results are for demonstration
purposes only. No quantifiable hydrocarbon information can be garnered from the

maps and information shown throughout the figures.

FIG. 1 is a block diagram of a sensor for receiving radiation, in accordance

with an embodiment of the invention.

FIG. 2A and 2B illustrate systems for over-land traversal an area of interest to

record radiation measurements, in accordance with an embodiment of the invention.

FIG. 2C shows a map of an area of interest, in accordance with an

embodiment of the invention.

FIG. 3A illustrates a system for air-traversal of an area of interest to record

radiation measurements, in accordance with an embodiment of the invention.

FIG. 3B shows a map of an area of interest, in accordance with an

embodiment of the invention.

FIG. 4A illustrates a system for subaqueous-traversal of an area of interest to

record radiation measurements, in accordance with an embodiment of the invention.

FIG. 4B illustrates a cable head assembly, in accordance with an embodiment

of the invention.

FIG. 5 illustrates a system for subaqueous-traversal of an area of interest to

record radiation measurements, in accordance with an embodiment of the invention.

FIG, 6 illustrates a sensor system for subaqueous use, in accordance with an

embodiment of the invention.

FIGs. 7A-7B illustrate a sensor system for mounting on a seagoing vessel, in

accordance with an embodiment of the invention,
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FIG. 8A and 8B illustrate a system for subaqueous-traversal of an area of
interest to record radiation measurements, in accordance with an embodiment of the

invention.

FIG. 9 illustrates a system for determining the position of an underwater

sensor, in accordance with an embodiment of the invention.

FIG. 10 illustrates a system for determining the position of an underwater

sensor, in accordance with an embodiment of the invention.

FIG. 11 illustrates a system for determining the position of an underwater

sensor, in accordance with an embodiment of the invention.

FIG. 12A illustrates a map and traversal path of an area of interest, in

accordance with an embodiment of the invention.

FIG. 12B illustrates a contour map showing radiation measurements, in

accordance with an embodiment of the invention.

FIG. 13A-13H show maps of an area of interest, in accordance with an

embodiment of the invention.

FIG. 14A-14C show maps of an area of interest, including gamma ray logs, in

accordance with embodiments of the invention.

FIG. 15 shows a map of an area of interest, in accordance with an embodiment

of the invention.

FIG. 16 shows a map of an area of interest, in accordance with an embodiment

of the invention.

FIG. 17 shows a map of an area of interest, in accordance with an embodiment

of the invention.

FIG. 18 shows a system for detecting hydrocarbon, in accordance with an

embodiment of the invention.
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DETAILED DESCRIPTION

Overview

The present invention relates to the detection of hydrocarbon deposits such as oil and
gas beneath the surface of the earth. Embodiments of the methods and systems for detecting

hydrocarbon deposits can be used over or on land, from the air, or underwater.

In an embodiment, in order to detect hydrocarbon deposits under the surface of the
earth, a sensor may be used to detect radiation emanating from the earth. The radiation may
result from naturally occurring isotopes, such as uranium, potassium, thorium, and the like,
under the earth substrata of the earth. The sensor may be moved along the surface of the
earth, on land or underwater, so that the radiation can be detected as the sensor traverses

across a surface area of interest.

As the sensor traverses the area of interest, the level of radiation picked up by
the sensor will vary. For example, hydrocarbon deposits such as oil, gas, or other
fossil fuels under the earth’s surface can block the radiation so as to reduce the
amount of radiation received in certain areas. Accordingly, in areas where
hydrocarbon deposits are present, the sensor may pick up less radiation than it would

in areas where there are no hydrocarbon deposits.

The sensor may be part of a system that includes a positioning system, such as
a GPS or other positioning system, so that the location of the sensor can be associated
with each radiation measurement from the sensor. This allows the radiation
measurements to be used to create two or three dimensional maps of the area of
interest based upon the radiation readings taken over the surface of the area. The maps
can be used to determine locations, within the area of interest, where hydrocarbon

deposits may be present, and where commercial drilling may be viable.

In order to increase the accuracy of the maps, the system can incorporate other
information into the maps. This information can include historical information about
hydrocarbon wells in the area, geographical information about the area of interest,
locations of roads or other man-made structures in the area, and other information

which will be described below,
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Sensor

In an embodiment, a sensor used to detect radiation emanating from the earth
may include a housing, at least one scintillator within the housing that can convert
radiation into light pulses, and a circuit that can convert the light pulses into electrical

signals and data for display and/or mapping.

FIG. 1 shows a diagram of a sensor 10 in accordance with an embodiment of
the invention. As shown, scintillators 100 for detecting radiation 101 from the earth
may be positioned within a housing 102 or sensor 10. The scintillators 100 may be
connected to one or more photomultiplier tubes 104 that can translate light pulses,
converted from detected radiation moving through the scintillators 100, into electrical
signals. A circuit 106, coupled to the photomultiplier tubes 104, can then process the
electrical signals for subsequent use in generating a display, such as a map. Although
multiple scintillators 100 are shown, the sensor 10 may have a single scintillator 100

in an embodiment,

In an embodiment, the scintillators 100 in the sensor 10 may include crystals
of Lutetium Yttrium Orthosilicate (LY SO), Bismuth Germinate (BGO), Thallium doped
Sodium Iodide (NaI), Cerium doped Lanthanum Bromide (LaBr3), or similar polycrystalline
materials.

When radiation, such as gamma radiation, hits the scintillators 100, it may cause a
photon or light pulse to occur within a crystalline structure of the scintillator. The intensity of
the light pulse may be directly proportional to the strength of the radiation received. Once the
radiation is converted into a light pulse, circuit 106 can receive the light pulse, and produce a
corresponding electrical signal. Since the magnitude of the electrical signal may be directly
proportional to the intensity of the light pulse, if the strength of the radiation in an area is high,
the corresponding magnitude of the electrical signal may also be high.

In another embodiment, scintillators 100 may include any other type of crystal or
material that can scintillate and convert radiation into light pulses. In other embodiments,
other non-scintillating methods of detecting radiation can be employed, so long as the
detected radiation can be captured and subsequently recorded as data.

46,952,186v1



[0040]

[0041]

(0042]

Atty Docket: 133000-010102
Electronically Filed May 9, 2012
The radiation from the earth may come from different sources. In order to

differentiate the radiation from different sources, circuit 106 may include at least one
programmable controller (not shown) to generate the electrical signal. The controller may be,
in an embodiment, a digital signal processing (DSP) chip or other processor that can
manipulate the electrical signal by, for example, separating the electrical signal into
component signals each representing radiation received from a particular isotope or radiation
source. In an embodiment, the circuit 106 may separate the electrical signal into component
signals that represent the radiation received from thorium, uranium, and/or potassium. The
separation may be based upon the voltage level of the electrical signals received from the
scintillators 100. The circuit 106 may also provide a measurement of the total amount of |

radiation received.

While many naturally occurring elements have radioactive isotopes, potassium |
(40K), and the uranium (238U) and thorium (232Th) decay series, may have '
radioisotopes that produce relatively strong gamma rays for use in gamma ray
spectrometry. To this end, the DSP can separate the radiation signal into component
signals based upon the individual microvoltage levels of the radiation received. For
example, voltage levels between about 1.2 MeV and about 1.6 MeV may indicate the
source of the radiation is potassium; voltage levels between about 1.6 MeV to about 2
MeV may indicate the source of the radiation is uranium, and voltage levels between about
2 MeV and 3 MeV may indicate the source of the radiation is thorium. The DSP can also
produce a total gamma ray count, which may correspond to voltage levels between about
0.4 MeV and about 3 MeV. Separating the radiation into component signals representative
of particular isotopes can aid in developing displays, such as maps, that can be used to

visualize the location of hydrocarbon deposits, as will be discussed below.,

The circuit 106 may also count the number or frequency of radiation pulses
received in an area along which detection is being carried out to determine the number of
radiation pulses received by the scintillators 100 and/or the intensity of the radiation
emanating from the earth. As noted, hydrocarbons under the immediate top surface of the
earth can block radiation emanating from the earth. Accordingly, in areas where
hydrocarbon deposits are present, the sensor 10 may receive fewer radiation pulses, or

radiation pulses at a lower frequency, than in areas where no hydrocarbon is present. The

6
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radiation counts can subsequently be used to determine the likelihood of hydrocarbon

deposits in the area of interest, which will be discussed below in greater detail.

In one embodiment, the sensor 10 can be situated within a housing for
protection against damage. Various housings 102 may allow the sensor 10 to be used
at sea, on land, on or near the ocean floor, on or near dry land masses, on or near marsh
bottoms, on or near inland sea bottoms, in areas of thick forestation and jungle environments,
etc. For example, as shown in FIG. 2A, a housing 200, within which sensor 10 is
situated, may be mounted to a vehicle 202. In another embodiment, as shown in FIG.
2B, a housing 204 may fit within a backpack 206 or saddlebag. These embodiments
may allow the sensor 10 to be carried by a vehicle, person, or animal so that it can
traverse an area of land that is of interest to detect radiation. As shown, the sensor 10
may be coupled, through a wireless or wired communication link, to a laptop or other

computing device 210 that can receive and process the radiation data.

A housing 300 can also be mounted onto an aircraft 302 such as a helicopter
or plane, as shown in FIG. 3A. This may allow the sensor 10 to be moved over the
surface of an area of interest to detect radiation. Traversal charts 208 (FIG. 2C) and
304 (FIG. 3B) show sample traversal patterns that can be traveled by a vehicle, person

or animal, or aircraft while carrying sensor 10,

In another embodiment, a housing 400 may be designed to be used
subaqueously, as shown in FIG. 4A, where housing 400 can be substantially fluid-
tight so that the sensor 10 can traverse an underwater area to detect radiation. In such
an embodiment, the sensor 10 may be tethered to a surface vessel, such as boat 402,
by a cable 404. Cable 404 may include electrical wires or cables so that can provide
power to the sensor 10 and allow the sensor 10 to communicate with computer
equipment on boat 402. In an embodiment, the sensor 10 may be used at depths

ranging from about 1 meter to about 3000 meters or greater,

The housing 400 may include a pipe, hose, or tube within which the
scintillator 100 and associated electronics and connectors can be accommodated. In an
embodiment, the housing 400 may be towed behind the vessel in a substantially

horizontal position. This may allow the scintillator 100 to remain near or embedded

7
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into the underwater floor for accurate radiation readings. Should the sensor 10 rise off
the floor, gamma ray and other radiation readings may become inaccurate due to the
dispersion and absorption by the water. In an embodiment, the housing 400 may be

fluid-tight so that the sensor 10 is not directly exposed to water.

The cable 404, in an embodiment, may be spooled onto spool 408 on the deck
of the boat 402 and let out to a sufficient length so that the housing 400 can remain on
or near the floor 406. Since radiation emanating from the earth may tend to dissipate
or be absorbed by the water within a few feet of the underwater surface 406,
maintaining the sensor 10 on or near the surface 406 may allow the sensor 10 to

receive radiation readings in a water-based environment.

It should be appreciated that, if the underwater floor 406 is uneven or has
obstacles, towing the sensor 10 behind a boat 402 may cause the sensor 10 to be
roughly jostled and damaged, or detached and lost. In order to minimize damage,
cable 404 and housing 400 may include features to protect the sensor 10 as it is
towed. These features may include strain reliefs, shock absorbers, and the like. FIG.
4B shows an example of a subaqueous cable head assembly 410 with a strain relief
that can act to minimize damage to a sensor 10 that is towed behind a boat. In an
embodiment, the cable windings 412 within the cable head assembly 410 may act as a
strain relief and provide enough connective force to keep the sensor 10 from

becoming dislodged from the cable 404 and lost.

In another embodiment, the housing 400 may include of a vertical rod 504 or
conduit that can move the sensor 10 up and down so that it can access the floor 406,
As shown in FIG. §, housing 500 may be mounted on a surface vessel 502. Housing
500 may include a vertical rod 504, which may be a solid, segmented, and/or hollow
tube, for example. Rod 504 can be moved up and down by a piston drive 506, such as
motor. Housing 500 may also include a distal end 508, within which the scintillators
100 may be positioned. As the piston drive 506 moves rod 504 up and down, the
distal end 508 may penetrate the underwater floor 510 so that the scintillators 100 can
obtain an accurate reading of radiation 512. In an embodiment, the piston drive 506
and distal end 508 may be used in depths of about 1 meter to about 200 meters or

greater.
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FIG. 6 shows another example of a piston drive 506 and tube 504. The piston
drive 506 includes gears 600 which can be turned by an electric motor 602. A
programmable drive controller 604 can control the speed, timing, and direction of the
motor in order to control the up and down motion of probe end 508. In an
embodiment, the controller 604 can cause the probe end 508 to repeatedly move up
and down, at a specified or variable frequency, during traversal of the area of interest.
The display panel 606 can display information about the probe, such as the frequency

of the up and down mation, as well as provide emergency shut off controls.

In an embodiment, if the data cable 610 for communicating with the sensor 10
is outside of tube 504, a winch system 608 may be used to provide a data connection
to the probe end 508. In this embodiment, winch system 608 may be used to let out or
take in the data cable 610 as the probe end 508 is raised and lowered.

The piston drive 506 can also include mechanisms for sampling and testing
water during traversal of the area of interest. For example, a liquid pump 612 may
pump fluid from the underwater surface near the distal end 508, so that the fluid can
be sampled on board a surface vessel such as boat 502. Also a gas-liquid separator
614 may be used to separate gas from the water in the event that gas samples are
needed or desired. A fluid sampling system 616 may also be included, and may be
used to collect the liquid or gas samples that have been pumped into the vessel. In an
embodiment, the fluid sampling system 616 may store the samples in containers

without exposing them to the atmosphere in order to reduce the risk of contamination.

Piston drive 506, in an embodiment, may be mounted on a skid 700 that
allows the boat to move while distal end 508 has accessed the underwater floor. The
skid may be installed on the deck of the boat or vessel 502. As shown in FIG. 7A,
skid 700 may allow piston drive 506 to travel back and forth on tracks 701 between
Position 1 and Position 2 shown in FIG. 7A. In another embodiment, as shown in
FIG. 7B, skid 700 may include a pivot 705 to allow piston drive 506 to pivot between
position 3 and position 4 shown in FIG. 7B. Skid 700 may also include a brace 704 to
prevent piston drive 506 from pivoting past a desired angle. These sliding and
pivoting skids 700 provide mechanical play between the distal end 506 and the boat or

vessel 502 that can allow the distal end 506 to remain penetrated within the
9
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underwater surface while the boat continues to move. If desired, the skid 700 may
incorporate both tracks 701 and pivot 705 to allow for movement of the boat or

vessel,

In another embodiment, as shown in FIG. 8A a sensor housing 102 may be
mounted on an underwater rover, such as remotely-operated rover 802. The rover 802
may have thrusters (not shown), wheels (not shown), and/or tracks 814 for underwater
propulstion. In an embodiment, the housing 102 can be mounted so that a section 806
of the sensor 10 penetrates silt, sediment, or other material on the underwater floor.
The rovers may be in communication with a vessel 810 through cable 808. Cable 808
can provide power, controls for operating the rovers, and can also be used to lift or

lower the rover into the water.

As shown in FIG. 8B, multiple rovers 802, each carrying a sensor 10, can be
in communication with and controlled from a single vessel, This can allow the area of
interest to be traversed in less time, if desired. As the rovers 802 traverse the area, the
data received by the sensor 10 can be stored in a central computing system on board

the vessel.

The housing 102 can incorporate, or include, various elements including, but not
limited to: a structural platform and electronic configuration so as to integrate and connect
power sources and facilitate data transfer; a composite connecting cable system or battery
pack for power, data transfer, and towing; a shock absorbing encasement, i.e. hose, spayed
coating, non-absorbing foam, plastic; additional geoscientific survey instruments, i.e. sonic
tool, gamma ray neutron density, resistivity, magnetic, density, neutron, temperature,
pressure, side sampler; a receiving controller of electronic data; a computer system for
storing, organizing, and retrieving data; a modeling program for data input and
interpretation; an integrated mapping program that incorporates all field data along
with historical support information that includes well histories, seismic

interpretations, well logs; etc.

Other instrumentation that can be used in conjunction with the sensor 10 or system

includes, but is not limited to:

10
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A Sonic Full Wave tool: A tool that sends an active sonar pulse that can be used to
identify porosity and permeability matrices within the formation rock structure.

A Conductivity tool for measurement of electrical sensitivity to water saturations

and content.

Gamma ray neutron density tools: Active inducement of man-made radioactive
isotopes so as to measure hydrocarbon absorption characteristics of the rock of a given

formation strata.

A gravitometer for measurement of a formation’s gravitational response with

baselines against known structures contrasted to the earth’s polarities.

Magnetic locator tools for measurement of magnetic tendencies to the indigenous

iron elements in a given formation.

Electro Magnetic tools for identifying a combination of electrical and magnetic
properties in which known formations can be quantified for hydrocarbon content and
possible formation depth.

a Magnetometer for measurement of magnetic tendencies to the indigenous iron

elements in a given formation.

A General Neutron tool: A specially tuned device for tracing and identifying the

more active and short lived neutron movement within a formation of the earth.

All-Density tools i.e. compensated density, near density, far density, high resolution
density. These tools identify bulk concentration within the pore spaces of a given formation

thus quantifying porosities and associated permeability of a formation.

An Acoustic Televiewer: A tool that mirrors the near faulting lenses of an earth

formation from a vertical portal.

A Spontaneous Potential tool: This tool measures the electrical potential and thus

quantifies the interplay between oil and water content within a reservoir.

Total Resistivity tools, i.e. fluid resistivity, guard resistivity, lateral resistivity, guard
resistivity, micro resistivity, Single point resistance: These measurement tools may induce an
11
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electrical pulse and current into a given reservoir thus identifying oil and water content

ratios.
Temperature tools: A a tool that measures temperature

A Vibration Indicator: A tool that measures vibration and contact with a side wall on

a vertical plane or a horizontal plate.

A Fluid Sampler: A portal that opens a retention chamber for sampling water and/or

solid samples.

A Petro Sonde tool: A tool that incites a strong sonic echo pulse so as to identify

formation anomalies and their depth.

An Acoustic Transponder: A device that uses an acoustic signal in a directional or

omni-directional pattern sending location to receiver.

These tools can be used to take additional measurements while the sensor 10
fransverses across the area of interest and measures radiation. The measurements from these
tools can be incorporated into maps showing the likelihood of the presence of hydrocarbon
deposits below the surface of the earth.

Sensor Position

Since the radiation readings from the sensor 10 may be used for mapping
radiation in the area of interest, it may be desirable to associate a position with each
radiation reading. If the sensor 10 is mounted in an overland vehicle, a helicopter or
plane, or carried by a person, a GPS (not shown) may be used to provide the position
of each reading. However, if the sensor 10 is used underwater, other methods of

positioning may be necessary.

FIG. 9 shows a system for determining the position of an underwater sensor
10. Acoustic modems 900, 902, 904, and 906, in an embodiment, may be positioned
in the water by buoys. Sensor 10 may include an acoustic transponder that can
continuously or periodically send an acoustic signals to the modems 900, 902, 904,

and 906. These modems can then relay the signal to the vessel 910, which can

12
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triangulate the position of the sensor 10 and associate that position with radiation

readings received from sensor 10.

FIG. 10 shows an underwater view of an acoustic modem 900. Acoustic
modem 900 may be attached to a cable 1001 that runs between buoy 1000 and
weights 1002. Acoustic transponder 1004 can send an acoustic signal 1006 to acoustic
modem 900. Acoustic modem 900 can then relay the signal, for instance through
antenna 1008, to vessel 910. Once received, a computing system on board vessel 910

can triangulate the position of sensor 10.

The position of the underwater sensor 10 can also be determined if the vessel
910 is equipped with a GPS, a depth finder, and an acoustic transponder, as shown in
FIG. 11. In this embodiment, an acoustic transponder 1004 on the sensor 10 can send
an acoustic signal to transponder 1100 on vessel 910. The length of hypotenuse 1102
can be calculated based on the time it takes the acoustic signal to be received. Since
the depth finder (not shown) can determine the depth Y of the water, the distance X
from the vessel can be calculated. The bearing or direction from the vessel to the
sensor 10 can also be determined based on the angle of the tow cable 1104, or based
on phase measurements of the acoustic signal. The GPS position of the vessel 910 can
then be offset by the distance and bearing measurements in order to determine the

position of the underwater sensor 10.
Mapping

The measured radiation can be used to determine, in an embodiment, whether
hydrocarbon deposits are present under the earth’s surface. The present invention can detect
the presence of hydrocarbons in a variety of subsurface lithologies which include but not
limited to: shales, sandstones, limestones, vugular limestone-dolomite, dolomite, salt domes,
or any combination thereof. Once the radiation has been measured, the data can be combined
with other information such as geographical anomalies and structures in the area of interest,
historical oil well information, information about man-made structures such as roads and
pipes, and the like. The system can then use the combination of data to generate maps that
show a likelihood of hydrocarbon deposits in the area of interest.

Measuring Radiation
13
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[0084] In order to measure the radiation, the sensor 10 of the present invention may take
readings of radiation while it traverses an area of interest. During traversal, the radiation
received by the sensor 10, and the position where the readings took place, can be recorded by
a computing system. Table | below shows an example of data that can be recorded as the
scanner traverses the area:

Sample Serlal Channel 1 | Channel2 | Channel3 | Channel 4 Speed
Number Number |Total Counts| Uranium | Potassium Therium Latitude Longituce (Knots} Date (UTC} | Time (UTC)
2225 276365 195.4 53 1 34 31.75373333 | -99.8586367 11727 260811 220743
2224 276365 192.1 54 1.2 3 31.75373167| -99,8585717 11.3 260811 220748
2226 276365 195.8 53 1.2 3.5 31.75372833( -99.8586967 11.28 260811 220750
2223 276365 192.1 55 15 3 31.75372333| -99.8585083 11.31 260811 220747
2227 276365 198.4 5 11 3 31.75372333| -95.858755 11.26 260811 220751
2228 176365 2011 5.2 11 2.6 31.75372167| -99.85881 10.26 260811 220752
2229 276365 198.9 5.6 0.9 2.3 31.75371833| -99,8588667 10.91 260811 220753
2222 276365 191.1 5.9 1.6 3 31.753715 | -99.858445 10.52 260811 120746
2230 276365 202.1 5.2 0.7 2.2 31.753715 | -99.85893 13.72 260811 220754
2231 276365 204.3 5.8 0.6 3 31.753715 | -99.858995 11.76 260811 220755
[0085] Table 1
[0086] As described above, sensor 10 can separate radiation into component signals

(0087]

representative of radiation received from different isotopes. In the table above, each row
represents a radiation sample taken by the sensor 10. The column labeled “Channel 1” shows
the total gamma ray count received by the scanner. The column labeled “Channel 2” shows
the gamma ray count attributable to Uranium, the column labeled “Channel 3” shows the
gamma ray count attributable to Potassium, and the column labeled “Channel 4” shows the
gamma ray count attributable to Thorium. The columns labeled longitude and latitude
provide positional information for each sample. The table also includes a sample number
column that shows the number of samples, a unit serial number that shows a serial number
of the scanner, and date and time columns that show the date and time each sample was
taken. Additional information can also be recorded with each sample, as desired.

Data, such as those shown in Table 1, can be collected while the sensor 10 traverses
the area of interest. In an embodiment, the sensor 10 can be moved in a grid pattern across
the surface of the area of interest so that data can be extrapolated from most or all of the
surface area. For example, the black line in FIG. 12 shows a traversal path 1202 along the
surface of an area of interest. As the sensor 10 travels along the path, radiation data, such as
the data shown in Table 1, can be recorded.

14
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When the area of interest is traversed, the traversal path 1202 may not cover the
entire surface of the area of interest. In other words, because it may be difficult or time
consuming to take measurements from the entire surface if the area, there may be spaces or
holes between the paths 1202 where no radiation measurement is taken. In other areas, it
may be difficult to traverse the area due to terrain. This can be seen by the white areas in
FIG. 12.

In order to provide more accurate information about the areas where no radiation
measurement has been taken, the system may extrapolate the readings taken along traversal
path 1202 to cover adjacent areas where no readings were taken. For example, a computer
system executing a software program can perform an extrapolation routine, such as a natural
neighbor calculation for example, on the recorded radiation data in order to extrapolate the

radiation measurements to cover the entire area of interest,

One form of the natural neighbor calculation is:
G(x,y)= za)tf(x.-:yl)

Where G(x,y) is the estimate at location (x,y) within the area of interest, w; is a
weighting factor, and f(x;,y;) are the known data (i.e. the recorded radiation) at
location (X;,yi). These calculations may use "irregularly spaced" XYZ data and
produce or estimate a regularly spaced, rectangular array of radiation values. Since the
traversal path 1202 may not follow a particular pattern, the recorded data may have
many holes where the data is missing. Extrapolation calculations such as the natural
neighbor can be used to fill in these holes by interpolating radiation values at those
locations where recorded radiation data was not taken. The spacing of the regularly

spaced grid is set based on the size of the area of interest.

Once the data has been recorded, the system can calculate the likelihood that
hydrocarbon deposits exist under the surface of the area. In an embodiment, Lambert’s Law

may be used during the calculation. Lambert's Law is defined as follows:

I=1,e™"
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Where 1 is the incident radiation, I, is the emerging (or measured) radiation, m
is the absorption coefficient of the matter through which the radiation traveled, and x
is the thickness of the matter. Using Lambert's Law one can measure and estimate the
transmissity of the individual nuclear elements through known or assumed strata
within the area of interest: i.e. sandstone, limestone, shale, brine water, natural gas,
light hydrocarbons, heavy hydrocarbons. In formulating a baseline, the system can
establish a zero hydrocarbon chimney, or baseline, whereby no absorption of the
gamma rays is occurring within a given physical area and the readings from all
adjacent areas are likewise identified and averaged to form the basis of all maps.
Using Lambert’s law, the baseline will take into account the depth of the earth
basement complex and the material between the earth basement complex and the

surface of the area of interest.

A baseline reading of 180 counts per second or greater, for example, may
signify that no commercially viable hydrocarbons are present. Furthermore, since
hydrocarbon deposits, oil, gas, and paraffin absorb or block radiation emanating from
the earth, a lower count per second in a particular area may indicate the graduated
absorption of gamma rays, and thus indicates stronger vertical migration of
hydrocarbons as a result of the redox cell oxidation, reduction, and thermalization. In
other words, a lower count per second may indicate the presence of hydrocarbons at a
particular location. For example, a count of 160 per second in a particular area may
indicate fewer hydrocarbons than a count of 130 per second. In an embodiment, a
count of about 180 to about 160 may indicate an area of marginal production. A count
of about 150 per second can indicate the presence of hydrocarbon deposits suitable for
shallow or medium depth wells, A count of about 120 to about 140 counts per second
may indicate the presence of hydrocarbon deposits suitable for deep wells. And a
count of about 80 to 110 counts per second may indicate the presence of hydrocarbon

deposits suitable for deeper wells.

All of these counts can be directly calculated to estimate the gross
hydrocarbons present in a given area. The commercial viability can then be calculated
depending upon the cost of acquisition of the property, the cost of drilling and

completing the well, and the total available production of oil and gas. FIG. 12B shows
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an example of estimated quantity of oil and gas deposits within an area of interest, calculated
by the system using Lambert’s law.

The present inventions may estimate initial or remaining reserves based upon the
reduction of radiation below 180 counts per second. The hydrocarbon response may be
supported by nuclear physics that contrasts saltwater in reservoir rock against the absorption
coefficient of hydrocarbons. Lambert's Jaw of gamma ray migration may be used along with
these absorption estimates on an average reservoir rock, i.e. sandstone, limestone, shale. The
invention may establish data and/or hydrocarbon detection information for area of any lease
which has 180 counts per second or lower. This may further establish the commercial or
non-commercial quantity of hydrocarbons in the area depending upon drilling and/or

development costs.

Reserve estimates may use the column volume of each grid segment, which may be
generally 50 x 50 feet (area) multiplied by 180 counts per second. If the surface radiation is
100 counts per second, the 50 x 50 feet area may be 80 feet high. This volume multiplied by
a proprietary coefficient may provide the barrels per acre reserves of oil or surface adjusted
volume of gas per acre. The total number of grid segments can provide reserves for the area
surveyed. The procedure accounts for variation over the area and stage of depletion in a
producing field, It may be sensitive to depletion in a gas field and will show remaining

reserves.

The overall property may be condensed or conflated into three primary areas of
reserves that correlate into recovery factors. In some embodiments, estimates focus on 180
cps, 150 cps, and 140 cps and the corresponding acreage. The following assumptions may
be incorporated in the system and software:

180+ counts per second: Non-commercial in all or most cases.

180-160 counts per second: Commercial for general low cost entry and Shallow,

marginal production.

150 counts per second: Above Average reserves. Commercial for medium depth

wells. Primary recoveries should be consistent with industry averages.
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120-140 counts per second: Excellent reserve base. Commercial for deeper wells and

longer sustained recoveries.

80-110 counts per second: Superior reserve base. Strong commercial likelihood for

the deepest of wells. Strong Gas Oil Ratios.

Beta and gamma ray and radon gas reception at the surface of the area of interest
may be coexistent, and may be inseparably associated with neutron activity throughout
subsurface radiation. Since neutron activity and its consequent effects upon the beta and
gamma ray activities are alternately activated, it follows that radiation received at the earth
surface may allow for the slowing down of such activities. This can cause inaccurate radiation
readings or calculations for geological structure contouring. This particularly applies to the
use of spectrometer reception of gamma rays at high altitudes and at high speeds. Such
gamma ray reception and monitoring may produce errors and so-called "halo" patterns
bordering oil and gas reservoirs beneath the land based and subaqueous search surface.
Accordingly, the system may be calibrated for slow speed, surface, close proximity to land
surfaces, submersion to the sea floor, or any other environmental factor that may affect

detection of beta and/or gamma rays and thereby reduce the halo effect.

Once the baseline has been calculated, the system may incorporate external
interference factors into the calculation. Interference factors may refer to structures within the
area that tend to block, absorb, or cause thermalization or decay of the neutron radiation
emanating from the carth.

Interference factors such as the presence and type of stratum, rock, soil, and other
material below the crust can affect the amount of radiation received at the surface. Therefore,
the baseline calculations can be adjusted based on known stratum in the area of interest. For
example, brines, or salt water, commonly present in sedimentary strata, can block radiation.
These may reduce the recorded radiation reading by about 30 to about 45 counts per second,
for example. Accordingly, if brine or saltwater is present, the system may adjust the baseline
measurement by an appropriate amount to compensate. In like manner, the system can also
adjust the baseline measurement to account for the presence and thickness of other materials,
such as shale, limestone, granite, sand, or any other earth material in the area of interest.
Other features that can by compensated for by adjusting the baseline measurement include
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subsurface domes, faults, reverse faults, anticline, synclines, water-oil contact, and water
saturated reservoirs, man-made structures (e.g. roads, asphalt material, buildings, quarries,
pipes, oil spills and seeps, etc.), recently plowed fields, vegetation, changing dunes and sand,
naturally occurring Uranium, shale formations, radon gas, and weather conditions including

dew point, barometric pressure, and recent rainfall, as well as other factors.

The presence of hydrogen 100 and carbon 15 in sedimentary strata may significantly
block the neutron and attendant radiation in passing into such strata, and may reduce the
baseline measurement by, for example, about 110 to about 120 counts per second. Therefore,
once the baseline has been adjusted for known materials under the surface of the area of
interest, drops in radiation readings on the order of about 110 to about 120 counts per second

may indicate the presence of hydrocarbon deposits in the area.

Another factor that may be considered in calculating the baseline is the
production of wells in the area. This information may be used to plot the exact well
locations during the mapping process, as well as show possible reasons for the trends
found during the imaging survey. Performing readings and mapping/interpreting the
data in and around historical wells and areas of known hydrocarbon deposits may
increase the accuracy of future readings and/or determinations of the presence of

hydrocarbon,

A field technician may make baseline readings in and around known well locations,
both active and non-active. These well readings may also be taken near and around open
quarry pits and outcrops. Rapid and significant changes from low counts to high counts may
be a clear indication of interference factors. Under normal conditions, with no interference
factors present, there may be gradual change between readings by a factor of about 10 to 20
counts (i.e. radiation readings) per second. If readings increase or decrease at an accelerated
rate in a particular area, or when moving from one area to another, an interference factor

may be present, and may be recorded in the system for processing.

Furthermore, taking readings in and around existing wells may also provide
valuable information about the well and/or hydrocarbon deposits in and around the
well. For example, taking readings and performing a map/grid analysis in and around

existing wells may help to determine whether the well is producing or dry, whether
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more hydrocarbon is present in the area, whether the well was drilled deeply enough,
and/or whether the well is a candidate for re-entry, for example. Other determinations
about the existing wells may also be made based on radiation readings and/or

processing data on the maps and grids.

These readings can be used to adjust the baseline radiation for the area of
interest since different regions may have different baseline radiation. For example, a
first region may produce 150 counts per second of radiation from productive wells,
while another region may produce 220 counts per second of radiation from productive
wells, Using initial readings from productive and non-productive wells in the area, the
system can adjust or normalize the area’s baseline radiation measurement, so that
readings that differ from the baseline can be used to more accurately determine

whether hydrocarbon deposits are present
Map Generation

The system can also generate maps based on the radiation readings. These
maps may be helpful in identifying areas where hydrocarbon deposits exist within the

area of interest. Examples of such maps are shown in FIGs 13A-13F.

During mapping, satellite images, topography maps, seismic maps, and the
like may serve as base maps upon which contour maps and data may be overlaid.
Satellite images, in an embodiment, can be obtained from public locations or services
such as the Google Earth® software, for example. The mapping process may, in some
cases, produce maps and other files that may be opened in Google Earth®. These
satellite images may be useful in determining if a potential well location is accessible

or not.

The recorded data may also be used to generate three dimensional projections of
surface maps of the data. The three dimensional projection may include the contour map as
well as other information. The Z values in such a map may represent the count per second

readings and the model may have the same color scale as the contour maps and the classed

post map.
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A software application may be used to process the data to generate a grid of
radiation readings. For example, a Contouring and 3D Surface Mapping for scientists
and engineers may be used. The software may overlay, superimpose, conflate, or
otherwise include radiation and location readings onto 3D surface maps, for example.
A grid-based graphics program may interpolate irregularly spaced and/or scattered
XYZ data onto a regularly spaced grid which may be used to generate contour maps.
In one embodiment, the Z axis may be elevation, and the X and Y axes may be
latitude and longitude or other projected coordinate system. The Z axis may also be
used to represent a weight, reading, probability, or likelihood of the presence of
radiation and/or hydrocarbon deposits. The various radiation counts may be
superimposed upon a contour map in order to assist in detecting hydrocarbon

deposits, for example.

Figures 13A-13H show examples of maps that can be generated by the present
invention. FIG. 13A shows a contour map of the area of interest. The contours
represent radiation readings taken from the traversal area shown in Fig. 13B. Shaded
areas in FIG. 13A indicate locations where the radiation count was low, indicating a
likelihood of the presence of hydrocarbons under the earth’s surface. FIG. 13A may
be the cornerstone of the imaging interpretation leading to the generation of all of the
following maps, FIG. 13B-13H. In other words, the data taken from the initial

traversal path may be used to generate the other maps produced by the system.

FIG. 13B and FIG. 13C are maps showing a satellite image overlay of the area
of interest. FIG. 13B also overlays onto the map the traversal path traveled to take
radiation readings from the area of interest. FIG. 13C overlays the contour of
radiation readings onto the map. The satellite image overlays are beneficial to
illustrate the traversal pattern in FIG. 13B, which can be used to verify that the correct
and complete area was imaged by the field technicians. In addition, FIG. 13C allows
the interpreter of the map to visualize potential drilling locations and any natural or
man-made obstacles that may prevent a well location. In certain situations the
satellite images may also be beneficial in determining if there is a relationship

between radiation readings and particular vegetation in the imaged area.
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FIG. 13D shows an overly of two contours: a geographic contour showing the
topographic surface elevation of the area of interest and the radiation contour.
Topography maps may be used to find correlations between the surface count per
second readings and the terrain of the area. Changes in the surface terrain can be

indicators of subsurface trapping mechanisms.

FIG. 13E and FIG. 13F show two examples of three-dimensional contour
maps that can be generated by the system. In these maps, the two-dimensional contour
1302 can be projected onto a three-dimensional model 1304 that shows the contour of
radiation readings in the area. Inversely, the three-dimensional model 1304 can be
manipulated to illustrate specific changes in radiation counts per second projected
over the contour 1302. The three-dimensional maps illustrated in FIG. 13E and FIG.
13F are beneficial for displaying the radiation count per second readings in a manner
that simplifies the visual representation. In an embodiment, FIG. 13F is useful for
displaying the potential closure mechanisms that justify the presence of hydrocarbon
deposits by only displaying the higher count per second readings protruding from the

two-dimensional contour 1302.

FIG. 13G shows cross sections of the three-dimensional contour map of FIG,
13H, that can be generated by the system. This cross sections illustrated in FIG. 13G
can be orientated along any three-dimensional plane within the imaged area. These
cross sectional analysis” can be generated along a path that connects multiple well
locations. The cross section along the well path can then be used to show a
relationship between the surface gamma ray radiations with subsurface gamma ray
logs from the well bore holes. The gamma ray logs have to be provided or obtained

by other means.

In another example, and as shown in FIG. 14A, the system can produce a
subsurface, three-dimensional map showing subsurface gamma ray logs 1402 with
potential hydrocarbon deposits. As shown in FIG. 14B, gamma ray logs 1406 can be
incorporated into the mapping process. These logs 1406 show radiation measurements
that have been taken below the surface, and provide a map of the layers of strata and
subsurface formations. To obtain the logs 1406, a vertical hole is drilled, and a

radiation sensor 10 is lowered into the hole. The recorded radiation is used to map the
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subsurface structures. These gamma logs 1406 can be obtained from various third-
party sources, or recorded by the system or other means, for incorporation into maps
provided by the system. For instance, FIG. 14A shows an example display that uses
the gamma ray logs 1406 in conjunction with a surface contour map 1404. The three-
dimensional model in FIG. 14A is used to illustrate the correlation between the
surface radiation counts from contour map 1404 and the subsurface counts per second
from the gamma ray logs 1402. The surface recorded values, when used in
conjunction with the subsurface gamma ray values 1402, can be used to determine if a
well was drilled deep enough, or if there is a commercial hydrocarbon reserve deeper.
This may be accomplished by using reservoir estimates based on the area and

thickness of the zones, along with porosity, permeability and water saturation.

FIG. 14C is two-dimensional version of the map in FIG. 14B. Similarly to
gamma ray logs 1402 in FIG. 14B, gamma ray logs 1408 show radiation readings and
stratum under the surface of the area shown in contour map 1410. In an embodiment,
the gamma ray logs 1408 may be generated from readings taken from points on
contour map 1410. Similarly to FIG. 14B, the map in 14C can be used to determine if
a well was drilled deep enough, or if there is a commercial hydrocarbon reserve
deeper. This may be accomplished by using reservoir estimates based on the area and

thickness of the zones, along with porosity, permeability and water saturation,

FIG. 15 provides another three-dimensional contour map 1502, The map 1502
also includes information about particular sources of the radiation. For example,
graph 1504 shows the total radiation counts received, while graph 1506 show the
radiation attributable to uranium, thorium, and potassium radiation sources. Graph
1508 may show the ratios between two of the individual element sources of radiation.
The ratios represented in graph 1508 and individual element radiation values graph
1506 can assist in determining a relationship between a known hydrocarbon reservoir
and a prospect in the same region. Separating the radiation into component sources
allows for more accurate detection of hydrocarbon deposits. For example, by
attributing detected radiation to an individual source, such as uranium, the system can
determine whether radiation in the location is naturally high or naturally low, which

can allow a more accurate detection of hydrocarbon deposits. If the radiation in and
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around an area is expected to be naturally high, but a low radiation reading is taken, it
can indicate the presence of hydrocarbons within the area. The ratios depicted in
graph 1508 are uranium divided by potassium, thorium divided by potassium and
uranium divided by thorium. In this example as the total counts per second depicted
in graph 1504 decrease toward the southern portion of the area of interest, the
uranium divided by potassium ratio depicted in Graph 1508 increases, signaling a

change in potassium and indicating a possible hydrocarbon marker.

FIG. 16 illustrates a multi-contour map showing separation between radiation
received from different sources. In FIG. 16, the contour map 1602 shows radiation
attributable to thorium, contour map 1604 shows radiation attributable to potassium,
contour map 1606 shows radiation attributable to uranium, and contour map 1608
shows the total amount of radiation received from the area of interest. Such contour
maps can assist in locating and verifying hydrocarbon deposits by providing a visual
representation of the radiation received and how the commonalities of the individual
radiation elements may be affected by subsurface hydrocarbon deposits or the lack
thereof.

Historical well information, such as the location of producing or non-
producing oil wells, can also be incorporated into the maps. Well information can
provide additional information about oil deposits in the area and allow the system to
determine whether its calculations are accurate. F1G.17 shows a contour map 1702
produced by the system that includes known wells and their locations. For instance,
wells 1703 and 1704 were deemed to be non-commercial wells, which correlate with
high counts per second of radiation at the well locations, as illustrated on contour map
1702, Wells 1705, 1706, and 1707 are shown to be in a hydrocarbon rich area.
Historically these wells were productive wells with significant reserves remaining.
The medium to low gamma ray signatures verify this trend. Wells 1708 and 1709
were shallow non-commercial wells, but the gamma ray signatures indicate
hydrocarbon deposits may be present af greater depths. Well 1710, was a non-
commercial well that was drilled to a proper depth, but no consistent production was
made. The gamma ray signature does not verify this trend and therefore may indicate

a false positive. Despite the radiation reading and the likelihood of improper drilling
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or completion techniques, the historical well information incorporated into the
contour map 1702 and showing that well 1710 did not produce, may indicate that the
area is not suitable for commercial drilling.. By correlating the areas where a high
likelihood of hydrocarbon was computed with historical well information, the system
can check the accuracy of its calculations and predictions for the presence of

hydrocarbon deposits beneath the area of interest.

Various information about existing wells, which can be incorporated into the
mapping / hydrocarbon detection process, may be obtained through public state
agencies such as the Texas Railroad Commission or other public office. The data may
also be obtained from paid services such as Drillmap, Drilling Info, and THS. Data
sources such as these may also provide information used in the mapping process such
as the section lines, county lines, and roads, etc. The basic geology of the area may be
acquired and taken into account in the mapping process. This information includes the
porosity, formation thickness, the formations, oil saturation, etc., all of which may be

incorporated into the hydrocarbon detection process.

In cases where an outside source (such as a customer or user of the process)
has additional information that can be used, the information may be incorporated into
the hydrocarbon detection process. Generally the system may obtain a plat map with
the exact boundaries of the lease area so that during the imaging field work, they stay
within the designated area. If the operator or the producer has information such as
structure isopach maps or seismic maps, these may be used as base maps and overlay

information.

Historical well information for the wells in and around the area of interest may
be used to sort and plot the data to display the API number, well number, cumulative
oil prodﬁction, the cumulative gas production, etc. A table may be inserted into the
map that displays all of the information along with the color for individual formations,
Such a map, displaying formations of historical wells, is beneficial for relating the
recorded surface counts per second with potential producing zones and the depths of
individual formations. If the radiation counts per second are low enough, they justify

a potentially deeper formation target,
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The wells may, for example, be sorted by how much oil and gas they are
producing or have produced. A circle with the corresponding color may be used to
differentiate the area locations of the producing formations. These may be useful to
determine possible trends of the gamma ray signatures and their alignment with

trends of particular formations.
System

FIG. 18 shows a system 1800 for detecting hydrocarbon deposits in
accordance with an embodiment of the invention. The system can include a sensor 10
as described above, including scintillators, housing, and circuitry for detecting
radiation. The sensor 10 may be in communication with computing device 1804
through data cable 1806. Of course, sensor 10 may communication with computing
device 1804 via any known data communication or network, including a wired
network, a wireless network, a BlueTooth® network, a cellular network, etc. The
system 1800 may also include a GPS receiver 1807 for determining the position of the

system while the sensor 10 detects radiation within the area of interest.

In an embodiment, the system 1800 can include multiple computing devices
which execute part or all of the software included within the system 1800. The
computing devices can be local to one another, or located across one or more

networks through which they can communicate.

Computing device 1804 may include a processor 1808, a memory 1810, and a
non-volatile storage device 1812 (e.g. a hard drive). Memory 1810 and/or storage
device 1812 may store software instructions, which, when executed by processor
1808, cause the computing system to perform operations that implement the
invention. Such operations can include, but are not limited to: receiving radiation
measurements from sensor 10, performing calculations relating to hydrocarbon
detection, and producing maps and reports. Computing device 1804 may also include
other components known in the computer arts including, but not limited to, a display

screen, a keyboard, a mouse, an audio 1/O, a USB port, etc.
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[00137] Operation

[00138] In operation, a technician can use sensor 10 to detect hydrocarbon deposits
under the earth’s surface. Once an area of interest has been chosen, the technician can
traverse the area while taking radiation readings with the sensor 10. The sensor 10 can
be carried, mounted to a land vehicle or plane, or towed with a boat. During traversal,
the sensor 10 may detect radiation readings emanating from the earth, which may be

subsequently recorded by computing device 1804.

[00139] Once the area has been traversed, software on the computing device 1802 can
perform calculations on the data received by sensor 10 to generate a baseline radiation
level for the area. The calculations can take into account external factors such as
geographical features under the surface of the area, historical well information,
weather, the presence of radon or water, etc. The actual radiation readings can then be
compared to the baseline in order to determine a difference between the readings and
the baseline. Based on the difference, the software may determine whether the

presence of hydrocarbons in the location is likely.

[00140] The software can also produce contour maps for visualizing hydrocarbon
deposits within the area. In an embodiment, the maps can include a subsurface map

showing the location, shape, and/or volume of likely hydrocarbon deposits.

[00141] The likely hydrocarbon deposits can then be evaluated for their commercial

value prior to drilling a well to extract the deposits.

[00142] Having thus described the preferred embodiment of the invention it should be
understood that numerous modifications and adaptations may be resorted to without

departing from the scope of the invention, which is defined by the following claims.
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CLAIMS

What is claimed is:

1. A sensor for measuring radiation emanating from an earth surface, the sensor
comprising:

a housing;

at least one scintillator, accommodated within the housing, structured to convert
radiation emanating from an earth surface to a light pulse; and

a circuit, connected to the scintillator, to translate the light pulse into an electrical
signal and to separate the electrical signal into component signals for data measurement and

subsequent display.

2. A sensor as set forth in claim 1, wherein the housing includes a mechanism to

minimize damage to the scintillator and circuit from physical shock,

3. A sensor as set forth in claim 1, wherein the housing is substantially fluid-tight to

be used subaqueously.

4. A sensor as set forth in claim 3, wherein the housing includes a piston having a
distal end for accessing an underwater surface to permit the scintillator to detect radiation

emanating from the underwater surface.

5. A sensor as set forth in claim 1, wherein the housing includes a tubular structure
within which the scintillator is accommodated and which can be towed along an underwater

surface.
6. A sensor as set forth in claim 1, further comprising a positioning system that
measures the position of the sensor so that the position can be associated with radiation

measurements made by the sensor.

7. A sensor as set forth in claim 6, wherein the positioning system is a GPS.
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8. A sensor as set forth in claim 6, wherein the positioning system is an underwater

positioning system that can detect the location of the sensor in an underwater environment.

9, A sensor as set forth in claim 1, wherein the scintillator includes one of lutetium
yttrium orthosilicate crystals, bismuth germinate crystals, sodium iodide crystals, cerium doped

lanthanum bromide crystals, or a combination thereof.

10. A sensor as set forth in claim 1, wherein the circuit includes at least one

programmable controller for separating the electrical signal into the component signals.

1. A sensor as set forth in claim 1, wherein the component signals include signals
representative of radiation received from a particular radiation source, signals representative

of total measured radiation, or a combination thereof.

12. A sensor as set forth in claim 11, wherein the radiation sources include one of

Uranium, Thorium, Potassium, or a combination thereof,

13. A system for detecting hydrocarbon deposits, the system comprising:

a sensor that can measure radiation emanating from an earth surface within an area of
interest and separate the measured radiation into component signals, each having a particular
characteristic associated with a hydrocarbon signature; and

a computer process, stored within a computer readable medium, having instructions
that cause a processor to:

receive the component signals from the sensor;

determine a difference between the component signals and a baseline radiation
for the area of interest; and

display data showing a likelihood of the presence of hydrocarbon deposits in
locations within the area of interest based on the difference between the measured

radiation and the baseline radiation.
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14. A system as set forth in claim 13, wherein the component signals include one of:
signals each representative of radiation received from a particular radiation source, signals

representative of total measured radiation, or a combination thereof.

15. A system as set forth in claim 13, further comprising instructions that cause the

processor to generate, from the measured radiation, one or more maps of the area of interest.

16. A method of determining whether hydrocarbon deposits are present, the method
comprising:

establishing, by a computing system, a baseline amount of radiation expected to
emanate from an area of interest;

adjusting, by the computing system, the baseline amount of radiation by incorporating
into the baseline a predicted change in radiation due to interference factors that are present in
the area;

measuring, by a radiation sensor, radiation emanating from the area of interest; and

determining, based on a difference between the baseline amount of radiation and the

measured radiation, a likelihood that hydrocarbon deposits are present in the area.

17. A method as set forth in claim 16, wherein, in the step of adjusting, the
interference factors include geographical features, roadway features, historical well

information, subsurface water, weather information, or a combination thereof.

18. A method as set forth in claim 16, wherein, in the step of determining, the
difference is caused by material beneath a surface of the area of interest that blocks the

emanating radiation.

19. A method as set forth in claim 16, further comprising generating, from the
measured radiation, a map of the area showing the likelihood that hydrocarbon deposits are

present in the area.

20. A method as set forth in claim 19, wherein the map is a contour map with

contours representing one of: the difference between the baseline amount of radiation and
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radiation measurements received from the sensor, the total measured radiation, component
signals derived from the measured radiation, the likelihood that hydrocarbon deposits are

present, or a combination thereof.

21. A method as set forth in claim 19, wherein the map includes subsurface strata
information in particular locations on the contour map so as to providing correlations

between known strata and the radiation measurements,

22. A method as set forth in claim 21, wherein the subsurface strata information

includes gamma ray logs.

23. A method as set forth in claim 16, further comprising measuring the radiation
while traversing the area of interest with a radiation sensor, so as to create a map of radiation

measurements across the surface of the area,

24. A method as set forth in claim 16, further comprising associating a position with

the radiation measurements so that the radiation measurements can be mapped.

25. A method as set forth in claim 16, further comprising extrapolating the radiation
measurements onto locations within the area of interest where no radiation measurements

were taken for inclusion in a map of radiation readings.

26. A method as set forth in claim 16, further comprising displaying a map that
includes a visual representation of layers of substrate, based on the presence of gamma rays,
beneath the area of interest for estimating the amount of hydrocarbon deposits present in the

area of interest,
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ABSTRACT

A system and method for detecting hydrocarbon deposits includes a sensor
that can measure radiation emanating from an earth surface within an area of interest
and separate the measured radiation into component signals, each having a particular
characteristic associated with the presence of hydrocarbon deposits. The system also
includes a processor that can receive the component signals from the sensor,
determine a difference between the component signals and a baseline radiation for the
area of interest, and display data showing a likelihood of the presence of hydrocarbon
deposits in locations within the area of interest based on the difference between the
measured radiation and the baseline radiation. The processor may also generate maps

of the area of interest.
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