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ABSTRACT
The Alaska North Slope is a potential candidate for the Gas to Liquid (GTL)
technology. With over 38 Tcf of natural gas reserves stranded on the Alaska North
Slope, the GTL technology is considered as a possible method of harnessing the
abundant resources. GTL fuels are environmentally friendly (sulfur free) with better
ignition and burning properties than conventional petroleum products from crude
oil. Evaluating the options of transporting GTL products through the existing Trans-
Alaska Pipeline System (TAPS) together with crude oil either as a blend of crude
oil and GTL (commingled) or as alternate slugs of each product (batching) is the
main focus of this study. Economic evaluation using Rate of Return analysis to
identify the most favorable mode of transportation of the GTL products was
performed. Batching, using the modern tracking and sensor techniques was found to

be the most economic method yielding the highest return on investment.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

The Alaska North Slope (ANS) holds an estimated 38 Trillion Cubic Feet
(TCF) of proven natural gas reserves in the developed and undeveloped fields.
About 26 TCF of the ANS gas is estimated to be available for sale. In addition to
the known gas resources, published estimates by the U.S. Geological Survey
(USGS) puts the technically recoverable gas in the undiscovered fields at about a
mean value of 64 TCF (Thomas et al, 1996). Prudhoe Bay and Point Thompson
fields contain about 25 TCF of the estimated 26 TCF of recoverable natural gas
on the ANS, a significant resource of over 4 billion barrels of oil equivalent.
Natural gas hydrates is also another huge potential source of unconventional
natural gas. From the discovery of the Prudhoe Bay to the present, the urgency to
develop the capability to sell the large, currently unmarketable, ANS gas

resources has increased due to the steep decline in the ANS oil production.

Getting ANS natural gas resources to markets requires a thorough assessment
of all the options available for harnessing, processing and transporting the gas
from ANS to the markets. Options available for utilizing these gas resources

include;




1. Build a new natural gas pipeline from ANS to feed an LNG facility in
southeast Alaska. This option involves constructing 800-mile gas pipeline,
building an LNG facility and shipping the LNG products to the Far East and the
Pacific Rim markets. Total world LNG import in 1997 was 81.8 million tons, of
which, 61.7 million tons representing about 75% of world LNG imports went to
East Asia. Japan and Korea (nearly 60 million tons of imports). LNG imports is
expected to rise to 100 million tons in 2005 and an estimated 130 million tons in
2010. Many new potential LNG supply sources competing to fill this growing
demand include Qatar, Oman, and Yemen in the Middle East, Malaysia and
Indonesia in Asia. The importance of these market situation is to give an insight
into the pending competition that any Alaska North Slope gas project is expected

to meet in the market place.

2. Transport the gas through a new natural gas pipeline to the markets through
Canada to the continental US. This option is confronted with debates on the
particular route the gas pipeline would take to ensure maximum benefit to all
parties including the pipeline owners, the state of Alaska and its residents while
taking advantage of already existing pipeline infrastructure in Canada. The

options are either ‘the Northern route’ which will pass through the Beaufort sea,



down from the Mckenzie delta into the continental US. The other option is to

route the pipeline through interior Alaska and Canada to the mid-western states.

3. The other option is to take advantage of the Gas to Liquids (GTL)
technology, which is getting increasingly popular. The GTL option involves
converting the gas to middle distillate hydrocarbons by the Fischer-Tropsch
process and transport the fuels through the existing Trans Alaska Pipeline System

(TAPS) alongside the crude oil from the ANS.

The GTL technology is one of most promising options for harnessing and
utilizing the natural gas resources on the ANS. The advantage of the technology
utilizing ANS gas is that it is possible to transport gas products along with the
crude oil produced from the ANS through the existing Trans Alaska Pipeline
System (TAPS). The Trans Alaska Pipeline System is originally designed to
transport single-phase crude oil. Possible operational challenges that may be
potentially posed by transporting these products through the pipeline need to be
investigated. GTL products are known to have poor cold flow properties and this
is a major concern for transporting GTL through TAPS. Study of
solid/asphaltene deposition and wax appearance temperature and pressure when
GTL flows alone or with crude oil in the pipeline. Phase behavior of GTL

products and Reid Vapor Pressure concerns are all important transportation




issues that are critical to any mode of transportation proposed for the GTL

products.

Considering the huge investment required to make these high quality fuels,
another real challenge is how to transport these products to the markets through
TAPS with minimal contamination by the crude oil. The alternative is to simply
blend the product with the crude oil and transport it through the TAPS. Each
transportation option available has different economic impacts on the overall
economics of the project depending on how much investment is made to keep the

fuel as clean as possible at the Valdez marine terminal.

Transportation options identified are

1. batching alternate slugs of crude oil and the GTL products.

ii. transport the crude oil and the GTL as commingled fluids through TAPS.

The GTL option is strongly supported by the following points

e The decrease in throughput through the TAPS warrants an urgent need to get

additional liquids to be transported through the TAPS

e GTL fuels are environmentally superior to fuels from crude oil containing

little or no sulphur.




e The Technology is getting more popular and there are reported breakthroughs
in the Fischer-Tropsch synthesis, which is constantly driving the capital cost

of GTL plants to economic levels.

1.2 OBJECTIVES AND SCOPE OF STUDY
The overall objective of the study is to make an economic evaluation of all

the identified modes of transporting GTL products;

»

Identify all economic parameters that affect each mode of transportation.

b. Investigate the economic impact of the change in the hydraulics and

hydrodynamics of fluids in TAPS due to the introduction of GTL.

c. Incorporate the transportation of GTL products through TAPS into the entire
GTL project economics to find the most economical method of

transportation.

d. Incorporate some flexibility into the developed economic models to answer

various ‘what-if” questions.



Perform sensitivity analyses on all the various parameters that are input to the
economic evaluation, to study the effect of any changes in those parameters
to the whole project economics in general and the transportation economics

in particular.




CHAPTER 2

REVIEW OF LITREATURE

The decision on how to transport GTL products through the TAPS is as
important as making the decision of embarking on the GTL project itself.
Identifying the various transportation options and the operational challenges
facing these transport options becomes a key factor in the ANS gas utilization

project. Some key components of the transportation of the GTL study include;

i. Understanding of the GTL conversion process.

ii. Identification of the transportation issues with GTL product through TAPS

2.1 THE GTL CONVERSION PROCESS

Recently, most of the new literature regarding GTL information came from Exxon
and Syntroleum, two leading corporations with competing GTL processes. Both
processes are based on the Fischer-Tropsch (FT) technology, but each uses a
different method to produce the syn-gas used as a feed into the F-T process and

different catalysts in the F-T reactor. (Robertson et al, 1999).

Gas to Liquids conversion is essentially a three-step process (Hariharan 2000).

i. Synthesis gas (Syngas) Production




ii Synthetic Crude (Syncrude) Production or Heavy Paraffin Synthesis and

iii. Heavy Paraffin Conversion or Product refining.

Synthesis gas (CO + H,) is produced in the first step from natural gas by
steam reforming, partial oxidation or auto thermal reforming of natural gas. Once
syngas is produced, it is chemically converted to higher hydrocarbon liquids.
Various GTL conversion process are available with the F-T process as the most
popular. The Fischer Tropsch synthesis is a polymerization reaction that uses
CH, monomers derived from syngas to form high molecular weight
hydrocarbons. It is conducted in F-T reactors, which could be a fixed bed,
fluidized bed or slurry bed reactors. The fixed bed reactor is used primarily to
produce diesel while the fluidized bed reactor is to produce gasoline. The third
step involves upgrading F-T products and is used to improve liquid fuel
selectivity and quality of GTL products. The upgrading is achieved by
oligomerization of the C; to Cq olefins and hydrocracking of waxes. The total
cost of a GTL conversion plant is usually split in the following manner:

i. Syngas Production:  60% of total cost of conversion plant
ii. Syncrude Production: 25 - 30% of total cost

iii. Product upgrading: 10 — 15% of the total cost.




2.2 GTL TRANSPORTION HYDRAULICS

Pertinent energy equations were solved for both batch and commingled flow
modes. The solutions to these equations were presented for determining pressure
gradient and optimum slug length for batch operations. The Bernoulli equation of
pressure for the flow of fluids in pipes was used (Akwukwaegbu 2001). The
derived flow equations presented can be modified under specified operating
conditions or constraints of the Trans Alaska Pipeline System (TAPS). The
results of the sample calculation indicates that the pressure gradient obtained
from the batch flow calculations are higher than those obtained from that of
commingled flow. The reason being that for batch flow, the pressure gradient is
the ratio of the total pressure drop across the slug to the length of the slug,
whereas for commingled flow, it is the ratio of the total pressure drop to the
length of the pipe segment. Several assumptions were made to solve the
equations. Some of the assumptions include:
i. Incompressible fluid flow, steady state fully developed
ii. Constant slug length
iii. The bubble (void) between the slugs is occupied by air
iv. The liquid film has a constant thickness
v. Flow is isothermal with constant fluid properties
vi. There is some degree of mixing between trailing film edge and the head of

the slug.

RASMUSON LIBRARY

UNIVERSITY OF ALASKA-FAIRBANKS
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Transporting alternate slugs of refined of petroleum products from the refineries
to storage depots through pipeline systems has been a common practice in the US
and many parts of the world. However, transporting alternate slugs of these
refined products and crude oil is not common. Use of crude oil pipeline to
transport refined petroleum products can be successful and cost effective, based

on the experience of one Western Canadian pipeline company (Baum et al 1998).

The pipeline regularly transports crude oil and a wide range of products
including jet fuel, gasoline (unleaded and premium unleaded), diesel (regular
sulfur, low sulfur and low temperature), methyl tertiary butyl ether (MTBE), and
crude-oil (light sweet, light sour and heavy). Refined petroleum products move in
the pipeline consecutively. Each distinct product is referred to as a “batch™ and
when several products are placed together in the line, they are called a “batch-
train”. A typical refined products batch-train consists of a variety of products
for different shippers and can be up to 350 Km (220 miles) long. Crude oil is
transported between refined product batch-trains. As a batch train moves
through the pipeline, adjacent products commingle forming the “interface zone”.
The extent of commingling or the length of the interface is a function of velocity,
density difference between the two products, viscosity, pipe diameter and
distance traveled. Accurate interface detection and optimization of batch sizes
and configurations are important factors in reducing operating costs. Dynamic

modeling also proved useful in optimization and minimization of operating costs.
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Of the processes available to remove contaminants picked up by refined products
moving through a crude oil line, distillation is the most effective in lowering
sulfur content and removing color bodies. If a product has no color specification,
caustic treating is more economical than distillation. The pipeline travels
approximately 1,260 km and crosses the Rocky and coastal mountain ranges in

the arctic region of Western Canada.

The major cost driver for both the GTL and the LNG conversion projects is
the initial investment costs. If this variable is successfully lowered or even held
at the current assumed value, both projects show acceptable rate of return for the
reference crude oil price while providing the Units; Prudhoe Bay Unit (PBU) and
Point Thompson Unit (PTU) a reasonable price for their gas. Of even greater
significance to the GTL conversion project is plant efficiency. An increase in
efficiency not only increases the profit stream by increasing liquid product sales
volume, but the increased volume also decreases TAPS transportation cost for all
transported liquids, providing a higher ANS oil price without GTL Conversion.
(Thomas et al 1996). A target efficiency of 70 to 75% for advanced GTL
technology under development may prove out in time to be ready for rapid GTL
deployment envisioned and which would improve the GTL base economics. The
South African plant with plant conversion efficiency about 57% and the newer
shell plant design with 63% conversion efficiency are used as benchmark for the

assumed 60% efficiency. The recommendations include a site-specific
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economics of both the GTL and LNG options with regards to existing
infrastructure. This assumes that the GTL conversion plant will be built on the
North Slope and the LNG liquefaction plant is built south east of Alaska
following the construction of a gas pipeline, more precise and process cost
estimates for the GTL option should be developed because of the important
sensitivity of the capital cost to the option. A more complete assessment of the
effect of the TAPS tariffs, anticipated from the GTL product volumes, on future
ANS oil production from all existing fields and potential developments was
recommended. The several dollar per barrel reduction could be important in
determining how long selected ANS reservoirs might continue to produce, and
affect whether non-production reservoirs might be on line. A clear picture should
be developed for the cost penalties associated with capital construction and
facility operation in the arctic climate and remote locations of the ANS. The
potential benefits of each gas commercialization option on the various regions
and overall state of Alaska should be stressed in detail to aid decision-making.
Such examination might include: an analysis of the types and aggregate of
manufacturing and labor components for construction and operation of each gas
option and the resulting stimulation and local economic development, direct and
indirect local employment to be generated.

Evaluating both the Prudhoe Bay field model and the gas project model is
necessary to effectively evaluate the scenarios being considered and are tied

together by the natural gas transfer price. The transfer price is calculated with the
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use of the “net back” term. The “net back” refers to the net fraction of the gas

price sold by the gas project (GTL or LNG) that is returned “back” to the Unit

operators as payment for the gas. (Robertson et al 1999). The study evaluated the

following scenarios:

- No major gas sales scenario consists of continuing with current utilization of
the natural gas to maximize oil production. Under this scenario, oil

production continues until 2025.

The Natural Gas Pipeline project scenario takes natural gas from Prudhoe Bay
beginning in 2005 and reaches a rate of 2.0 Bcf/D in 2009.

- A fast-paced GTL Development scenario consists of constructing a 300,000
B/D GTL plant (2.5 Bef/D feed rate) on the ANS to match the timing and
volumes proposed in the LNG scenario.

- A slower-paced GTL Development scenario consists of a GTL plant
construction schedule designed to take advantage of the learning curve
associated with implementation of newer technologies. Located on the ANS,
the plant takes gas from Prudhoe Bay at a rate of 0.5 Bcf/D beginning in
2005.

- A 300,000 B/D GTL plant (fast-paced) is located in Valdez, AK. This

scenario assumes that the natural gas pipeline is built and a tariff is charged

to the gas passing through the pipeline. The assumed gas purchase rate is

equal to the LNG scenario. A lower capital-cost factor of 1.2 is applied at the
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Valdez location as opposed to the 1.5 capital cost factor associated with a

ANS location.

A deterministic evaluation of the economic viability of the scenarios outlined
above was accomplished in the study above by discounted cash flow analysis.
The results were presented by the net present value of the project. Of the
scenarios analyzed, only the slow paced GTL development scenario has a
positive incremental combined net present value using a discounted rate of 10%.
The gas sales revenues of the slow-paced ANS GTL plant are realized later in the
life of this scenario than in the fast-paced GTL scenarios and the LNG scenario,
which tends to decrease the net present value of the project. However, savings in
the capital costs associated with the “learning curve” that are incorporated into
this option outweighs the added discount in revenue caused by delaying gas
sales. The study also compared a fast paced GTL plant in southern Alaska
(Valdez) to the fast-paced GTL plant on the North Slope. Locating the plant in an
ice-free port could potentially become economically attractive compared to a
ANS location. This resulted in a reduction of the construction cost from 1.5 to
1.2 times the cost of gulf coast plant due to reduced shipping, labor and material
cost. The construction of a new $6 billion pipeline to transport the gas from the
slope would potentially add about $O.8/Mcf to the cost of the gas. Sensitivity
analysis was performed on several inputs to determine the economic value of

each scenario. The objective of the analysis was to determine which input
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parameters cause the greatest effect on project economics. This information is
vital in determining those parameters that offer the greatest potential for
increasing or decreasing the economic viability. These parameters require the
most attention and are natural targets for further research efforts. From the
results, the four most critical variables are the Gulf coast GTL plant cost, the
world oil price, the ANS cost factor and the GTL liquids per barrel premium. The
Monte Carlo simulation technique, which permits a “probabilistic analysis” of
project economics by applying probability distributions to the input as opposed to
deterministic results, was done. Applying a 90 percent confidence interval sets
the rate of return between 9.8 and 11.9 percent. The median value of 10.8 percent
indicates that half of the time, a rate of return calculation would return a value of
10.8 percent or greater. The standard deviation was 0.7 percent, which

demonstrates that the results are tightly centered on the average of 10.8 percent.

In their conclusion (Robertson st al 1999), the results indicate that only the
slow-paced GTL scenario yielded a rate of return greater than 10 percent. The
other scenarios did not show positive net present values under the economic
conditions selected for the simulations. Their rank, in order of net present value,
is as follows: slow-paced GTL development, no major-gas-sales, fast paced GTL
development, fast-paced GTL development in southern Alaska and finally a gas
pipeline/LNG project. The slow- paced GTL development would allow cost

savings on subsequent expansions. These assumed savings along with lowering
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of the transportation tariff combine to distinguish this option for marketing the

ANS gas from the other scenarios.

2.3 ISSUES WITH TRANSPORTING GTL THROUGH TAPS

Several operational issues need to be addressed when considering transporting

GTL through TAPS. Some of the issues identified include;

i, An accurate prediction of the optimal slug length for batching

ii.  Prediction of the interface length and timing of their arrival at the terminal
in case of batch operations to facilitate timely switching of the product train
into the appropriate storage or reception facility.

i, The interaction of GTL with chemicals such as corrosion inhibitors, drag
reducers which are currently used for crude oil transport through TAPS

iv. Impact of GTL batching on local refinery operations and vapor recovery
facilities.

v.  Determination of GTL gelling temperatures and a complete rheology of the
products with their implication on TAPS operations.

vi. Effect of solids precipitation (wax, asphaltenes etc) within the pipeline.

vii. The phase behavior of the GTL products and any vapor pressure concerns

viii. Ability of the facility to handle GTL transportation, which differs from the
original design specification of transporting crude between 24 and 32° APL

ix. Cost benefit analysis of transporting GTL through TAPS as opposed to

building a new pipeline.
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x.  Provision of storage and handling facilities in case of batch operations to
maintain product purity.
xi. Temperature effects on GTL and GTL-Crude mixtures.

xii. Application of new technology in transporting the products through TAPS

The economic implication of the issues identified above to come up with the
most cost-effective mode of transportation is the major focus of this study. The
recommendations are however subject to the technical feasibility considering TAPS

operations and environment.
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CHAPTER 3
GTL TRANSPORTAION OPTIONS AND CONSIDERATIONS

3.1 TRANSPORTATION MODES

In transporting GTL products through the Trans Alaskan Pipeline System, two
modes of transportation are evaluated in this study. The choice of the mode of
transportation to adopt depends on the expected purity of the shipped product and a
trade-off between loss in product value due to contamination and cost of keeping the

product pure at the terminal.

The first method considered involves blending the ANS crude oil and the GTL
products. This method is termed the commingled mode of transportation. The Second
method is to pump alternate slugs of the GTL products and crude oil through the
TAPS called the batch mode. Batching of the product could be achieved in three
different ways namely; the traditional batching technique called the “batch mode A” in
this study. This is used as a base case or do nothing case. The second method involves
batching with physical barriers such as pigs and some other spacers called “batch
mode B”, and a third technique which uses modern batching technology called “batch

mode C”.
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3.1.1 Commingled Mode

To discuss this mode of transportation, it is necessary to take a close look at the
physical properties of each of the products to be blended. Generally, the crude oil
blend from the ANS is a dark brown medium crude with an API gravity of about 32°,
viscosity of about 17cp at standard conditions with wax deposition tendencies at
standard condition of temperature and pressure. Samples of GTL products from pilot
plants show that they are essentially middle distillates found in a typical crude oil. The
GTL product has a viscosity of about 1.5¢p at standard conditions, typically diesel and
naphtha based product with API ranging from about 62° for 354°C distillate to 66° for
the 254°C distillate. The blending proportion of crude oil and GTL product on the
North Slope is assumed to be a matter of availability of each of the product at any
particular time rather than an intended ratio. However, with the commencement of the
GTL project, the ratio is expected to continue changing depending on the amount of
crude throughput available for blending assuming the GTL production remains
constant. From the operational perspective, blends such as 3:1 crude oil to GTL with a
resultant API of about 39.9°, 1:1 of crude oil and GTL with a resultant API of about

47° have been studied.
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The flexibility of using existing infrastructure to the fullest advantage with
minimal addition to capital cost for transportation is the most attractive aspect of this
mode of transportation. This includes the use of the present holding tanks at the ANS
and storage tanks at the Valdez Marine Terminal, elimination of extra piping to the
respective tanks at the Valdez Marine Terminal and minimal logistic concerns. At first
glance therefore, it would be intuitive to tag this method as the most cost-effective. In
the pump stations, pressure relief tanks are required for emergency operations. They
are expected to come in as temporary storage in case of any unforeseen valve or
process malfunction to reduce any pressure build up in the pipeline. The commingled
mode of transportation does not require this additional facility because the present
relief tanks system is capable of handling the crude — GTL blend together. The GTL
economic model analyzes the effect of these initial savings on the entire project

€conomics.




Table 3.1 Physical Properties of Pure GTL, Crude Oil and their blends

22

Sample | Density API

254GTL | 0.71645 66

302GTL | 0.7243 63.9

344GTL | 0.7302 62.3

Crude 0.86215 32.6

Sample Preparation #1

Sample GTL GTL Crude GTL | Crude | Total |Calculated| API
# Sample | Density | Density | Portion |Portion| Mass Density
1 254 Dist | 0.7165 | 0.8622 1 1 197.325| 0.7893 47.8
2 254 Dist | 0.7165 | 0.8622 1 3 206.431 | 0.8257 39.9
3 302 Dist | 0.7243 | 0.8622 1 1 198.306 | 0.7932 46.9
4 302 Dist | 0.7243 | 0.8622 1 3 206.922 | 0.8277 39.5
5 344 Dist | 0.7302 | 0.8622 1 1 199.044 | 0.7962 46.2
6 344 Dist | 0.7302 | 0.8622 1 3 207.291 | 0.8292 39.2
Sample Preparation #2

Sample GTL GTL Crude GTL | Crude | Total |Calculated| API
# Sample | Density | Density | Portion |Portion| Mass Density
1 254 Dist | 0.7165 | 0.8622 1 0 204.188 | 0.7165 66
2 254 Dist | 0.7165 | 0.8622 1 1 224.951 | 0.7893 47.8
3 254 Dist | 0.7165 | 0.8622 1 3 235.332 | 0.8257 39.9
4 302 Dist | 0.7243 | 0.8622 1 0 206.426 | 0.7243 63.9
5 302 Dist | 0.7243 | 0.8622 1 1 226.069 | 0.7932 46.9
6 302 Dist | 0.7243 | 0.8622 1 3 235.891 | 0.8277 39.5
7 344 Dist | 0.7302 | 0.8622 1 0 208.107 | 0.7302 62.3
8 344 Dist | 0.7302 | 0.8622 1 1 226.91 0.7962 46.2
9 344 Dist | 0.7302 | 0.8622 1 3 236.311 | 0.8292 39.2
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Results of viscosity measurements carried out at atmospheric pressure and at
different temperatures from 20°C (68°F) to 60°C (140°F) are available. The viscosity
measurement at any temperature is carried out by noting the lowest shear rate, which
will give more than 10% torque reading, then the shear rates are successively
increased until the viscosity reading stabilizes and then decreased in the same manner.
After the last reading, the motor is turned off for at least 5 minutes followed by
viscosity determination at the

lowest speed (Hariharan, 2000). The results are tabulated below;

Table 3.2 Viscosity (cp) Results at Atmospheric Pressure (Hariharan 2001)

Temp | Temp 100% Crude:GTL | Crude:GTL | Crude: 100%
°C °F Crude Oil 3:1 1:1 GTL 1:3 | GTL
20 68 17.3 6.8 4.1 23 1.3
30 86 10.8 5.3 3 1.9 1.1
40 104 7.7 43 2.3 1.6 0.96
50 122 6.4 3.7 1.9 1.4 0.81
60 140 5.5 3.4 1.7 1.3 0.68
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3.1.2 Batch Mode
In the batch mode of transportation, the GTL products could be batched in three
different ways:
1. Uncontrolled batching of Products termed batch mode ‘A’
il. Controlled batching using pigs and spacers termed as batch mode ‘B’.

iii. Controlled batching using modern batching techniques termed batch mode “C’.

Currently, there are two storage tanks located at Prudhoe Bay with a working
volume of approximately 300,000 barrels. However, this volume is not for batching
GTL. If GTL is to be batched next to crude oil, then while GTL is being transported
through TAPS, the crude oil must be stored. Conversely, while crude oil is
transported through TAPS, GTL must be stored. A necessary requirement for batch
operations on the North Slope is availability of storage space to store one product
while the other is being transported through the pipeline. For optimum efficiency of
operations, up to one day’s production of both the crude oil and GTL may be required
on the North Slope for storage and flexibility of operations. This puts the storage or
holding requirements on the Slope to approximately 300,000 to 400,000 barrels of
GTL while crude oil is transported through TAPS and when GTL is transported
through TAPS, approximately 700,000 barrels of crude oil will need temporary
storage until conveyance. This requirement is necessary for all the types of batching

as described in this work (i.e. batch modes A, B, and C).
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3.1.2.1 Batch Mode ‘A’

The batch mode A or the ‘as-is” batching is considered the easiest of the batch
modes of transportation. This mode of transportation requires minimal additions to
capital and labor costs. Typically, any batch operation requires that there are separate
tanks for the GTL at ANS and Valdez marine terminal and clean tankers. Basically,
the physics of the flowing liquid products (Crude Oil and GTL) controls the behavior
of the products while in the pipeline. This uncontrolled batching technique results in
the creation of an interface zone in between the two phases (Crude Oil and GTL
mixture). The length of this interface is a function of the viscosity, velocity and
density difference between the two products, pipeline diameter and distance. Loss of
product value due to contamination of the GTL products is at it’s maximum in this
mode when compared to other batching techniques. However, this is the common
practice for refined products batching in the US. The interface generally gets

downgraded to crude oil.

T.m
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Figure 3.5: Typical Batch
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Equations have been derived for calculating the minimum slug length, which can
be translated to volumes for effective batching and minimal contamination for large
diameter pipes. However, from the economic viewpoint, it is pointed out that as slug
length increases, segregated tank requirements also increase. Further discussion on
these is included in Chapter 4. In the Batch Mode operations, it is assumed that a
special berth will be dedicated to GTL products at the Valdez Marine Terminal and
special tankers will be used to carry only GTL products. This ensures that further
secondary contamination does not take place beyond the Trans Alaska Pipeline
System. This method of transportation is very similar to mode ‘C’ with the major
difference coming from the employment of available technologies in the later to
enhance purity of the transported products before, during and after transportation. The
economics of this mode therefore forms a base case for the modern batching

technique.

3.1.2.2 Batch Mode ‘B’

In this method, pipeline pigs are used to achieve the objective of phase or slug
separation. It is expected that these pigs will effectively prevent mixing of the
alternate slugs of GTL products and crude oil. This method requires the entire basic
infrastructure that is used in the base case batch mode plus some additional capital.
The GTL products will be stored in separate tanks both at the ANS and in Valdez
Marine Terminal. Transporting the products through the TAPS would not be left to

fluid dynamics to govern their movement in the pipeline since the pigs would keep the
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oil and GTL separate. The number of slugs expected to be in the pipeline at any time
would determine the number of pigs required. Intelligent pigs with sensors attached to
them are commonly available with capabilities of detecting product movement.
Detecting product movement can minimize the time needed to divert flow from crude

oil storage tanks to GTL storage tanks.

A major operational challenge is that pigs need to be diverted at every pump
station along the TAPS where flow is diverted accordingly for the fluid to pass
through the pumps. Additional labor is required at each pump station to carry out this

task on a continuous basis.

Most operators are of the view that the use of pigs to batch these products would
reduce or completely prevent the mixing of the products. Some other operators
believe that batching with pigs would not reduce the mixing but rather increase the
mixing due to increased turbulence (Baum et al, 1998). This is currently under further
study. In this study, the assumption is that the pigs would help maintain product
purity. Possibilities exist for improvement in pigging technology. For instance, it is
possible to attach sensors to the pigs that would enable automatic diversion of flow at
the pump stations. The opening and closing of valves can be fully automated at the
pump stations with good instrumentation an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>