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Upstream Technologies OverviewUpstream Technologies Overview

• Upstream & Midstream Definition

• Oil & Natural Gas Production Technologies

• Processing Technologies

• Technologies for Meeting Regulatory Issues

Agenda – Upstream / Midstream 101

A Brief Introduction to………………………………..
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Upstream Technologies OverviewUpstream Technologies Overview

Upstream Processes
• Exploration 
• Well Drilling 
• Oil Production
• Wellhead Gas Compression 
• Gas Gathering & Boosting
• Advanced Recovery Processes

Midstream Processes
• Gas Processing
• Gas Storage
• Marketing / Transporting

Upstream & Midstream Technologies
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Upstream Technologies OverviewUpstream Technologies Overview Oil & Gas Well Drilling

Fundamentals
• Deep hole drilled by a rotary drill rig to a  

depth of 100 ft. to several miles deep.
• Steel pipe casing inserted into the hole 

to provide structural integrity. 
• Casing is perforated at the base of the

well to enable oil flow into the casing. 
• A collection of valves (Christmas tree) is

fitted to the top of the casing to regulate
pressure and control flow.

Related Technologies
• High-pressure compressed air is used to

power rotary drills.
• Diesel powered generator sets provide

site power for drilling, drill string
withdrawal, and auxiliary needs. 

• Water and drilling fluid disposal needs.
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Upstream Technologies OverviewUpstream Technologies Overview Oil Extraction & Recovery
Primary Recovery      

Fundamentals
• Underground pressure in the reservoir is

sufficient to force oil to the surface.
• Natural gas or water are usually present

to supply the needed underground  
pressure.

• A well head Christmas Tree valve stack
connects the well to a pipeline network
for storage and processing. 

Related Technologies
• Water and drilling fluid disposal needs.

Primary Recovery typically recovers about 20% of the oil in a reservoir.
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Upstream Technologies OverviewUpstream Technologies Overview Oil Extraction & Recovery
Secondary Recovery      

Fundamentals
• Underground pressure in the reservoir is 

not sufficient to force remaining oil to
the surface.

• Various techniques to aid recovery from
depleted or low-pressure reservoirs:
- Beam pumps – electric or gas driven
- Electric submersible pumps
- Other techniques to increase reservoir
pressure and sweep oil out of the pore
space and into production wells:
- Water injection
- Natural gas reinjection
- Gas Injection 
- Gas lift
- Air injection (fire flood)
- CO2 injection

Related Technologies
• Water and drilling fluid disposal needs.

Primary + Secondary Recovery typically recovers 
about 25% to 35% of the oil in a reservoir.



Gas / Electric PartnershipGas / Electric Partnership
Workshop XVI Workshop XVI –– Jan. 30, 2008Jan. 30, 2008

6

Upstream Technologies OverviewUpstream Technologies Overview Oil Extraction & Recovery
Secondary Recovery      

Primary + Secondary Recovery typically recovers 
about 25% to 35% of the oil in a reservoir.

Cedar Hills North Unit Production
Continental Resources, Inc.
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Upstream Technologies OverviewUpstream Technologies Overview Oil Extraction & Recovery
Tertiary Recovery      

Fundamentals
• Reduces the oil’s viscosity to increase

oil production.
• Various techniques to aid recovery from 

depleted or low-pressure reservoirs:
- Thermal enhancement (steam or hot

water injection
- In-situ burning 
- Detergent addition
- CO2 flooding

Related Technologies
• Water Injection pumps
• Steam or CO2 compressors
• Water and drilling fluid disposal needs.

Tertiary Recovery typically recovers an incremental
5% to 15% of the oil in a reservoir (30 to 50% total).
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Upstream Technologies OverviewUpstream Technologies Overview

• Raw natural gas comes from three types of wells:
1. Associated Gas from Oil Wells

- can exist as free gas separate from oil in the formation, or
can be dissolved in crude oil

2. Gas Wells
- produce raw gas, usually saturated with water

3. Condensate Wells.
- produce free natural gas along with semi-liquid 
hydrocarbon condensate

• Natural gas is primarily methane, but may also contain
significant quantities of:
- heavier hydrocarbons (ethane, propane, butane,
& pentane, removed as condensate)

- water vapor
- CO2, nitrogen, helium, H2S & other compounds. 

• Before natural gas can be used as a fuel, almost all 
materials other than methane must be removed.

• Byproducts must be stored and either sold or disposed of.

Natural Gas Production
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Upstream Technologies OverviewUpstream Technologies Overview Gas Gathering / Well Head Compression

Fundamentals
• Gas is extracted / collected from deep

gas and oil wells drilled into the
formation.

• Suction pressure as high as 200 psig to
less than atmospheric pressure.

• Suction pressure declines as well plays
out.

• Gas is compressed to higher pressure
required by gathering pipeline grid.

• Wet gas requires copious liquid
and solids separation capacity.

• Gas fired heaters are used to prevent
the formation of hydrates.
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Upstream Technologies OverviewUpstream Technologies Overview Gas Gathering / Well Head Compression
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Upstream Technologies OverviewUpstream Technologies Overview Coal Bed Methane (CBM)

Compliments of Ariel Corp.

Fundamentals
• Gas is extracted / collected from shallow

wells drilled into coal seams.
• Suction pressure typically near or below

atmospheric pressure.
• Gas is compressed to higher pressure

required by gathering pipeline grid.
• Wet gas requires copious liquid

separation capacity.
• High methane content with some CO2.
• Water separation and disposal in

injection wells.
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Upstream Technologies OverviewUpstream Technologies Overview Produced Water Disposal

Fundamentals
• Produced water is filtered or otherwise 

treated to remove particulates that
might plug formations.

• Water is injected into underground
caverns or depleted formations via
deep wells.

• Environmental regulations apply.

Related Technologies
• Condensate separation
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Upstream Technologies OverviewUpstream Technologies Overview Field Power Generation

• Diesel engine powered gen-set
• Natural gas engine powered gen-set
• Natural gas micro-turbine gen-set
• Compressor package auxiliary generator or alternator
• Natural gas turbine gen-set
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Upstream Technologies OverviewUpstream Technologies Overview Gas Boosting

Fundamentals
• A central gathering pipeline receives gas

from multiple wells, most of which may
have well head compressors.

• The gathering pipeline typically handles 
wet, rich gas.

• The gas is delivered to a processing
plant for clean-up and removal of
salable hydrocarbon liquids.

• AGA estimates 36,100 miles of 
gathering system in the USA (1999). 
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Upstream Technologies OverviewUpstream Technologies Overview Gas Processing Plant

Duke Energy Gas Transmission Canada

Fundamentals
• Various processes are used to convert

raw natural gas into dry, pipeline quality
sales gas.

• Processing yields byproducts such as 
sulfur, ethane, and NGL propane,
butane, and natural gasoline (pentane). 

Related Technologies
• Condensate separation
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Upstream Technologies OverviewUpstream Technologies Overview Gas Plant / Refrigeration

Compliments of Ariel Corp.

Fundamentals
• Gas gathered from individual wells and

other sources is piped to processing 
plants where propane and heavier
hydrocarbons are separated for sale as
natural gas liquids (NGLs).

• An external closed loop propane
refrigeration system is used to chill gas
to around -30°F.

• Condensed liquids (NGLs) are
separated in a low temperature
separator and stabilized in a
deethanizer column.

• Gas from the deethanizer colum is
compressed, cooled and recycled to
the inlet gas stream for further
processing.
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Upstream Technologies OverviewUpstream Technologies Overview Gas Lift

Compliments of Ariel Corp.

Fundamentals
• Produced or associated gas is gathered

and captured during oil production.
• Gas is pressurized and injected into the

oil well casing.
• Injected gas passes through gas lift

mandrels and valves at various
elevations in the production tubing
string to lower the hydrostatic pressure
of the oil column, causing oil to flow.

• Produced oil is collected for processing
and refining.

• Produced gas is recovered and re-
injected into the casing again.
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Upstream Technologies OverviewUpstream Technologies Overview Gas Dehydration

Glycol Dehydration Fundamentals
• Liquid desiccant dehydrator (glycol)

absorbs water in a “contactor”.
• After absorption, the glycol particles fall

to the bottom of a separator.
• A flash tank separators entrained gas.
• Solution is heated to boil off the water.
• Glycol is recycled.

Desiccant Dehydration Fundamentals
• Two or more adsorption towers filled

with granular silica gel material.
• Wet gas passed through from top to

bottom of one tower at a time, where
water is absorbed.

• Saturated desiccant is regenerated by
passing heated gas through tower to
remove water as vapor.

Duke Energy Gas Transmission Canada
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Upstream Technologies OverviewUpstream Technologies Overview Gas Injection

Compliments of Ariel Corp.

Fundamentals
• Produced gas is captured during oil 

production.
• Gas is pressurized and re-injected into

the formation to maintain reservoir
pressure to force oil and gas to the
surface through oil production wells.

• Secondary Recovery
- Produced oil is collected for
processing and refining.

- Produced gas is captured and
reinjected.
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Upstream Technologies OverviewUpstream Technologies Overview Acid Gas Injection

Compliments of Ariel Corp.

Fundamentals
• Gas sweetening required to meet

pipeline specification required for
transporting and sales of natural gas.

• H2S and CO2 (lethal, corrosive!) are 
extracted, compressed and injected
into gas reservoir for disposal and
enhanced oil recovery 

Related Technologies
• Condensate separation
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Upstream Technologies OverviewUpstream Technologies Overview Air/Nitrogen Injection

Compliments of Ariel Corp.

Fundamentals
• Under-balanced Drilling

- Oil or gas well drilled with well bore 
fluid gradient < natural formation

- Injected gas pressure < formation 
pressure

- Saves production cost and time 
• Fire Flood

- Air injection causes underground 
spontaneous combustion to heat oil to
reduce viscosity.

- Combustion byproducts CO2, N2 and 
H2O dissolve oil from tight formations. 



Gas / Electric PartnershipGas / Electric Partnership
Workshop XVI Workshop XVI –– Jan. 30, 2008Jan. 30, 2008

23

Upstream Technologies OverviewUpstream Technologies Overview Gas Storage

Compliments of Ariel Corp.

Fundamentals
• Gas from pipelines or LNG terminals is

pressured and injected through wells
drilled into depleted gas or oil
reservoirs, salt caverns, and mined
underground caverns.

• Typical cavern pressures may vary from
<800 psig when “empty” to nearly 3,000
psig when “full”.

• Gas is stored until required for periods of
peak demand and/or optimal market
conditions.

• Gas free flows from the cavern to the
pipeline, supplemented by withdrawal
compressors to boost the gas
withdrawal flow rate as the cavern
pressure approaches pipeline pressure.
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Upstream Technologies OverviewUpstream Technologies Overview Technologies for Meeting
Regulatory Requirements

• Exhaust Emissions regulations , permits and compliance requirements
- NOx
- carbon monoxide
- volatile organic compounds (VOC), including aldehydes

• Fugitive Emissions regulations
• Greenhouse Gasses
- carbon dioxide
- methane

• Ground Water protection
• Noise regulations 
• Reduced Total Carbon Footprint
- will require more efficient utilization, automated control and monitoring of assets

Operational Challenges
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Upstream Technologies OverviewUpstream Technologies Overview Technologies for Meeting
Regulatory Requirements

• Exhaust Emissions regulations , permits and compliance requirements
- NOx
- carbon monoxide
- volatile organic compounds (VOC), including aldehydes

• Fugitive Emissions regulations
• Greenhouse Gasses
- carbon dioxide
- methane

• Ground Water protection
• Noise regulations 
• Reduced Total Carbon Footprint
- will require more efficient utilization, automated control and monitoring of assets

Discussed in 
Earlier Sessions
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Upstream Technologies OverviewUpstream Technologies Overview Technologies for Meeting
Regulatory Requirements

• Compliance with Noise regulations 
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Upstream Technologies OverviewUpstream Technologies Overview
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• Reduced Total Carbon Footprint
- will require more efficient utilization, control and monitoring of assets

Technologies for Meeting
Regulatory Requirements



Gas / Electric PartnershipGas / Electric Partnership
Workshop XVI Workshop XVI –– Jan. 30, 2008Jan. 30, 2008

28

Upstream Technologies OverviewUpstream Technologies Overview

• Reduced Total Carbon Footprint
- will require more efficient utilization, automated control and monitoring of assets

Technologies for Meeting
Regulatory Requirements
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Upstream Technologies OverviewUpstream Technologies Overview

• Reduced Total Carbon Footprint
- will require more efficient utilization, control and monitoring of assets

Technologies for Meeting
Regulatory Requirements
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Upstream Technologies OverviewUpstream Technologies Overview

• Reduced Total Carbon Footprint
- will require more efficient utilization, control and monitoring of assets

Technologies for Meeting
Regulatory Requirements

1- Remote Monitoring
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Upstream Technologies OverviewUpstream Technologies Overview

• Reduced Total Carbon Footprint
- will require more efficient utilization, control and monitoring of assets

Technologies for Meeting
Regulatory Requirements

1 - Remote Monitoring
2 - Diagnostics
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Upstream Technologies OverviewUpstream Technologies Overview

• Reduced Total Carbon Footprint
- will require more efficient utilization, control and monitoring of assets

Technologies for Meeting
Regulatory Requirements

1 - Remote Monitoring
2 - Diagnostics
3 - Optimization of Assets
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Upstream Technologies OverviewUpstream Technologies Overview






