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Chapter 1



INTRODUCTION TO HYDROCARBON LIQUID PIPELINES 1.1 LIQUID HYDROCARBON TRANSPORTATION SYSTEM SCOPE The liquid pipeline transportation systems that apply to hydrocarbon liquids include, crude oil, natural gas liquids, refined petroleum products, liquid petroleum gases (LPG), gas to liquids (GTL), anhydrous ammonia, alcohols, and carbon dioxide. The systems generally consist of the following: ·· ·· ·· ·· ··



pipelines (mainline and laterals); measurement facilities; pumping systems; pressure reduction facilities; pipeline appurtenances (scraper traps, flow restrictive devices (valves), drag reducer injection facilities, etc.); ·· Control systems for the above. The limits of the pipeline transportation systems are well defined by applicable codes, an example of which is shown in ANSI/ASME B31.4 — Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids (see Figure 1-1). Also included within the scope of the system are the following: ·· primary and associated auxiliary liquid petroleum and liquid anhydrous ammonia piping at pipeline terminals (marine, rail, and truck), tank farms, pump stations, pressure reducing stations, and metering stations, including scraper traps, strainers, and meter prover loops; ·· storage and working tanks, including pipe-type storage fabricated from pipe and fittings, and piping interconnecting these facilities; ·· liquid petroleum and liquid anhydrous ammonia piping located on property which has been set aside for such piping within petroleum refinery, natural gasoline, gas processing, ammonia, and bulk plants; ·· those aspects of operation and maintenance of Liquid Pipeline Systems relating to the safety and protection of the general public, operating company personnel, environment, property, and the piping systems



1.2 HYDROCARBON LIQUID PIPELINES Hydrocarbon liquid pipelines are utilized for transporting liquid hydrocarbons including crude oil or natural gas liquids from producing fields to refineries, where 1
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2    n    Hydrocarbon Liquid Transmission Pipeline and Storage Systems



Figure 1-1.  Liquid Hydrocarbons Pipeline System Definitions (ANSI/ASME B31.4)



they are turned into gasoline, diesel and other petroleum products. Some liquids pipelines are also used to transport these finished petroleum products from refineries to terminals and distribution centers. Petroleum products include fuels such as gasoline, aviation fuel, diesel, and heating oil, as well as hundreds of products such as solvents and lubricants, as well as raw materials for manufacturing petrochemicals. Liquid hydrocarbon pipelines can be used to move different batches or grades of liquids or varieties of crude oil. In a closed system, each batch of product is transported along the pipeline at the same velocity and may or may not be separated by mechanical devices. Where the two batches do come in contact with each other, there is a small amount of mixing that occurs — these small interface volumes, known as transmix, are segregated and eventually reprocessed at a refinery. Output from one barrel of oil after processing (in % terms) is shown in Figure 1-2.
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Introduction to Hydrocarbon Liquid Pipelines    n    3



Figure 1-2.  Output from A Barrel of Oil (%) (courtesy of CEPA, 2011) [1]



In actual volume, from refining processes, one barrel of crude oil (42 US gallons) the following amount of petroleum products are GENERALLY produced (in US Gallons): ·· ·· ·· ·· ·· ·· ·· ·· ·· ·· ·· ··



Gasoline — 19.4 Distillate fuel — 9.7 Kerosene type fuel — 4.3 Coke — 2.0 Residual fuel oil — 1.9 Liquefied refinery gases — 1.9 Still gas — 1.8 Asphalt or road oil — 1.4 Petrochemical feed stocks — 1.1 Lubricant oils — 0.5 Kerosene — 0.2 Other — 0.4



It may be noted that the total is over by 2.4 US Gallons due to processing gain.



1.3 LIQUID PIPELINE TRANSPORTATION SYSTEMs Liquid petroleum systems include production wells and gathering lines for crude oil production, processing plants and refineries, transmission pipelines, pump stations, valve and metering stations, and aboveground/belowground storage facilities as shown in Figure 1-3. Liquid transmission and distribution system components can consist of the following: ·· ·· ·· ·· ··



Field production facilities (onshore and offshore); Gathering pipeline facilities; Treatment/refining/processing facilities; Pipeline terminals (tank farms and/or pump stations); Receipt meter/custody transfer stations;



Downloaded From: http://ebooks.asmedigitalcollection.asme.org/ on 12/11/2015 Terms of Use: http://www.asme.org/about-asme/terms-of-use



4    n    Hydrocarbon Liquid Transmission Pipeline and Storage Systems



Figure 1-3.  Components of oil production, transmission, and distribution systems



·· ·· ·· ·· ·· ·· ·· ·· ·· ·· ·· ·· ·· ··



Lateral lines; Mainline transmission pipelines; Mainline control valves to regulate pressure or flow; Emergency flow restrictive devices (valves, check valves); Manifolds (piping/valving arrangements); Mainline pumping facilities (including prime movers, station controls, etc.); Pipeline inspection devices (scraper traps, pigging stations); Delivery/custody transfer meter stations; Product quality control and sampling; Storage facilities (tankage/caverns); Protection/corrosion control systems; Supervisory Control and Data Acquisition (SCADA) systems; Leak detection systems; Communication systems.



Crude oil must undergo refining before it can be used as a product. Once oil is pumped from the ground, it travels through gathering pipelines to tank batteries. A typical tank battery contains a separator to separate oil, gas, and water. After the crude oil is separated from other production fluids such as natural gas and water, it is usually stored in field production tankage or underground caverns. The crude oil is then transported to central pipeline terminal facilities. The oil is then moved through large-diameter, long-distance transmission pipelines to refineries, other storage tanks, tanker ships, or railcars. The pressure in the main lines is initiated and maintained by pumps to overcome friction, changes in elevation, or other pressure-decreasing factors.
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Introduction to Hydrocarbon Liquid Pipelines    n    5 Drag reducing agents (DRAs) are sometimes used to improve throughput by decreasing the effects of friction. Pump stations are located at the beginning of the line and are spaced along the pipeline at regular intervals to adequately propel the oil along.



1.4 TYPES OF TRANSMISSION PIPELINES There are two types of liquid transmission pipelines; single product (transporting a petroleum product in a single stream (e.g., crude oil) or multi-products pipelines (transporting generally multiples of hydrocarbon liquids in a batch form). Single product pipelines (e.g., crude lines) are broken down into two types: ·· Gathering lines (generally NPS 6 or below) that transport crude oil or other hydrocarbon liquids to concentration points such as pipeline terminals; and, ·· Trunk or transmission lines transporting liquid hydrocarbon products usually from pipeline terminals and tank farms, refineries/processing plants to market area. From regulatory points of view, pipelines are categorized as follows: ·· ·· ·· ·· ·· ·· ··



Offshore (i.e., marine); Onshore (i.e., land based); Gathering or flow lines (from wells); Transfer lines; Piping and manifolds; Breakout piping (tanks); Distribution pipelines/pipes.



It may be noted that above category liquid pipeline includes “breakout tanks” as  in US DOT CFR Section§ 195.1: “Breakout tank means a tank that is used to (a) relieve surges in a hazardous liquid pipeline system or (b) receive and store hazardous liquid transported by a pipeline for reinjection and continued transportation by pipeline” [2]. Also, it may be noted that distribution pipelines can be composed of several interconnected pipelines with small diameters, used to deliver products to the final consumer. Pipelines at terminals for distributing products to tanks and storage facilities are included in this group.



1.5 LIQUID PETROLEUM PIPELINE NETWORKS Worldwide, there are vast networks of pipelines that transport liquid hydrocarbons from the sources of supply to terminals, refineries, processing plants, and market area. Global spread of pipeline transmission networks is indicated in Figure 1-4. It is significant to note that liquid hydrocarbon transmission pipelines mostly serve shorter hauls in comparison to natural gas transmission pipelines which are generally for long haul and cross border/international transportation. Liquid hydrocarbon production (crude oil and natural gas liquids) can be transported to refining facilities by a number of methods due to its low vapor pressure characteristics. The determination of the most economical method of getting the liquids from production areas that are often in remote areas to refineries can be based on a choice of either transmission pipelines, marine tankers, rail cars, or some combination of these transportation modes. In many cases, refineries are located in areas that can be
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6    n    Hydrocarbon Liquid Transmission Pipeline and Storage Systems



Figure 1-4.  World Regional Pipeline Transportation Spread (KM)



accessed by marine tankers and, if the production facilities are located near tidewater, tankers are often the transportation system of choice. Much of the world’s production of crude oil is transported to market by a tanker. Natural gas, unless it is liquefied, cannot be economically transported by a tanker and therefore is typically moved to market directly through long haul transmission systems. Natural gas pricing recently has trended well below the energy-equivalent for crude oil (Figure 1-5). This and the fact that natural gas has an inherently reduced emission of CO2 have resulted in the increased demand for natural gas in power generation and other industrial uses. In Figure 1.5, it should be noted that the comparison of oil and gas prices are on an energy-equivalent basis, natural gas prices are increased by a factor of 5.8 since one barrel of oil = 5,800,000 BTUs, and natural gas is priced in dollars per million BTUs.



Figure 1-5.  Natural gas versus oil-energy equivalent value [3]
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Introduction to Hydrocarbon Liquid Pipelines    n    7 Therefore, when natural gas is selling for about $2.30 per million BTUs, its energy equivalent price for a barrel of oil would be $13.34 or 87% below the price of West Texas Intermediate (WTI) oil at $104.71. When measured on an energyequivalent basis, natural gas has never been cheaper in comparison to oil than it is today [3]. Long haul overland liquid hydrocarbon pipeline transportation provides superior safety performance and efficiency in comparison to truck or rail transportation. They are a secure form of liquid hydrocarbon transportation within a nation or between friendly neighbors. World on-shore operating liquid hydrocarbon pipelines are listed in Table 1-1 [4], CIA 2009. World breakdown of liquid hydrocarbon pipelines are indicated in Figure 1-6. Table 1-1.  World Onshore Hydrocarbon Liquid Operating Pipelines [5]
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Table 1-6.  US and Canadian Regulatory Definition
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Introduction to Hydrocarbon Liquid Pipelines    n    9 Table 1-2.  World major daily oil imports and exports, 2008 in thousand barrels [6] Country



Crude Imports



US Canada Mexico Southern and Central America Europe Former Soviet Union Middle East North Africa West Africa East and Southern Africa Australasia China India Japan Singapore Other Asia Pacific Unidentified * Total World



Product Imports



9756 693 40 610 10859 1 220 329 18 509 489 3581 2557 4069 1092 4627 39451



3116 288 500 864 2892 149 202 170 281 189 400 812 458 856 1593 2390 17 15175



Crude Exports



Product Exports



139 1931 1459 2479 281 6235 17925 2618 4466 340 274 75 ^ 40 931 257 39451



1829 566 150 1136 1741 1948 2203 642 121 17 37 313 718 356 1542 1460 394 15175



The breakdown of oil including product imports and exports by country is provided in Table 1-2. In 2008, in United States alone, liquid pipelines transported over 38 million barrels per day (B/D). This was roughly equivalent to twice actual US consumption of oil. The following indicates the share of domestic shipments, in barrel barrel-miles in the United States [7]: ·· ·· ·· ··



Pipelines — 66%, Water carriers — 28%, Trucks — 4%, Rail — 2%.



Figure 1-7.  World major oil trade movements 2008 (million tons), source [6]
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Figure 1-8.  Map of North America Pipelines: Crude Oil (/Petroleum) Natural Gas and Products, The World Fact Book, 2008, Courtesy ITA
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Introduction to Hydrocarbon Liquid Pipelines    n    11 It may be noted that, in the US, pipelines carry 17% of US freight at 2% of the cost. Globally, from Table 1-2, it may be noted that a net movement of about 2000 billion barrels of oil is realized annually. Figure 1-7 shows the corresponding world major oil trade movement provided in Table 1-2. The North American pipeline network is shown in Figure 1-8. The previous Figure 1-8 illustrates North American pipelines including those for oil, gas, and products such as gasoline, propane, and ethylene. Similar regional maps can be accessed by referring to website http://www.theodora.com/pipelines/north_amer ica_oil_gas_and_products_pipelines.html.



1.6 SINGLE VERSUS MULTIPLE PRODUCTS PIPELINE As indicated previously, liquid pipelines are either designed to carry single products (i.e., transporting a petroleum product in a single stream) such as low vapor pressure fluids (e.g., crude oil, bitumen, water, etc.), refined products, high vapor pressure fluids (e.g., condensate, propane, etc.) or a number of products (low and/or high vapor pressure) in a batch form. Others include slurry (mixed product pipelines) which are in essence single products pipeline but are designed to transport a heavier fluid/solids using a carrier fluid, such as water, carbon dioxide, air, etc.



1.6.1 Refined Petroleum Products Flammable and combustible liquids are the most common products transported by liquid transmission pipelines. These include refined products such as gasoline, aviation gas and jet fuel, and distillates, such as home heating and diesel fuels. It may be noted that refined gasoline is not the same as “natural gasoline” or “casing head gasoline”, which is the liquid hydrocarbon typically referred to as “natural gas condensate” that is recovered from “wet” natural gas production. Liquid hydrocarbon transportation in a batch form allows multiple products to be shipped in the same pipeline (Figure 1-9). Sequential movement of liquids in a batch form is commonly exercised by refineries and pipeline companies to transport multitudes of products through a single pipeline. This form of transportation includes batch transportation of low as well as high vapor pressure fluids. Liquid pipeline companies can transport and deliver a multiple of petroleum liquid products to many customers. For example, in year 2000, Colonial Pipeline delivered 90 different products for 85 customers to 270 terminals and into more than 1000 storage tanks, Jacobs, 2002. Typical products commonly transported as single or batched products together with their properties are shown in Table 1-3 [4]. The industry expects



Figure 1-9.  Typical sequence of petroleum products flow through a pipeline
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12    n    Hydrocarbon Liquid Transmission Pipeline and Storage Systems TABLE 1-3.  Typical petroleum products and their properties (at 101.325 kPa and 15°C) transported by pipelines [4] Commodity Diesel Gasoline (leaded) Gasoline (unleaded) Jet A Fuel Jet B Fuel Kerosene Condensate (sweet) Condensate (raw) Propane (@1000 kPa)



Butane (at 470–520 Kpa) Very Heavy Oil



Heavy Crude Medium Crude Light Crude



Viscosity (CS) 6.86 5.10 0.68 0.61 0.7 0.63 8 1.5 1.9 1.5 3 2.2 0.599 0.548 0.199 0.171 0.218 0.199 0.166 0.237 0.235 0.212 21.1 37.8 40 50 21.1 37.8 21.1 37.8 21.1 37.8



Temperature (°C) 5 15 5 15 5 15 29 0 15 35 15 35 15 25 15 30 20 30 52 25 44 52 83 3.75 3.28 2.44 37 19 16.2 9.41 10.2 6.25



Density (kg/m3)* 847 820 711.3 – 699 690 (assumed) 774 – – – – – 708.8 688.8 572.3 547.5 500.6 483.5 446.9 560.8 535.12 529



that all products transported meet the physical constraints of the system and generally are free of water or other unacceptable impurities. Refer to Chapter 5 for Batching in Products pipelines. Properties of some petroleum products (condensate and diluents) and crude oils (Heavy, light, medium, sweet/sour) generally available and transported through pipeline in United States and Canada are shown in Table 1-4. There are other crude oil and products characteristics that are not included in Tables 1-3 and 1-4. Such characteristics/properties are included Chapters 2, 3, 5, 6, and 8 where their applications are demonstrated.



1.7 LIQUID PIPELINE DEVELOPMENT HISTORY/CHRONOLOGY 1.7.1 Historical Overview Pipeline history for the petroleum industry is about two centuries old over the span of which the pipeline industry has grown into a worldwide transportation system handling well over 2 billion barrels of oil per annum. Liquid hydrocarbon pipelines are able to transport multiple grades and types of product without significant mixing. The pipelines transport crude oil economically and safely from the oil producing fields to the refineries and refined products from the refineries to centers of population.
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Introduction to Hydrocarbon Liquid Pipelines    n    13 Table 1-4.  Typical US and Canadian crude and products characteristics



The history of liquid pipelines can be traced to early 19th century. In the United States liquid pipelines can be traced to the late 1800s in Ohio, Pennsylvania, and New Jersey [8]. The primary driver for the use of pipelines has always been economic. When oil was discovered and production commenced, crude oil volumes were small and a
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14    n    Hydrocarbon Liquid Transmission Pipeline and Storage Systems distributed transportation system, such as horse-drawn wagons, trucks, and railroads, was the most efficient means of transporting the oil to refineries where it would be converted into products desired by oil consumers [9]. Late 1800s Pioneering of pipeline transportation by Vladimir Shukhov and the Branobel company 1857 The birth of Canadian petroleum industry (James Miller Williams discovery of an oil well in Enniskillen Township (Oil Springs), Ontario 1859 Colonel Drake Strikes Oil, Titusville, Pennsylvania 1859 World’s first dependable internal combustion engine by French engineer J.J. Etienne Lenoir 1860 Samuel Duncan Karnes conceptualize transportation of oil by pipelines, Parkesburg WV, USA [10] 1860 First oil pipeline in the USA (by Oil Transport Association), 2-in. (51 mm) wrought iron pipeline over a 6-mile (9.7 km) track from an oil field in Pennsylvania to a railroad station in Oil Creek, 1862 Use of iron pipe in oil wells 1862 The first oil refinery (using atmospheric distillation to produce kerosene) 1863 The Teamsters & Pipeline Gathering (first transportation of oil by whiskey barrels) 1865 The first oil pipeline in the United States, following the discovery of oil in Pennsylvania. Van Syckel 5 miles oil line (wrought iron, lap welded) [11, 12]. 1870 Creation of Standard Oil by John D. Rockefeller 1879 Construction of the first Crude trunk line, Tidewater 1880s The rise of Russian oil industry (discovery of oil near the Russian sea town of Baku and building of first pipeline east of Baku to) 1880-1905 Oil discoveries in Ohio, Oklahoma and Kansas) Oil discovery in California at the turn of the century) USA 1890 Anti Trust Act the USA 1891 The first high-pressure, long-distance pipeline was constructed between Chicago and fields in Indiana, a distance of almost 200 km 1903 US inventor, Henry Ford, builds the first Model-A automobile 1905 Cross country crude oil pipelines (Texas, Oklahoma and Kansas to the refineries in the Eastern USA) 1906 1st US pipeline regulation (Hepburn Act making interstate pipelines common carriers thus offering services at equal cost to all shippers) under Interstate Commerce Act 1911 Construction of the first pipeline from Masjed Soleiman to Abadan, Iran 1912 Dissolution of Standard Oil into seven regional oil companies. 1914 Discovery of Oil and wet natural gas In Alberta (Turner Valley), Canada 1917 World War I 1925 First introduction of crude oil to Iranian markets 1938 First offshore producing oil well is in the Gulf of Mexico 1939 World War II 1940 Beginning of oil pipelines in Brazil 1945 Growth of product pipelines to eastern sea world, USA 1948 Conception of first oil transmission pipeline in Canada 1950 Beginning of construction of 1800 km long Interprovincial crude oil
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Introduction to Hydrocarbon Liquid Pipelines    n    15 pipeline (Redwater oil field in Alberta, Canada to Superior Wisconsin, USA) 1951 Incorporation of the TransMountain Oil Pipe Line Company 1953 Incorporation of Great Canadian Oil Sands Limited 1954 Formation of Stanolind (Indiana Standard pipeline company), the largest liquid pipeline carrier in North America 1959 Formation of National Energy Board (NEB) of Canada 1960s First Brazilian long distance oil pipeline (TORGUÁ and REDUC) 1968 Discovery of Oil in Purdue Bay, Alaska 1969 National Environmental Policy Act (NEPA) 1970 Peak production of oil in the United States (9.4 million barrels of production per day in the Lower 48 states 1970s–1990s The Advent of Specialty Pipes 1973 Trans-Alaska Pipeline Authorization Act (by President Nixon) 1976 



Creation of Call Before You Dig “DigAlert”



1977 Creation of FERC (US Federal Energy Regulatory Commission under Department of Energy Organization Act) 1977 Trans-Alaska Pipeline Operation Start 1979 The Hazardous Liquid Pipeline Safety Act, USA 1985 Construction of 30-inch pipeline to link South-Central coast oil with Freeport, the Celeron Pipeline Company of California. 1992 US Energy Policy Act 1999 Formation of BP Amoco Pipelines (North America) 2003 1st Use of X120 steel pipe 2006 BTC (Baku-Tbilisi-Ceyhan) Pipeline became operational, July 13th.



1.7.2 Codes, Standards and Regulations (Addressing Liquid Pipeline Design, Construction and Operation) 1.7.3 Codes The primary liquid pipeline design codes that are widely used are as follows: ·· ASME B31.4, Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids ·· BS 8010, Code of practice for pipelines. Pipelines on land, parts 1 and 2 (published by BSI in 2004, later withdrawn to support BS EN 14161 now ISO 16623) ·· EN 14161, European code for design of petroleum and gas transport systems ·· ISO 13623, Petroleum and natural gas industries - Pipeline transportation systems (an International code) ·· DNV OS-F101, Rules for Design, Construction and Inspection of Marine Pipelines and Pipeline Risers (The design section of this code is mainly based on ASME codes) ·· API RP-1111 (Design, Construction, Operation, and Maintenance of Offshore Hydrocarbon Pipelines) ·· AS 2885 parts 0, 1, 2, 3, 4 and AS/NZS 2885.5 “Pipelines—Gas and Liquid Petroleum” ·· CSA Z 662, Oil and gas pipeline systems Other widely used codes for pipeline and facilities are listed in Table 1-5.
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16    n    Hydrocarbon Liquid Transmission Pipeline and Storage Systems Table 1-5.  Major applicable hydrocarbon liquid pipeline codes



1.7.4 Regulations [13,14] Generally, governmental authorities, such as federal, state, and municipal agencies, have the right to issue regulations defining minimum requirements for the pipeline and related facilities.These regulations are legally binding for the design, construction, and operation of pipeline system facilities which come under the jurisdiction of the relevant authority. The American Society of Mechanical Engineers (ASME) Code for Pressure Piping ASME B31.4, Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids is generally the industry’s norm for design and operation of hazardous liquid pipelines. The main design principle of this code is that the pipeline is assessed as a pressure vessel, by limiting the pipe hoop stress to a specific fraction of minimum specified yield strength (SMYS). In US, the code is incor-
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22    n    Hydrocarbon Liquid Transmission Pipeline and Storage Systems porated by reference in US DOT Office of Pipeline Safety Code of Federal Regulation 49 C.F.R. PART 195—TRANSPORTATION OF HAZARDOUS LIQUIDS BY PIPELINE. This regulation is overseen and enforced by the US Pipeline and Hazardous Materials Safety Administration (PHMSA) under US Hazardous Liquid Pipeline Safety Act of 1979. AS 2885-1:1997—Pipelines, gas and liquid petroleum, design and construction relates to design, construction, testing, operations, and maintenance of gas and petroleum pipelines that operate at pressures in excess of 1050 kPag. In Canada National Energy Board (NEB) regulates the inter-provincial and international pipelines, i.e., pipelines that cross Canadian border to USA. Table 1-6 provides the regulatory definition for US and Canadian pipelines (PS/BC):



1.8 MAJOR PIPELINE FACILITIES LAYOUT 1.8.1 Pump Station Pump stations are required to boost the pressure of the liquid hydrocarbon for transportation through the transmission pipeline. At a minimum, pump stations include pumps and prime movers to the pumps. Centrifugal pumps are most commonly used in liquid transmission pipelines due to their ability to economically handle large volumes of product (see Chapter 4). Prime movers are primarily electric motors due to their relatively low cost and inherent reliability but in areas where electric power is not available, gas turbine or diesel internal combustion engines may be utilized. Pump station piping consists of piping manifolds and valves separate from the main pipeline. These facilities allow the connection of the pumping units to the station piping and control functions. Often, multiple pump units are installed in series, parallel or combined configurations to meet operational requirements. Pump stations require infrastructure that addresses waste handling such as sump systems and pump out facilities. Also, the handling and injection of additives, such as drag reducers, often occurs at pump stations. Pump stations are typically equipped with sufficient emergency power generation to support monitoring and control systems to accomplish an immediate safe shutdown. Pump stations can in certain instances have co-located facilities that support pipeline operation or facilitate shutdowns or maintenance on pipeline segments. This may include breakout tankage for temporary storage of product or for use in managing line pressures and controlling product surges. Finally, pump stations are in some instances, co-located at pipeline terminal facilities. A typical pump station layout is shown in Figure 1-10.



1.8.2 Metering/Measurement Measurement is a reference standard used for the quantitative comparison of properties such as fluid flow (mass, volume, energy) and static storage tank gauging (refer to Chapter 7). There are two types of flow measuring devices: ·· Direct measurement devices (energy extractive). These devices use the fluid properties as direct measuring parameters to determine the fluid flow rate. Such parameters are mass, density, viscosity, temperature, pressure, etc. Examples are Positive Displacement Meters and Mass Flow Meters.
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Introduction to Hydrocarbon Liquid Pipelines    n    23



Figure 1-10.  Typical pump station mechanical/piping layout



·· Inferential Measurement Devices (energy additive). Inferential measuring devices use parameters other than the fluid properties, such as electronic pulse counts, meter factors, system factors, linear and rotational velocities form components of the measuring devices to infer the fluid flow rate. Examples are: turbine, orifice plate, vortex shedding, venturi and ultrasonic and Coriolis mass flow meters. Generally, hydrocarbon liquid measurement systems for pipeline applications may include any or all of the following: ·· Metering ·· Primary devices ·· Secondary devices ·· Tertiary devices ·· Control ·· Pressure regulation ·· Flow control ·· Overpressure protection



Downloaded From: http://ebooks.asmedigitalcollection.asme.org/ on 12/11/2015 Terms of Use: http://www.asme.org/about-asme/terms-of-use



24    n    Hydrocarbon Liquid Transmission Pipeline and Storage Systems ·· Verification ·· Proving ·· Sampling ·· Quality ·· Others ·· Filtration / Separation ·· Heating ·· Temperature, Static and Differential Pressure Measuring Devices/Recording as required ·· Chart Recorders, ·· Manometers, ·· DP Cells, etc. ·· Densitometers ·· Viscometers Achieving consistent high accuracy measurements is purpose prime requirement for the pipeline industry. Custody transfer measurement facilities can achieve an accuracy of better than + 0.25%. Figure 2-17 show the measurement accuracy profiles for custody transfer/royalty metering [15]. Figure 1-11 refers to two general types of metering; Custody Transfer and Royalty metering as explained below: a) Custody Transfer. A measurement or transfer of a deliverable at the point of change of responsibility/ownership, providing quantity and quality information used for the physical and fiscal documentation of a change in ownership and/or



Figure 1-11.  Typical spread of measurement uncertainties (adapted from [15])
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Introduction to Hydrocarbon Liquid Pipelines    n    25 responsibility for the commodities between two parties possessing a contractual agreement and bound by the terms and conditions of such a contract. b) Royalty Transfer. A specialized form of measurements and is the basis for paying a fee or percentage of the revenues generated by the sales (royalty) to owner(s). Measurement is the basis of trade between oil producers, royalty owners, pipeline transportation companies, refiners, marketers, regulators, governmental authorities and the general public. Therefore, measurement of hydrocarbon fluids applies to steady-state mass flow conditions for fluids that, for all practical purposes, are considered to be clean, single phase, homogeneous and Newtonian (if possible) under the operating conditions of the measurement facility/metering station. Chapter 7 describes the type of metering used for pipeline applications. To some extent, the piping components for liquid meter stations (Figure 1-12) vary depending on the metering purpose; receipt, custody transfer, transmission, or delivery. But in each case, they require components to isolate and control the flow (valves), components to protect the meter from contaminants (filtration), flow conditioning elements, and the meters themselves. Additionally the station may require piping arrangements for a meter prover and appertaining valving and supports. A meter prover (Figure 1-13) is generally required to calibrate the meter for custody transfer purposes. Although primarily utilized to measure the volume, quality, and consistency of product for billing purposes and delivery receipts, storage tank monitoring and product metering can be used with line pressure monitors to verify that pipeline integrity has not been compromised. Any discrepancy could indicate some sort of system leak. Meter provers are designed to prove the accuracy of meters under operating conditions. They use detector switches and known volumetric section of pipe. Two typical configurations are: ·· unidirectional ·· bidirectional For design, operation and maintenance of liquid metering system and measurement techniques refer to [4]. Further details are provided in Chapter 7.



Figure 1-12.  Typical liquid hydrocarbon meter station piping schematics
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Figure 1.13.  Typical liquid meter proving components and piping arrangement



1.8.3 Valve and Manifolds 1.8.3.1 Valves Valves in pipelines are generally referred to as Emergency Flow Restricting Devices (EFRD) or sectionalizing valves on gas and liquids pipelines. This wording is well defined in API 1130 (2001). Valves have been utilized in pipeline transmission systems ever since pipelines have been used for transportation of liquid hydrocarbons. Pipeline companies rely on their liquid network of pipelines to consistently deliver a required amount of products to customer companies/clients at delivery points. Valves and valve operators are an integral part of this system. The actual type of valve selected is dictated by parameters such as pressure drop, leakage (seat and system), type of fluid, actuation requirements, cost and maintenance requirements. Figure 1-14 schematically presents the most commonly used valves in transmission pipelines [4] and provides an outline and design features of such valves utilized in hydrocarbon pipeline transmission systems. There are four types of valves used by as mainline transmission valves. These are: ·· ·· ·· ··



Gate valves Ball valves Plug valves and Check valves



There are also valves that are used for control, limit and/or relief of pressure and flow. These mostly used in pump/compressor/metering stations, they are also used on the mainline where required: ·· Globe valve ·· Relief valve ·· Control valve
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Figure 1-14.  S  chematic of most commonly used valves in transmission pipelines and a ball valve with an operator in an oil pipeline [4]



1.8.3.2 Manifolds Manifolds are piping with valving arrangements (Figure 1-15) to direct or divert flow of hydrocarbon liquids to and from pumps and pump stations, terminals and tank farms, and field gathering systems. The manifold design allows for both isolation of a facility and/or diversion of flow. Piping must be designed to avoid mechanical and flow induced vibration and allow flexibility of operation as well as pressure and thermally induced stress conditions.



Figure 1-15.  Typical pump station piping manifold
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1.9 GENERAL PIPELINE OPERATIONS Liquid pipeline operations are influenced by the design of the system either carrying a dedicated single product or a combination of products in a sequential batch form. Operation of a batched pipeline which allows multiple products (high and low vapor pressure) to be shipped through the same pipeline is however more complex. Batching is generally achieved by injecting liquids sequentially into the pipeline and thus pipeline operation is dependent on the following factors: ·· ·· ·· ·· ·· ·· ··



Number of products batched Nominations/contracts Batch injection methods Batch sequencing (schedule) and cycle Batch size, contamination level/quality Storage/capacity available Degree of automation



Liquid hydrocarbon pipeline operation commences with the pipeline operator receiving a request for shipment from various sources/customers (Shippers) for single or different products and delivery of product(s) to single or multiple locations. This is referred to as a Nomination. Typically, this is achieved through the following steps by the pipeline operator: ·· Scheduling department accepts nominations and develops a pumping schedule; ·· Control Center which remotely operates the systems commences the pumping operation; ·· Product is pumped into the pipeline system. Flow velocity usually 5-13 km h (3-8 mph); ·· Different products can be batched; ·· Product is transported to the intended destination, measured and tested; ·· Customers (Shippers) are billed for product movements through system. The pipeline operator constantly tracks the location of the shipment (through an SCADA system, Figure 1-16) as it moves from the initial receipt point to its delivery point. The SCADA system is comprised of field devices (instrumentation, data gathering units) and communication systems. The field Instrumentation includes



Figure 1-16.  Typical pipeline supervisory data acquisition and control system
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Introduction to Hydrocarbon Liquid Pipelines    n    29 flow, pressure and temperature gauges/transmitters, and other devices to measure the relevant data required. These instruments are installed along the pipeline on some specific locations, such as injection or delivery stations, pump stations, and block valve stations. The information measured by field instruments is gathered in local Remote Terminal Units (RTUs). It is usual to find RTUs installed at every station along the pipeline. The RTUs transfer the field data to a central control center in real time using communication systems, such as satellite channels, microwave links, land line or cellular phone connections. In the control center, all the data related to field measurement is consolidated in one central database. Such a data is also utilized for accounting purposes. The amount charged (with respect to pipeline transportation costs) to a Shipper is usually dependent upon the product transported, the volume, and the transportation distance (i.e., the distance between the receipt and delivery points). Control room operators monitor hazardous liquid pipelines through various computer equipment that record and display operational information about the pipeline system. Critical functions, such as pressure, flow rates, and valve positions, allow controllers to make informed decisions about what actions to take. The operators are the first line of defense for assessment of any potential hazard to the pipeline. These operators can take appropriate action to lessen any impact that may threaten the pipeline, the public, and the environment. In the US, the functions and qualification of the operators/controllers in control room who are assigned to monitor and control all or part of a pipeline facility through a SCADA system are defined by regulations [16]. The following definitions apply: ·· The “operator of a pipeline facility” refers to the company that operates the pipeline. Thus, the regulation applies to the pipeline operating company. The controller is not the operator. ·· Controller is defined as a qualified individual who remotely monitors and controls the safety-related operations of a pipeline facility via a SCADA system from a control room and who has operational authority and accountability for the remote operational functions of the pipeline facility on behalf of the operating company. ·· Control room is defined as an operations center staffed by personnel charged with the responsibility for remotely monitoring and controlling a pipeline facility. ·· Supervisory Control and Data Acquisition (SCADA) system is defined as a computer-based system or systems used by a controller in a control room that collects and displays information about a pipeline facility and may have the ability to send commands back to the pipeline facility Control room management is regulated by two sets of codes through US DOT, Pipeline and Hazardous Material safety Administration [17, 18]. While the final rule was issued in Dec 3, 2009, it has been effective through amendments to DOT, CFR part 195-93 since Feb 2010. It may be noted that LNG excluded entirely from regulations.
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