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CHAPTER I
INTRODUCTION

Ever since that first oil well was drilled nearly 110 years ago,
the oll industry has been in constant state of change. Spectacular
changes and sweeping successes were achieved in the fields of oil
exploration, drilling and refining. As population and standards of
living grew up all over the world, markets for oil products expanded
steadily and transportation of crude oil from oil fields to refineries
and finished products from refineries to customers became a problem of
concern and received a great attention. Tank trucks, rall cars, barges, ocean
tankers and pipelines were put to use. With the advancement of tech-
nology, capacities of these modes of transport were improved and re-
duction in initial investment and operating cost per ton-mile resulted.
Also recent development of Operations Research techniques and methods of
Management Sciences have enabled the oil industry to reduce operating
costs substantially in all phases of refinery management. As an
example, linear programming formulations are widely used in the selection
‘and blending of crude stocks to be refined to meet product‘demands within
crude availability and equipment throughput restrictions. Numerous
scheduling techniques have also been applied profitably for routing of
tank trucks and preparation of time tables for.ocean tankers.

This research focusses attention on one mode of o0il transportation,
namely, pipelines, In the year 1900 there were some 6800 miles of inter-

state pipelines in U.S.A., used exclusively for transportation of crude



oil [2]. Even at that time, pipelines were of major importance to
American petroleum industry, but to the general public the presense

of these wvital underground arteries of oil transportation was for the
most part, unknown., Between the years 1915 and 1931, the American

0il industry took on many of its present day characteristics in terms

of organization and structures. New and vast crude supplies were dis-
covered and refineries switched to integrated form of operations. Auto-
mobile age began and there was an upward surge of demand for all
petroleum products. Construction rate of pipelines in the U.S5.A, trip-
pled in this period {2] and many oil companies began to use pipelines
for transporting their finished products to markets. These pipelines
were later came to be known as product pipelines. The integrated re-
finerles operated on continuous basis as such an operation proved to be
of substantial economic advantage. Continuous operation stressed the need
for continuous inflow of crude and outflow of refined products and this
gave added impetus to the growth of pipeline systems.

End of World War II saw unforseen growth in the demand of petroleum
products in this country and many new pipeline companies, some unaffili-
ated to any refinery, began to emerge. These pipeline companies served
either a group of refineries or gas plants, A gas plant essentially per-
forms the functions of a refinery, but is much smaller than a refinery
both in size and scope. The pipeline companies were responsible for
many great innovations in the construction and operation of pipelines.
By 1950, throughput of a pipeline was largely increased by increasing

its diameters to 20"-24". Product pipelines were also used as wet-lines



which meant that they carried gaseous as well as liquid products. Multi-
product pipelines became common and these carried a variety of products
such as kerosene gasoline and liquid petroleum gas at the same time.

The resulting problems of identification of products and directing them
to proper storage tanks were solved by the use of radio active tracers
[2].

The diversity in the use of a pipeline naturally leads to complexity
in its operations. Corrosion, prevention of leaks and safety in oper-
ation are still major problems. The effect of pipelines, especially
those which are above ground and operate at a higher temperature than
their surroundings, on environment is a subject of considerable research.
Though the problem of identification of products in a multi-product pipe-
line is solved, the problem of scheduling these products through the
pipeline such that degradation of products due to intermixing is minimized,
has received little attention. This research is directed towards finding
a solution for such a problem posed by a major pipeline company in the

U.S.A.

1.1 Definition of the Problem

In the pipeline system under conmsideration there are nine pump
stations. Each of these pump stations is connected to a gas plant. At
each pump station, there are storage tanks, equal in number to the number
of products manufactured by its gas plant. Each tank can store only
one type of product and has a safe maximum and safe minimum level. The
pump at each pump station has a fixed pumping capacity. Figure 1.1

gives the schematic representation of the complete pipeline system.
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All the products pumped through the pipeline by the pump stations are
delivered at one delivery point. There is no restriction on the
quantity or the type of product to be pumpedrto the delivery point.
Each gas plant produces its products at constant rateg during a fixed
and known length of time. Table 1.1 gives typical production rates of
the gas plants.
In a sequence of pumping of products from the pump stations, only
one pump can be kept running at a time. When a pump is running all
the products in the downstream of the pump station are moved forward
while the products in the upstream side will remain still. For example,
if a pump at station 3 is running, all the products in the pipeline
between stations 3 and 9 are pushed forward, while the products between
stations 1 and 3 remain still.
The various assumptions in regard to operation of the pipeline can
be summarized as follows:
1. Each storage tank has a safe top level and a safe bottom
level,
2. Only one type of product can be stored in each storage tank.
3. During a given length of time, each gas plant produces a
given set of products at constant rates. The plants can
not be shut down and the rate of preduction can not be
varied in order to facilitate a desired sequence of pumping.
4. Only one pump is kept running at any time. While one pump

is running, all the other pumps are shut down.
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5. At the end of the pipeline, there is no limit on the amount of
any product to be delivered at any time.

6. In the sequence of flow of different products in the pipeline,
Propane-Butane Casinghead Gas (PB) must always be followed
and preceded by Propane (K).

8. The variations in the pipeline capacity between station to
station, due to compressibility of products and pipeline
friction,are negligible.

9. The same product produced by various gas plants has similar
specifications.

In any sequence of pumping, different products are discharged into
the pipeline and therefore there will always be a series of different
products present in it. The type of products and exact location of each
product change from time to time. When two products of different types
flow one behind other in the pipeline, there will be intermixing of the
two products, resulting in degradation of higher grade product between
the two products. The degraded product and its volume are known as
interface and interface volume, respectively, The exact amount of inter-

face volume depends upon the types of products involved at the interface.

1.2 Types of Interface Losses

Consider the interface of products K and FB. FB is a higher grade
product than K. When the two of them are mixed, the mixture is sold
at the sale price of K. The interface volume created when FB flows
behind K is the same as that when K flows behind FB. To illustrate,
if the sale price of FB and K are $3.50 and 3.00 per bbl (barrel) re-

spectively, and if the volume of interface is 200 bbls composed of



407 K and 60% FB, the loss due to interface is equal to

(0.60x200) (3.50-3.00) = $60.00. It should be pointed out that it is
not known how much degradation occurs for all products that could be
involved in an interface.

While it is true that an interface is created by two products of
different types flowing one behind the other, the primary cause of an
interface is discharging into the pipeline, a product which is different
in type to that already present, in front of the pump station. The
number of products, number of interfaces, and their volumes in the
pipeline immediately after a pumping depend entirely upon the exact
status of the pipeline in front of the pump station, preceding each
pumping. Therefore, a count of total interfaces created during a se-
quence of pumping can easily be kept if the exact status of the pipe-
line in front of a pump station just before a product is pumped from
it, is known.

The term 'types of interface' refers to the status of the pipeline
in front of a pump station just before a product is pumped from the
station and to the interfaces created as a result of pumping. The
term 'one interface' refers to the normal volume of interface created
when any two products of different types flow one behind the other in
the pipeline. 'l/2 interface' therefore, refers to half the normal
volume of interface. The various types of interfaces created in the

pipeline system and the conditions under which they are created are as

follows.



Interface Type 0. This type of interface is created when product,

say X is pumped from pump station 1. The same type of interface is

created when product X is pumped from any intermediate station provided
at least 200 bbls of product X is present on either side of the station.
Figures 1.2a and 1.2b represent this situation. The number of additional

interfaces created in these conditions is zero.

Interface Type 1. This type of interface is created when product,

say Y is pumped from any intermediate pump station. The number of in-

terfaces created in this condition is two, see Figure 1.3.

Interface Type 2. At any intermediate pump station, if product,

say Y is pumped either immediately after product X, or before any product
from an upstream station is pumped, type 2 interface is created. The
number of additional interfaces created is one, see Figure l.4a and

1.4b.

Interface Type 3. This type of interface iIs created when product,

say X is pumped into a previously formed interface rather than a

product. The product on the upstream side of the interface, in

this case is X. The number of additional interfaces created is half,

see Figure 1l.5a.

Interface Type 4. If product, say Y is pumped from any station

into an interface, new type of interface is created. The produrt on the
downstream side of the interface in this case is Y and the number of

additional interfaces created is half, see Figure 1.5b.



Product X Product Y Product Z
Product X
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Fig, 1.2a.
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Fig. 1.2b,

Fig. 1.2. Details of gype 0 Interface
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Product X Product 2

A

Product Y

Any intermediate pump station

Fig. 1.3.

Details of Type 1 Interface
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Product W Product 2 Product V

Product X

Any intermediate pump station

Fig. 1.4a, Before pumping product X.

Product W Product 2 Product X Product 2

Product Y

Any intermediate pump station

Fig. 1.4b. After pumping product X but before pumping product Y.

Fig. 1.4. Details of Type 2 Interface
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Product X

Product Y

Product X

Any intermediate pump station

Fig. 1.5a. Details of type 3 interface.

Product X

Product Y

Product Y

Any intermediate pump station

Fig. 1,5b. Details of type 4 interface

Product X

Product Y

Product Z

Any intermediate pump station

Fig. 1.5¢. Details of type 5 interface.

Fig. 1.5. Details of Type 3, %, and 5 Interfaces
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Interface Type 5. This type of interface is created when product,

say Z is pumped into an interface. The product pumped is neither the
upstream nor the downstream product of the interface. The number of

additional interfaces created is two, see Figure 1.5c.

Interface Type 6. This type of interface will be created only at

pump station 1, when product, say X is pumped. The number of additional
interfaces created is one. Figure 1.6 shows that this type of interface is dif-
ferent from Type 1 because under Type 1 conditlons two additional inter-

faces are created.

Interface Type 7. This type of interface is created when product,

say X is pumped from any intermediate staticon, if the volume of product
X in the pipeline, on either downstream or upstream side of the station
is less than 200 bbls. The number of additiomal interfaces created is
two. This condition, however, does not apply to pump station 1, see
Figure 1.7.

In discussing interfaces so far, only the number of interfaces
created for each type has been considered. However, it is easier and
more meaningful to discuss interfaces in terms of volumes rather than
numbers. It is known, with a fair degree of accuracy, that when product
K follows product PB in the pipeline, the volume of interface created
is 200 bbls. It will be reasonable, therefore, to assume that when any
two different products flow one behind other in the pipeline the volume
of interface created is 200 bbls.

The various types of interfaces, and conditions under which they

are created are summarized in Table 1.2.
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Product Y Product X Product Z
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Product X

Any intermediate pump station

{d < 200 bbls)

Fig. 1.7. Details of Type 7 Interface -
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Table 1.2 Summarized Details of Types of Interfaces

Type of No. of Description
interface interfaces
created
Type 0 0 The product pumped from a pump statiom is the

same as the product present in the pipeline,
in front of the station.

Type 1 2 The product pumped from a pump station is not
the same as the product present in the pipe-
line, in front of the station. This type of
interface will never be created at pump
station No. 1.

Type 2 1 A product is pumped into an interface; the
interface was created by some other product,
pumped from the same station.

Type 3 1/2 A product pumped iInto an interface is the
same as the product present on the upstream
side of the interface.

Type 4 1/2 A product pumped into an interface is the
same as the product present on the down
stream side of the interface.

Type 5 2 A product pumped into an interface is not
the same as both the upstream and down-
stream products of the interface.

Type 6 1 The product pumped is not the same as the
product present in the pipeline in front of
the pump station. This type of interface
can be created only at pump station No. 1.

Type 7 2 The product pumped is the same as the
product present in the pipeline, in front
of the station. But the volume of the
product in the pipeline, is less than
200 bbls on either the downstream or up-
stream side of the station.
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1.3 Scheduling of the Pipeline

As mentioned earlier, the production rates at the gas plants remain
constant at given levels for a known and fixed length of time. For con-
venience, this length of time will be referred to as a production period.
A schedule is simply a sequence of pumpings during a production period.
The pipeline is said to be idle when no product is pumped through it.

A schedule can either be stationary or non-stationary. A.stationéry
schedule is one in which pumpings follow one another without any idle
periods in between the pumpings. Schedule period in this case is de-
fined as the sum of pumping times. A non-stationary schedule, however,
can have idle periods in between the pumpings and schedule period in
this case, is defined as the sum of total pumping times and total idle
times. There is no strict restriction on the number of pumpings and
individual pumping times during a schedule period. However, in order to
reduce the transient impulses of current due to frequent startings of the
pumps and to maintain the stability of the electrical system, a pump is
kept running for at least 15 minutes. A feasible schedule is defined
as the schedule which maintains the levels of products in all tanks in
between the safe maximum and safe minimum, at all times.

The optimal schedule is one which minimizes the total interface loss
in the pipeline.

The Scheduling and Dispatching Division of the Pipeline Company
currently uses a computer program which tabulates a schedule in detail.
The information about production rates at the gas plants and the initial

inventory in storage tanks are fed in as input data to the program. In
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addition, the scheduler provides a predetermined sequence of products

to be pumped as input data. The program then calculates the batch sizes,
updates the status of pipeline, and indicates the infeasibilities, if any
(that is, the level of any product in its tank goiﬁg above or below safe
levels). If any infeasibilities occur, the sequence of products to be
pumped and their batch sizes are adjusted by hand in order to make the
schedule feasible. The predetermined sequence supplied as input to the
computer program is prepared by an experienced scheduler, using his
judgement and hand calculations. The scheduler attempts to minimize the
interface losses in the predetermined sequence based on his knowledge
and experience. However, it is not known whether the schedules prepared
by this procedure are the best schedules or not, from the view point of
minimizing interface losses.

In general, two schedules are prepared each week. The first schedule
might start on Monday at 6:00 am. and end on Wednesday at midunight, lasting
approximately 66 hours, The second schedule might start on Thursday at
6:00 am and end on Saturday at midnight, lasting approximately 66 hours.
These schedule periods vary from week to week., The pipeline is idle
during the intermediate periods, while the plants continue their pro-
duction. A typical schedule is shown in Table 1.3. The schedule starts
with pumping of 700 bbls of FB from station 3. A batch of 3500 bbls of
NB is then pumped from station 2. After its completion, another batch
of 1380 bbls of IB is pumped from station 2 and so on. The last batch

in the schedule is 1855 bbls of K pumped from station 7.



Table 1.3. A Typical Schedule Prepared by the Pipeline Company

Pumping Product Station Volume
No. Code No. Pumped
bbls
1 FB 3 700
2 NB 2 3500
3 1B z 1380
4 K 2 6125
5 K 1 900
6 FB 5 1330
7 K 3 1660
8 NG 5 1310
9 K 5 2170
10 K 1 3500
11 FB 7 1070
12 PB 6 1100
13 FB 8 1050
14 K 1 1900
15 NG 7 875
16 K 8 1290
17 K 1 600

18 K 7 1855
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For the purpose of analysis, data of 7 consecutive production periods,
lasting for approximately 504 hours, were obtained from the pipeline
company. The data also includes the details of the schedules during

these periods.

1.4 Proposed Research.

As stated previously, the interfaces created in the pipeline
represent a loss of revenue to the gas plants in the pipeline system.
The loss can be minimized, if the average ratio of interface volume
created to the total volume of products pumped is minimized. The ob-
jective of this research is, therefore, to (1) develop an algorithm
capable of generating schedules which would minimize the ratio, and
(2) test the proposed algorithm by means of a simulation program. In
order to compare the ratio obtained from the proposed algorithm, it would
also be necessary to obtain the similar ratio from the sample schedules

furnished by the pipeline company, by means of a computer program.



CHAPTER 11
CURRENT SCHEDULING PROCEDURE

Before a description of pipeline company's schedules is given and
an analysis made, it will be of interest to discuss briefly the way
in which the scheduler gathers information in order to prepare his
schedules.

The scheduler's office is located away from the pump stations and
he communicates with them by means of a telephone. Adequate facilities
are available at the pump stations to measure the levels of products
in storagé tanks and the rate of input to each of them. At a pre-
determined time the scheduler calls each station in turn and collects
information on level of products in storage tanks and rate of input to
them. If a maintenance job is planned to be done either at any of the
pump statlons or at any part of the pipeline itself during the planned
schedule period, he obtains the starting and finishing times of such a
job. This, along with the tank status data and a pumping sequence aimed
at minimizing interface loss, form the input data to the computer pro-
gram. Approximately three hours after collecting the data the scheduler
calls the pump stations again and gives them instructions about the time
at which a particular product should be pumped and the duration of
pumping. He also contacts the delivery point and tells them the time
at which each product or interface will reach them. At the time a new
product or an interface is known to arrive at the delivery point, samples

are drawn from the pipeline and checked for the type of product. If it



23

is a new product, then it is diverted to appropriate storage facility
or another pipeline. When a new interface arrives, regardless of its
constituent products, it is directed to one storage tank.

Table 2.1 gives the details on volumes in storage tanks and pro-
duction rates per day, prevalling at the beginning of seven consecutive
production periods. The schedules prepared are given in Table 2.2
through 2.8. In the previous chapter, it was mentioned that the pro-
duction rates at all gas plants remain constant at known levels from
the beginning to the end of a production period. However, this is not
true in the case of gas plants No. 1, 4, and 9. A careful examination
of the tank status data reveals that at the beginning of the second pro-
duction period, the volume of product K in tank 1 iIn station 4 is 7,400
bbls, which is well above the safe minimum level of 3,400 bbls, implying
that this product was produced during the first production period. But
the first production period data shows the production rate of this pro-
duct as 0. This product was of course made during the first production
period but the data does not reflect this fact because the production
started sometime during the schedule period and the scheduler was un-
aware of it as he obtains information only at the beginning of a pro-
duction period.

The production period itself does not form a part of the data be-
cause the schedules prepared are stationary with schedule period gen-
erally much less than the production pericd. It is quite possible that the
level of products in storage tanks updated with previous period production

rates, will differ from actual levels at the beginning of the succeding
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schedule., This probable discrepency is, however, made good when the
levels in the tanks are initialized in the computer program on the basis
of the actual levels.

In order to determine the average volume of interface created per
barrel of products pumped, the pipeline crmpany's schedules were analyzed
by means of a computer program, written in Fortran IV. The program
actually simulates the pumping of products into the pipeline and the re-
sulting movements of products. The simulation is of next event type where the
logic of simulation moves from event to event and the measure of perfor-
mance of the system is taken after the completion of each event. The
events, in this case, are pumpings and the measure of performance is the
type of interface created. As the sequence of pumpings is already known,
the main program does not have any logic segment which would make the de-
cision as to which product to pump. The general flow chart of the computer
program is given in Figure 2.1.

The main progrhm reads in the pumping details, namely the station
number, product code and volume pumped. It then scans the status of
the pipeline and identifies the product type or constifuent products
of an interface present in front of the station from which a product is
to be pumped. Consequently, it calls an appropriate subroutine which
updates the status of the pipeline.

There are 5 different subroutines, namely, PSTATO, PSTAT1, PSTAT3,

PSTAT4 and PSTATS, used for updating the status of the pipeline. The



Main program

l
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|

[

|

ubroutine Subroutine Subroutine Subroutine Subroutine
PSTATO PSTAT1 PSTAT3 PSTATS PSTATS
Interface
counter
Print statements
Fig. 2.1. General details of the program used for analyzing

pipeline company's schedules.
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structure of each subroutine is based on the type of interface created
when pumping takes place. Although 8 different types of interfaces
were identified in Chapter I, there are only 5 subroutines because,
interfaces type 2 and 6 are merely sub-classes of type 1, and type 7
is a sub-class of type 0 interface. The procedure for updating the
status of the pipeline in the case of the sub-classes is essentially
the same as that of the main types of interfaces.

In each of these subroutines, a product in the pipeline is completely
identified by a three dimensional vector, IP(I,J,K), where I,J and K
represent pumping number, product sequence number, and an attribute of
the product, respectively. The pumping number is found necessary in
the identification of a product because, the exact location of some
products, if not all products, will change after each pumping. The sub-
script K takes the values 1 through 6, each representing one particular

attribute of the product. After the I-th pumping, the six attributes

are:
1p(1,J,1) code of the J-th product
IP{1,J,2) starting co—-ordinate of the J-th product
1p(1,J,3) ending co-ordinate of the J-th product
IP(I,J,4) code of the (J-1)-th product; IP(I,J-1,1)

is the same as IP(I,J,4)

IP(1,J,5) code of the (J+1)-th product; IP(I,J+1,1)
is the same as IP(I,J,5)

IP(1,J,6) volume of the J-th product
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Although strictly speaking, the type codes of the (J-1)-th product
and (J+l)-th product are not attributes of the Jth product, they were
assumed to be so because such an assumption simplifys the updating pro-
cedure and in addition, serves the purpose of double checking the up-
dated pipeline status. The print out of the pipeline status, however,
is more meaningful if the variable NPARM in the main program has the
value 1. The print out gives the sequence number, type code, beginning
co-ordinate,end co-ordinate, and volume of each product. But if the
value of NPARM is equal to 0 the pipeline status is printed out in a
vector form.

The main program has the control after the pipeline status is up-
dated. The interface counter incorporated, keeps a count of interfaces
created. The schedule details are then printed out in tabular form if
the value of NPARM is equal to 1. TIf NPARM is equal to 0, pumping de-
tails are printed out after each pumping. The value of wvariable JPARM
is then checked; if it is equal tc 0, then the pipeline status is
printed out in vector form after every 5 pumpings and if it is equal to
1 pipeline status is printed out after each pumping in a vector form. At
the end of a schedule, a summary of schedule details, which includes
the total interface volume created, total volume pumped and the ratio
of interface volume created per barrel of product pumped, is printed
out,

Table 2.9 displays the summarized details of pipeline company's
schedules. Appendices A, B and C give the list of variables used in

the program, the flow charts, and the program itself, respectively.
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In the seven production periods the total volume of products pumped
is 218,999 bbls. The total volume of interface created is 18,200 bbls.
There were totally 117 pumpings. The ratic of interface volume to total
volume ranges from 5.49% to 16.13% with an average of 8.30%. All the
schedules are stationary, there is only ome schedule for each production

period, and the average number of pumpings per day is 5.57.
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CHAPTER III

DEVELOPMENT OF A PIPELINE SCHEDULING ALGORITHM

In this chapter, a critical evaluation of the pipeline system is
presented, with a view to formulate the basic scheduling rules to be
embodied in the proposed algorithm. General, but sufficient details of
the algorithm are then given and its application is demonstrated by
generating a sample schedule. Finally, the step by step computational
procedure of the algorithm is presented in a formal manner. As it can
not be claimed that the algorithm can cope with a wide variety of pro-
duction conditions at gas plants by generating only one schedule, it
was further tested by incorporating it in a computer program, which
simulated the production conditions and pumpings for six consecutive
periods. The computational procedure and results will be discussed in

Chapter IV.

3.1 Basic Concepts

The basic objectives of the proposed pipeline scheduling algorithm
are: (1) to systematize the procedure for selecting the products to be
pumped, and (2) to minimize the volume of interface created per barrel
of products pumped. In the existing method of scheduling, the pumping
sequence worked out by the scheduler, involves a great deal of hand
calculations and a good amount of judgement based on his experience.

If the computer program used to test the feasibility of this sequence

reports an infeasibility, a new sequence has to be tried. Sometimes
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this process may be repeated a few times until a feasible schedule is
obtalned. Moreover, the computer program has no provisions to identify
and keep a count of interfaces and consequently, the measure of per-
formance, which is the ratio of total interface volume created to the
total volume of products pumped, is never evaluated. Therefore, it is
obvious that a systematized procedure, capable of generating schedules
based on certain dispatching rules, and evaluating the measure of per-
formance of generated schedules, is of great importance to the pipeline
company. The interfaces, as stated earlier, represent a loss of revenue,
and, therefore, their total volume should be as small as possible. In
addition, a schedule which creates a small number of interfaces leads
to having large volumes of each product in the pipeline at any time

and this reduces the number of times tests have to be conducted by the
personnel at the delivery point, to identify each product and interface
before being diverted to suitable storage locations.

An examination of Figure 1.1 shows that the product K is produced
at all gas plants except at the plants attached to pump stations 6 and
9. Table 2.2 through 2.8 show that this product is preoduced most often
at all plants and at relatively higher rates than other products. These
facts lead to a conclusion that it may never be necessary to pump this
product inte any other product and create additional interfaces. How-
ever, products IB, ¥B, NG, and PB at stations 2, 3, 5, and 6, respectively,
will create interfaces of type 1 with 400 bbls of degraded product when-
ever they are pumped, because of the fact that there are no plants, up-~

stream to these plants, which produce the same products. Naturally, the
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more often these products are pumped in a given period of time, the more
will be the volume of interfaces created. However, if these products
are pumped only when their volumes reach their safe maximum volumes

in their tanks, few interfaces will be created during the same period
of time.

All the other products in the system can be pumped, at least
theoretically, into similar products without the risk of creating
interfaces. However, a careful analysis of disposition of pump station
7 on the pipeline would reveal that it would very rarely be possible
to pump products FB and NG at these stations into similar products. The
FB storage tank in this station has a small net capacity of 1400 bbls
and in relation to its capacity, it has a fairly high average input
rate. It is, therefore, very likely that this product will reach its
safe maximum level much earlier than a similar product pumped from
station 5, could reach the discharge point of station 7 in the pipeline.
Similarly, it would hardly be possible to pump product NG at this station
into a similar product pumped from station 5.

Now consider the pump station 2 which has storage tanks for three dif-
ferent products. It can be safely assumed that product K, can always
be scheduled such that it is pumped into a similar product, especially
due to the fact that the product NB at station 1 is not produced during
all the six production periods under consideration. However, product
IB at this station, as mentioned earlier, can never be pumped into a
similar product and therefore, it should always be pumped when its

valume in the tank reaches the safe maximum wvolume. Product NB at
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this station should also be pumped under overflow condition (for con-
venience, if the volume of a product in its tank reaches safe maximum
volume, the product is said to be under overflow condition). However,
if we recall the various types of interfaces that can be created, the
type 2 interface with only 200 bbls of degraded product is formed when-
ever a product is pumped immediately behind some other products from
the same station which created a type 1 interface. Therefore, if
product NB is pumped, regardless of its volume in the tank, immediately
behind IB, it will create only 200 bbls of degraded product each time
instead of 400 bbls. This means that, when either of these two products
is pumped under overflow condition, the other product should be given
priority for the next pumping.

Similarly, stations 5, 7, and8 also store three different products,
namely K, FB, and NG. It should be possible to schedule the product K
always without causing additional interfaces, but the same argument
can not be applied to products FB and NG. Therefore, these products
should be pumped into similar products 1if possible, and if either one
of them is pumped under overflow condition the other product from the
same station should be given priority for the next pumping.

The procedure for giving priority to some products, discussed so
far, can be generalized and expressed mathematically as follows: If a
product i, in tank j, at station k is puﬁped under overflow condition
during the n-th pumping as indicated by a pumping condition index, S?jk
being equal to 1, the other product (excluding product k) at the same

station is given priority to the n+l-th pumping by setting a priority
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; + ;
index , a” - equal to 1, where i # 1.

ijk

The product PB, stored only at station 6, requires special attention
because, when it flows through the pipeline, it should always be followed
and preceded by product K. As this product can never be pumped into a
similar product, the imposed restriction can be satisfied only by pumping
it into product K. But if it is pumped whenever product K approaches
station 6, too many interfaces will be created; on the other hand, if it
is pumped only when it is about to overflow, there may not be product K
in the pipeline at that time. Therefore, it becomes necessary to determine
an optimum volume of product PB, such that when this volume is pumped,
the resulting frequency of pumping is low and the imposed condition
is always satisfied. As there is no way to estimate the optimum volume
mathematically, a trial simulation program was run with various possible
optimum volumes. It was found that there is no unique optimum volume,
and that during the time the volume of PB in its tank exceeds 90% and
reaches 100% of the maximum safe volume, it is possible to pump it,
satisfying the imposed restriction.

The proposed algorithm is event-oriented, where an event is either
pumping a product or the pipeline remaining idle for a known length of
time. It considers the entire production period to generate a feasible
schedule, The time, t is first dnitialized as 0 and then incremented
after each pumping or idle period. Each product is represented by three
indices; 1,j and k, where i is the type code of the product, j is the
tank number,and k is the station number at which the tank is situated.

At any time t, the overflow time of each product, 'I‘i is compared

ik
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with t itself, and if any T is equal to t, an overflow condition exists

iik
and it is necessary to pump that particular product immediately.

The duration of pumping, T?jk’ is then calculated such that

n —_—

where Pi' are the present and minimum safe volumes of the product

1k and Li’

jk
under overflow conditionyand Hljk(t) is the rate of reduction of the

volume of this product in its tank when the pumping takes place.

Hijk(t)ls calculated such that

where G and Fi' are the pumping rate and input rate of product under

ijk jk
consideration. Note that while calculating the pumping duration, 5 bbls.

of ‘the product is always left above the safe minimum volume. The next

earliest overflow time, T#* is then compared with the sum of present time

n

and pumping duration, t + Tijk'

If T* is less than t + T?jk’ some pro-
duct will reach overiflow condition, if the already selected product is

pumped for the entire calculated pumping duration. T?jk should therefore,

be modified such that

n
= x -
Tijk T t.

If no product is at overflow condition at time t, the earliest overflow
time T* will be greater than t. The priority indices of all products,

u?jk are then checked. A product having u?jk = 1 is selected, and the

duration of pumping is calculated in a way similar to that described
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for a product at overflow condition. If no product has priority, the
status of the pipeline in front of station 6 and the volume of product
PB in its tank at this station are checked. Product PB is selected
for pumping if; (1) P416 > 0.9 U416’ where U416 is the maximum safe
volume of product PB; and (2) there is product K in the pipeline in
front of station 6. If both conditions are not satisfied, product PB
is not considered as a candidate product for pumping. The entire pipe-
line status is then checked to identify those products, at the pump
stations, which if pumped would not create additional interfaces. The
volumes of the products which are available for pumping, are designated
as-vijk(t) and computed such that

G = By led = By
The product which has the maximum available volume is then selected for
pumping.

All the pumping times calculated, except those calculated for pro-
ducts under overflow condition, are compared with minimum allowable
pumping time, t. If qur is less than T, the product selected is not
pumped. It is necessary to wait till the product level builds up to
sufficient level and, therefore, the waiting time or the idle period

of the pipeline, W is calculated such that

W= G,

T /Fijk(t) .

The time t is then incremented to t + W and the status of all tanks is

updated and the selection procedure is started all over again. Note



that in order to avoid an infeasibility, W should be modified as T* - t

if t + W is greater than T*.

If T?jk is equal to or greater than 7, the volume of the product
that can be pumped, Vijk is computed such that
n
Vi = Gpuo « T

and the actual pumping is simulated by moving the products present in
the segment of pipeline downstream to the pump station k, by an amount

equal to V:j The type of interface created is identified and the

K
status of all tanks is updated. The time t, is also updated as

t + TEqr and the selection procedure is continued until the end of the

production period. At the end of each schedule period the measure of

45

performance is evaluated by computing the ratio of total interface volume

created to the total volume of products pumped. Figure 3.1 displays the

general structure of the algorithm.

The following notation are used in the proposed algorithm:

sl product index, L =1, 2, ..., I.

i tank index, j = 1, 2, .¢., Jk'

k pump station index, k =1, 2, ..., K.

n pumping number during a schedule period, n =1, 2, ..., N.
I total types of products produced in the system.

Jk total number of tanks at station k.

K total number of pump stations in the system.

N total number of pumpings carried out during a schedule period.
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length of time in which product i is pumped from tank j

at station k during the n-th pumping, for all i,j, k.

minimum allowable pumping time, for all products, in all
tanks and at all stations.

idle period of the pipeline.

input rate per hour, for product i, in tank j, at station k,
at time t, for all i,j,k.

pumping rate per hour, of product 1, in tank j, at station k,
for all i,j,k.

reduction rate of volume per hour, when product i, in

tank j, at station k, at time t is pumped , Such that

i (8) = G g = Fygpe ()
volume of product i, present in tank j, at

station k, at time t, for all i,j,k.

maximum safe volume of product i, in tank j, at station k.
minimum safe volume of product 1, in tank j, at station k.

volume of product i pumped from tank j, at station k,

during the n—~th pumping such that

= . it
V?jk B Gijk(t) Tijk :
volume of product i, in tank j, at station k, available for

pumping at time t such that

Vige(®) = Pyp(®) - Lig

product index in the pipeline, m=1, 2, ..., M(t)
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M(t) total number of products present in the pipeline at time t.

Bm(t) starting point, in terms of barrels, of product m in the
pipeline at time t.

Em(t) ending point, in terms of barrels, of product m in the

pipeline at time t.

Ck location, in terms of barrels, of station k.
17k time at which product i in tank j, at station k reaches
its safe maximum level, Uijk’
Km(t) type of product m in the pipeline.
én station number, from which a product is pumped during the
n-th pumping.
“ij priority index for product i, in tank j, at station k
during the n-th pumping, i,j # 1.
G?jk = 1 indicates that during the n-th pumping,
product i in tank j, at station k is given priority.
a?jk = 0 indicates that during the n-th pumping
product i, in tank j, at station k has no priority.
B?jk index to indicate under what condition product i, from

tank j, at station k was pumped during the n-th pumping.

szk = 1 indicates that product i, from tank j, at

station k was pumped, during the n~th pumping, when it

had reached its safe maximum level, Uijk'

g8%,, = 0 indicates that product i from tank j at
ijk

station k was pumped, during the n-th pumping under

normal conditions that is, at the time of pumping
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R time for which production levels remain the same for a

given schedule.

3.2 Sample schedule.

The use of the algorithm is illustrated by generating a schedule

for the first production period. The initial volumes and production

and pumping rates of all products are given in Table 3.1. The minimum
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allowable pumping time T is assumed to be 30 minutes. For convenience,

let each product be represented by enclosing its three indices in
patanthesis. For example (1,2,3) will represent product 1 stored in
storage taonk 2, at pump station 3,

Step 1. Initialize the schedule by setting the time, t = 0 and
the pumping number, n = 1.

Step 2. Find the overflow time, T:.ij "of all products. For

example, the overflow time of product (1,1,1) is

Typp = [0y = Fraake)) / Fpyy (6]

(6800.0 - 4429.0) / (1950.0 / 24.0)

29.18 Hours.

Similarly, overflow times are calculated for all the other products
and entered in column 10 of Table 3.1. For products which are not

produced in this period, the production rate per hour, Fijk(t) is 0

and the overflow times of these products is ». The earliest

overflow time, T* 1is the minimum of all overflow times. T¥% is
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therefore, 29.18 hours. Now, if an overflow condition exists, identify
the product which is about to overflow. Since T* > t, or 29.18 > 0, the
overflow condition does not exist and there is no need to pump product
(1,1,1), which has the earliest overflow time, at this time.
Step 3. Check if any product has a priority. Since the priority
index, aijk = 0 for all i,j and k,no product has a priority at this stage.
Step 4. Check for any imposed conditions on the products. As
menticned earlier, only PB produced solely at station 6, has an imposed
cendition that it should be followed and preceded in the pipeline by
product K. From Figure 3.2, the location of station 6, C6’ starting
aud ending location of the first product in the pipeline, Bl(t) and
Hl(t)’ are found to be 19,504, 0,and 20,404, respectively. Since

H](t) < Q. < El(t), the first product in the pipeline is in front of

6
station 6. The type code of this product, Xl(t), is 1, see Figure 3.1.
Check P4]6(t)’ the volume of product PB in its storage tank. Column 6
(t) < 0.9 -

in Table 3.1 shows that P (t) is 1,700 bbls. As P

416 416 Usass

ar, 1700 < 0.9 + 3600.0 product (4,1,6) need not be pumped now.

Step 5. Identify now those products which, if pumped, would not
create additional interfaces. Set the station index, k equal to 1.
As stated earlier, the first product in the pipeline, with code 1,
has its starting location, Bl(t) = 0 and ending location, El(t) = 20,404,
In checking the type codes of the products stored at station 1, it is
found that the product with code 1 is of them and its available volume,
Yii1° is 3979 bbls. By proceeding from station to station, incrementing
k by one,at a time, the products which can be pumped now without the

risk of causing additional interfaces and their available volumes are:
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Product Available Volume (bbls)
(i,3,k) Vijk(t)
(1,1,1) 3979.0
(1,1,2) 1250.0
(1,1,3) 690.0
(1,1,5) 1054.0

The available volumes of all other products are 0. The maximum avail-

able volume, v?jk(t)’ is 3,979.0 barrels and therefore, product (1,1,1)

1

111 B

is chosen for pumping. Set B

Step 6. Compute the time required to pump this product, Till

such that

1

Ty = (@ (0 = (T + 5,001 /W ()

x Pqr

(4429.0 - 455,0) / 398.80

= 9,97 Hours.

Since t + T < T%, or, (0 + 9.98) < 29.18, no product will over flow

when this product is being pumped.
Step 7. Check if the pumping time is greater than minimum allowable

pumping time, t. This check is necessary because B}ll = 0., Since

1
11 °

out. The volume of the product that will be pumped, Vill is found

pumping duration, T or 9.98 > 0.5, the pumping will be carried

such that
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1 _ . =n
Vi1 = Tia1 t o
= 9,97 (480)
~ 4783 bbls.

Set the index of the station from which the product is pumped during

~

the n~th pumping, kn =1,

Step 8. Update the present time, t such that

e+
i

0+ 9.97

9.97 Hours.

The volume of the product (1, 1, 1) in its tank at the end of the
pumping is

B 1 1 1
Py () = Pypq (e = Typq) = Vigg + Fpp(0) = Togy

1

4,429 - 4,783 + 81.2 (9.97)

455.6 bbls.

Enter this in columm 11 of Table 3.1. Note that, for convenience
the actual volume entered has been modified as 455 bbls.
Update the overflow time of this product by computing Tlll such

that

—
i

111 = £ [ gy = Bygq(8) / Fpqq ()]

9.97 + (6,800 - 455.6) / 81.2

89.77 Hours.

]

and enter this in column 10 of Table 3.1.
Step 9. Compute the interface created. As the code of the first

product in the pipeline and the product which is pumped into it
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are the same, or Xl(t) = p, and also as the station from which the
product is pumped, denoted by ﬁl’ is equal to 1, type 0 interface is
created.

Step 10. TUpdate the pipe status by moving all the products down-
stream by an amount equal to 4,783 barrels. This is accomplished by
adding 4,783 to El(t) and the same amount to Bm(t) and Em(t), m= 2,3,4,5.
Figure 3.3 displays the updated pipeline status.

Step 11. Check if the schedule period has exceeded production
period. As t < RS or 9.98 < 96.0, set n = 2 and go to Step 2.2 to find
the next product to be pumped. The procedure is continued until the

time t is equal to the production period.

3.3 Computational Algorithm.

Now that the basic concepts and a sample schedule have been dis-

cussed, a formal step by step algorithm is presented below.

Step 1: Initialize the schedule by setting the time, t = 0, and the
pumping number, n = 1,

Step 2: Determine the earliest overflow time and identify the product,
if overflow condition exists.

2,1 Compute the overflow time, such that

T4k

T..k = [(U

15 = Pijk(t)) / Fijk(t)]

ijk
2.2 Find the earliest over flow time, T*, such that

T#* = min

1,1,k Fagid
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2.2,1 If T* = ¢, find the next earliest overflow time
and designate it as T*. The indices (i,j,k)
of the product which is at overflow condition are
replaced by (p,q,r). Set B;qr = 1, and

u?;i = 1where i # 1 and p, j # q. Go to Step 6.

2,2.2 If T* > t, go to Step 3.

Identify the product which has a priority.

el

ijk

and un+l = 0 and go to Step 6.
pqr

=1,seti=p,J=q,k=1,8 =0

3.1 If
pqr

n

3.2 If aijk = 0, go to Step 4.

Check for any imposed condition, such as fixed successor and/or

predecessor for any product. Only product (4,1,6) has an im-
posed condition that it should always be preceded and followed
in the pipeline by a product having type code 1.
4,1 Identify the product m in the pipeline which satisfies
the following relatiomns.
Bm(t) < Gg and Em(t) > Cg

If there is no such product, go to Step 5.

4.2 Check P416(t) and Xﬁ(t)

4.2.1 If P,q(€) 2 0.9 Uyyo and X (£) =1,
set p=4,q=1, r=6, 8216 = 0 and go to Step 6.

4.2.2 1f either P < 0.9 U4 or X # 1 go to Step 5.

416 16
Identify the products which if pumped will not create additional

interfaces.
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5.1 Set the station index k = 1.
5.2 Check whether there is a product or an interface
in the pipe in front of station k
5.2.1 If Bm(t) < C and Em(t) > Ck’ for any m,
m=1, 2, ..., M(t), a product is present.
Check the product index, i associated with
each tank j at station k.
- If any 1 = Xm(t), and k = 1, find the available

volume, vijk(t), such that
vijk(t) = Pijk(t) - Lijk and go to Step 5.3

- If any i = Xm(t), k # 1, and both Bm(t).i Ck - 200
and Em(t) 3.Ck + 200, find the available volume
vijk(t) such that vijk(t) = Pijk(t) - Lijk and
go to Step 5.3.

- If any i = Xm(t), k # 1 and either Bm(t) > Ck - 200

or Em(t) < Ck + 200, set vy (t) = 0 to avoid

jk
type 7 interface and go to Step 5.3.

- If i ¢ Xm(t), set vijk(t) = 0 and go to Step 5.3.

5.2.2 If either Bm(t) < Ck and Em(t) = C T Bm(t) =

g © S
and Em(t) > Gk, an interface is present in the
pipeline. Set vijk(t) =0

5.3 Set k = k+l and check k.

5.3.1 If k > K, find the maximum available volume,

ijk(t) = ?;: [vijk(t)]
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*
and check vijk(t).

- If v?jk(t) = 0, set the walting time, W equal

to T#*-t, and go to Step 7.2.4.

—IfVijk(t)#O,SEti=P;j=ka=r,B =0

pqr
and agji = 0 where i # p and § # q and go to Step 6.

5.3.2 If k < K go to Step 5.2.
Step 6: Compute the pumping time, Tzqr'

6.1 Find T" such that
pqr

n

T = |P t) - (L
pqr [ qu( ‘ ¢ Pq

.t 5.0)] / Hpqr(t)

6.2 Set T' = T#—t, if £t + T _ > T*
pqr par

Step 7: Check if the pumping can be carried out. If it is not, compute
the waiting time and update the tank status.
7.1 1f g% = 1, compute the volume to be pumped, v®  such
pqr pqr

that

S S
pqr  'pqr  pqr

n o _ n
7:2 LIf qur = 0 and qur < 1, check qur {t)s

(£), Set kn = r and go to Step 8.

7 I Ibeqr(t) = 0, the product (p,q,r) can not be

pumped during this schedule. Set the avallable
volume of this product, qur(t) equal to 0 and go
to step 5.3.1, so that one of the other candidate

products can be selected.

7.2.2 If qur(t) # 0, find the.walting time, W such that

W= (qur 1)/ qur(t)



Step 8.

Step 9.
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7.2.3 Set W= Tkt if t + W > T#*
7.2.4 Set t = t + W and update the volume of products
in all tanks such that

(£) =P, (t =W) + F, . (t) - W,

Piik 13k
and go to Step 1l1.

ijk

7.3 If ngr = 0 and T;qr > 1, compute the volume to be pumped,
V® _ such that
Pqr

=T -G (t).
pqr Pqr pqr

Set kn = r and go to Step 8.
Update the volume of products in all tanks and overflow time
of the product already pumped.

8.1 Set t =t + T
pqr

8.2 Compute qur(t) for the product which was pumped such that

P () =P (t=T™ ) -V +F (t)» IO
pqr pPar pqr pqr pqr Par

8.3 Compute the new overflow time, qur such that

T =t + (U
pqr Pq

8.4 Update the volumes in all the other tanks such that

- () E ()

r r

In

Il
Pijk(t) = Pijk(t - T

+ F = T &
pqr) ijk pqr

i#p,j#qandk?r.
8.5 Update pumping number, m such that n =n + 1
Compute the interface created.
9.1 1If Bm(t) < Cr and Em(t) < Cr’ for any m, m = 1,2,...,M(t),
a product is present in the pipeline in front of stationm r.

Check Xm(t).



9.1.1 If X (t) = p check B (t), E_(t), and k_

9.1.2

9.2 1f either Bm(t) = Cr and Em(t) > Cr

Em(t)

-~ If k= 1, designate the interface created as
n
type 0 and go to Step 10,

- If Bm(t) > Cr - 200401 Em(t) < Cr + 200,
designate the interface created as type 7 and go
to Step 10.

- If both B_(t) < C_ -~ 200 and E_(t) > C_ + 200

. m r m r
designate the interface created as type 0 and go
to Step 10,

If Xm(t) # p, check kn.

- If kn = 1, designate the interface created as
type 6 and go to Step 10,

- If 'k # 1, designate the interface created as

n
type 1 and go to Step 10.

4O Bm(t) < Cr and

= Cr, an interface is present in the pipeline in

front of station r. Check Xm(t) and Xm+l(t)

8521

9.2.2

9.2,3

1f Xm(t) = p, designate the interface created as
type 3 and go to Step 10.

LE Xﬁ+1(t) = p, designate the interface created as

type 4 and go to Step 10.

If both Xm(t) # p and Xm+l(t) # p, check knwl’

A~

k

-2? till kn T.

- If all kn > r, designate the interface created

as type 2 and go to Step 10,

62
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- If any ﬁn < r, designate the interface created
as type 5 and go to Step 10.
Step 10. Update the pipeline status.
Starting at station r, move each product downstream by a

distance equal to v until the delivery point is reached.

pqr’
Step 11. Check for the end of schedule.

1.1 If t < RS go to Step 2.2

1.2 If t > RS the schedule during the fixed production

period is obtained.



CHAPTER IV
COMPUTATIONAL PROCEDURE AND RESULTS

The proposed algorithm developed in Chapter III was programmed in
FORTRAN IV. The program consists of a main routine and five subroutines.
The subroutines are uéed to update the pipeline status after each
pumping, and they have already been discussed in Chapter II. Figure 3.1,
which illustrates the broad details of the algorithm also serves to
illustrate the general details of the program. The detailed flow chart
is given in Appendix E and the program itself, with a specimen output
is given in Appendix F. 1In this chapter, a description of the main

program is given and the results obtained are analyzed.

4.1 QComputer Program Description:

The function of the main program is to (1)} determine the type of
product to be pumped; (2) to update the storage tanks and pipeline
status; (3) to count the number of interfaces created during each
schedule period; and (4) to summarize the schedule generated in the form
of a table so that the operators at the pump stations can understand the
schedule details easily. The data read in by the program is divided into
two groups, namely, fixed data and varying data. The fixed data comprises
location of pump stations, términation point of pipeline, type ©of
products stored in each pump station, maximum and minimum safe volumes
of all tanks and pumping rates of all pumps. These details are classified
as fixed because they are not changed from schedule to schedule. The

varying data comprises pipeline status, initial volumes of products in
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all tanks, production period, and production rates at all gas plants.
These are classified as varying because it is assumed that when the
program is put to use, only one schedule will be generated at a time,
and that the pipeline status and tank status (based on actual volumes),
will be initialized before each schedule is generated. In the program,
the termination point of the pipeline or the delivery point is assumed
to be 31,786 bbls or 5,000 bbls downstream of the last pump station,
namely station 8., In reality, however, it extends up to 65,936 bbls.
This was done because the products in the pipeline, after the last
pumping station, just move after each pumping without any additional
interfaces and,therefore, termination of the pipeline at any point after
the last pump station does not affect the characteristics of the pipe-
line system. However, if it is required to know when the product and
interfaces arrive at the actual termination point, the variable LIMIT
which represents the termination point should be given a value of, say,
70,936 bbls which actually has an imaginary length of 5000 bbls more
than the true length.

While the general structure of the program is the same as that
of the algorithm, it has a few additional steps, mainly for the purpose
of reporting any infeasible conditions. As the algorithm is constructed
in such a way that the system is always feasible, it may seem that
these steps are superfluou;; but they serve as precautionary measures
against feeding in wrong data pertaining to initial volumes of products
in all storage tanks. Also, though the possibility of two tanks over-

flowing at precisely the same time is remote, the program checks and
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reports the possibility of such an event and then terminates further
execution. This situation can be dealt with by pumping one of the pro-
ducts much earlier than the overflow time, say, right at the beginning
of the schedule. In this instance, it will be necessary to resort to
hand calculations. The remaining pumpings in the schedule can then be
generated by suitably initializing time, storage tanks and pipeline
status.

The summary of the schedule printed out at the end of each schedule
gives such details as total volume of interface created during the
schedule, total volume of products pumped and the ratio of interface
volume to total volume of products pumped. The type of output ob-
tained, as in the case of the program used to analyze pipeline company's
schedules discussed in Chapter I1, depends upon the values of variables
NPARM and JPARM. If at any time, some schedule details or pipeline
status is suspected to be erroneous, the values of NPARM and JPARM
should be set equal to O and 1, respectively. The resulting output

is so comprehensive that the error conditions can be easily traced.

4.2 Computational Results:

A summary of the computational results is displayed in Table 4.1.
Note that periods 4 and 5 are combined together to form one period,
since both periods are identical. The program was run for seven dif-
ferent minimum pumping times ranging from 20 minutes to 60 minutes.
Due to the nature of the algorithm incorporated to make decisions as
to which products to pump, all the schedules are non-stationary. As

might be expected, the number of pumpings during each schedule decreases,
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though not monotonically, as the minimum allowable pumping time is in-
creased. There is no apparently significant change in the total interface
volume created and total volume pumped during the same schedule period
for various minimum pumping times. Long production periods do not
always result in a large number of pumpings. As an example, for the minimum
punping time of 45 minutes, there were 23 pumpings during the first
production period which lasted 96 hours, while 18 pumpings took place
during a production period which lasted 120 hours. It appeared that, the
higher the production rates at the gas plants and the larger the number
of products produced in a period, the greater are the number of pumpings.
The second schedule, for all minimum pumping times, has 0 bbls of in-
terface volume created, while the fourth schedule, for the minimum
pumping time of 60 minutes, has the highest interface volume of 5,200
bbls. The average ratio of the total volume of interface created to total
volume of products pumped, ranges from 5.30% to 6.60%, the best ratio
being obtained for a minimum pumping time of 30 minutes. Also the best
ratio of 5.30% represents an improvement of 36.10%Z over pipeline company's
average ratio of 8.30%. The average number of pumpings per day for the
minimum pumping time of 30 minutes, 1s 6.48 which is higher than the
pipeline company's average of 5.57, by 14.2%. The program did not report
any infeasibility during any of the six production periods. Product PB
was always pumped satisfying its imposed restrictioms.

Figure 4.1 shows the relationship between the minimum pumping times
and the average ratio of interface volume created to the total volume of

products pumped. If the variation in production conditions at all gas
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plants is always similar to the variation found in the six production
periods under consideration, it may be concluded that the minimum
pumping time of 30 minutes is most likely to produce the minimum average

volume of interfaces.



CHAPTER V

SUMMARY AND CONCLUSIONS

A major pipeline company in the U.S.A. owns and operates a single,
multi~product pipeline which serves a group of nine gas plants. Each
gas plant has a pump station which stores the products produced by the
gas plant in storage tanks and pumps them through the pipeline at regu-
lar intervals, Six different products are made at the gas plants.
When different products flow one behind the other in the pipeline,various
types of interfaces are formed; each interface representing a certain
volume of degraded product. Since a degraded product fetches less price
than a pure product, it is essential that the six products are scheduled
in such a way that a minimum number of Interfaces is created.

The Scheduling and Dispatching Division of the pipeline company uses
a computer program which checks the feasibility of a hand-calculated se-
qﬁence of pumpings, furnished by an experienced scheduler. By feasibility,
it is meant that the level of all products in their storage tanks ranges
between the maximum and minimum safe levels at all times. The program,
however, does not evaluate the sequences in terms of the interfaces
created, and consequently,it is not known how good such a schedule is.

This research has made an attempt at formulating a systematized
scheduling procedure, based on a set of scheduling rules. The procedure
was presented in the form of an algorithm, and its usefulness was dem-
onstrated by generating a schedule. The algorithm was further tested
by incorporating it in a simulation program. An important feature of

this algorithm is that it identifies and keep a count of interfaces
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created during a schedule period. Consequently, the measure of per-
formance, which is the ratie of the total volume of interface created
to the total volume of products pumped was easily evaluated. Seven
different sets of schedules were generated, based on seven different
minimum allowable pumping times. It was found that the average volume
of interface created per barrel of product pumped, was only 0.053 bbl
when schedules were generated with the proposed method. The pipeline
company's procedure, however, created 0.083 bbl of interface per barrel
of products pumped.

The important difference between the existing and proposed method
is that while the former generates stationary schedules, the latter
produces non-stationary schedules. A stationary schedule does not have
idle periods of the pipeline in between pumpings; but a non-stationary
schedule does. It can be claimed that a stationary schedule possesses
certain advantages such as: (1) total number of pumping during the
schedule period is generally low; (2) duration of idle period fol-
lowing a schedule period is normally long and therefore the persomnnel
responsible for operating the pumps at pump stations can be assigned
to some other jobs; (3) mostoften; a product from a tank 1s pumped only
once during a SChedUleg’and finally, (4) the length of production period
does not form a part of thg data. But one disadvantage of such schedules
which almost outweighs all the advantages 1is that in order to maintain
the system's feasibility at all times, some products are pumped when
actually there is no need to pump them, creating in the process, ad-

ditional interfaces. Moreover, if the production rates at the gas plants
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are stepped up by, say, two or three times the present rates, it may not
be possible to prepare stationary schedules at all times. Products

in some storage tanks, which have low capacities, would reach overflow
condition very often and it would be difficult to have a long, uninter-
rupted idle time after each schedule period.

Although the proposed algorithm was tested for six consecutive pro-
duction periods and was found to create few interfaces, it can not be
claimed, by any means, that its validity was tested exhaustively; but
the author had no alternative as the pipeline company was in a position
to furnish only a limited amount of data. Also, though the assumption
that, only 200 bbls of degraded product is created per interface re-
gardless of its constituent products, is justified in the absence of
any contrary data, it is definitely important to consider the precise
volume of degraded product created for every pair of products that can
be involved in an interface. When these details are available, the
interface counter incorporated in the algorithm should be modified
suitably.

There is no restriction at the present on the type and amount of
products delivered at the delivery point of the pipeline. But in the
event of finding any specific demand or a pattern of demand, at the
delivery point, the algorithm should be suitably modified and it is in
this area that further research is suggested. Finally, it should be
pointed out that with the present assumptions, the possibility of further

improvement of the proposed algorithm itself should be investigated.
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List of variables in the program used for

analyzing the pipeline company's schedules.
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NPS

NP

IP(NP,J,1)
IP(NP,J,2)
IP(NP,J,3)
IP(NP,J,4)
IP(NP,J,5)
IP (NP ,J,6)
TFACE
NENSL
LIMIT
NREF

FCNT
ITOTV

1.0C

17

NBVOL

IADD

NOIF
INX
NOSDL

RATIO
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List of Variables

Number of products in the pipeline.

Pumping sequence number.

After NP-th pumping, the six different attributes
of Jth product in the pipeline are as follows:
Type code.

Beginning co-ordinate.

Ending co-ordinate.

Type code of (J-1)-th product.

Type code of (J+l)-th product.

Volume of the product.

Total interface volume iﬁ the pipeline.

Total number of schedules to be analyzed.
Termination point of the pipeline.

Station number.

Additional number of interfaces created.

Total volume of products pumped.

Location of the station on the pipeline.

Type code of the product pumped.

Volume of the product pumped.

Additional volume of interface created after a
pumping.

Total number of interfaces present in the pipeline.
Type of interface created.

Schedule number.

Ratio of interface volume to total volume.



APPENDIX B

Flow chart of the program used for analyzing

the pipeline company's schedules.
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Initialize
NOSDL as 1

!

Read initial pipe

status
a|

Initiglize NP, IFACE (1), FCNT,

ITOTV
\A

Read NPNG

—

Read LOC, 1Z, NBVOL, NREF (NP).

there ‘a product NO

n front of NREF (NPY?

An interface
is present.

‘Identify the .product and designate
-its sequencé in the pipeline as
‘M-th product.

NO

‘the M-th preduct .typ
ade same as IZ7

©

Fig. B.l. Main Program

(i%i)
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4

Call PSTAT O Call PSTAT 1 and downstream productd.

Identify the upstream

Designate them as M-th

and (M+l)-th products.

Is
M-th pro-
duct code
equal to IZ7?

MFl-th-
product code
equal to LZ7

Call PSTAT 5 Call PSTAT 4 Call PSTAT 3

Y
N

Fig. B.1 Main Program {continued)
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INX(NP) = 0

l

Status of the M-th product:

IP(NP,M,3) = IP(NP-1,M,3) + NBVOL

IP(NP-1,M,6) + NBVOL

IP(NP,M,6)

l

Starting from the M-th product move all
products downstream by a distance
equal to NBVOL; the last product in the
pipeline has

IP(NP,J,2) < LIMIT and IP(NP,J,3) > LIMIT.
Set IP(NP,J,3) = LIMIT and
IP(NP,J,6) = LIMIT - IP(NP,J,2)

L

Return

Fig. B.2. Subroutine PSTATO
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INX(NP) = 1

v

Status of the M-th product:
IP(NP,M,3) = LOC

IP(NP,M,6) = LOC - IP(NP,M,2)
IP(NP,M,5) = IZ

|

Status of the (M+l)-th product:
IP(NP,Mrl,l) = IZ
IP (NP, ,M+1,2) = LOC
IP(NP,M+1,3) = LOC + NBVOL
IP(NP ,M+l,4) = IP(NP-1,M,1)
IP(NP ,M+1,6) = IP(NP,M+1,3)

- IP(NP,M+1,2)

l

Status of the (M+2)-th product:
IP(NP,M+2,1) = IP(NP-1,M,1)
IP(NP ,M+2,2) = IP(NP,Mt+1,3)

IP(NP,M+2,3) = IP(NP,M#2,2)
+ (IP(N+1,M,3) - 1LOC)
IP(NP ,M+2,4) = IP(NP,M+1,1)
IP(NP ,M+2,5) = IP(NP,M,5)
IP(NP,M+2,6) = IP(NP,M2,3) ~ IP(NP,M+2,2

!

Starting from the (M+2)-th product move
all products downstream by a distance
equal to NBVOL; last product has

IP(NP,J,2) < LIMIT and IP(NP,J,3) > LIMIT|

Set IP(NP,J,3) = LIMIT and IP(NP,J,6) =
LIMIT - IP(NP,J,2).

Sr?

b

Raturn

Fig. B.3. Subroutine PSTATL
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INX(NP) = 3

|

Status of M-th product:

IP(NP,M,1) = IP(NP-1,M,1)

IP(NP,M,2) = IP(NP-1,N,2)

IP(NP,M,3) = IP(NP-1,M,3) + NBVOL
IP(NP,M,4) = IP(NP-1,N,4)

IP(NP,M,5) = IP(NP-1,M,5)

IP(NP,M,6) = IP(NP,M,3) - IP(NP,M,2)

o

Starting from (Mtl)-th product move all
products downstream by a distance equal
to NBVOL. The last product has

IP(NP,J,2) < LIMIT and IP(NP,J,3) > LIMIT}

Set IP(NP,J,3) = LIMIT and
IP(NP,J,6) = LIMIT - IP(NP,J,2)

|

Return.

Fig. B.4. Subroutine PSTAT3
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INX(NP) = &

S

Status of the (Mtl)-th product:
IP(NP, M1, 1) = IP(NP-1, M+l, 1)
IP(NP, M1, 2) IP(NP-1, M1, 2)
IP(NP, M1, 3) = IP(NP-1, M+l, 2) + NBVQL
IP(NP, M+l, 4) = IP(NP-1, M+l, 4)
IP(NP, M+1,.5) = IP(NP-1, M+l, 5)
IP(NP, M+l, 6) = IP(NP, Mtl, 3)

- IP(NP, M+l, 2)

B nunu

|

Starting from the (M+2)-th product, move +11
products downstream by a distance equal

to NBVOL. The last product has IP(NP,J,2]
LIMIT and IP(NP,J,3) > LIMIT. Set
IP(NP,J,3) = LIMIT and IP(NP,J,6) =
LIMIT - IP(NP,J,2).

Return

Fig. B.5. Subroutine PSTAT4
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INX(NP) = 5

v

Status of the M-th product:

IP(NP,M,1) = IP(NP-1,M,1)

IP(NP,M,2) = IP(NP-1,M,2)

IP(NP,M,3) = LOC

IP(NP,M,4) = IP(NP-1,M,4)

IP(NP,M,5) = 1Z

IP(NP,M,6) = IP(NP,M,3) - IP(NP,M,2)

Status of the (MFl)-th product:

IP(NP,Mt1,1) = IZ

IP(NP,M+1,2) = LOC
IP(NP,M+1,3) = LOC + NBVOL
IP(NP,M+1,4) = IP(NP-1, LL, 1)
IP (NP ,MF1,5) = IP(NP-1, LL, 5)
IP(NP,M+L,6) = NBVOL

Status of the (M+2)-th product:
IP(NP,M+2,1) = IP(NP-1, M+l, 1)
IP(NP,M+2,2) = IP(NP, M+l, 3)
IP(NP,M+2,3) = IP(NP, M2, 2)

+ IP(NP-1, M+l, 6)
1Z

IP(NP-1, M+l, 5)
IP(NP-1, MHL, 6)

il

IP (NP, M+2, 4)
IP(NP, M+2, 5)
IP(NP, M+2, 6)

It u

Starting from the (M+2)-th product, move
all products downstream by a distance
equal to NBVOL. The last product has
IP(NP,J,2) < LIMIT and IP(NP,J,3) > LIMIT
Set IP(NP,J,3) = LIMIT and

IP(NP,J,6) = LIMIT - IP(NP,J,2)

AT .

RETURN \

Fig. B.6. Subroutine PSTATS
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APPENDIX C

The program used for analyzing the pipeline

company's schedules.
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THE
FOLLOWING
DOCUMENT HAS
PRINTING THAT
EXTENDS INTO
THE BINDING.

THIS IS AS
RECEIVED FROM
CUSTOMER.
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EVEL 18 MAIN DATE = 71355
THIS PROGRAM WAS WRITTEN TO EVAUATE THE RATIO
DF TOTAL INTERFACE VOLUME TO TOTAL VOLUME OF PRODUCTS
PUMPED FROM PIPELINE COMPANY?'S SCHEDULE DATA.
FOR DESCRIPTION OF VARIABLES SEE 'LIST OF VARIABLES®',
COMMON 1P(30,25,6), INX(30), IFACE(30)+NREF{30)
COMMON IZ yNBVDLLOCsLLyNPyNPS,LIMIT
NCRDR IS CARD READER AND NPRNT IS THE PRINTER.
NCRDR=1
NPRNT=3
TYPE OF OUTPUT.
IF NPARM=1, WHETHER JPARM=0 OR 1, SCHEDULE DETAILS
WILL BE PRINTED OUT IN TABULAR FORM,
IF NPARM=0, JPARM SHOULD HAVE A VALUE EITHER O OR 1.
IF JPARM=0, PIPE STATUS WILL BE PRINTED OUT AFTER
EVERY 5 PUMPINGSe IF JPARM=1, PIPE STATUS WILL
BE PRINTED OUT AFTER EVERY PUMPINGa
NOTE: WHEN NPARM=0, PIPE STATUS WILL BE PRINTED OUT
IN VECTOR FORM,.
NPARM=1
JPARM=0
FORMAT STATEMENTS,

10 FORMAT(1016)
20 FORMAT(*1',5X,'BEGINNING OF SCHEDULE NO:

1°9/7)

16/23/17

21 FORMAT{®0",5X, *PUMPING"Y 33X, "STATION®,3X,*PRODUCT ", 3X, " VOLUME",3X,

1'TYPE OF*'3X,*INFACE',/?
24X VOL /% %,36X,'BBLS? 15X, "'BBLS"y//)

476 FORMAT("1°,30X,'THE DETAILS OF THE SCHEDULE ARE:")

3360 FORMAT{'0',5X, *PUMPING OCCURED AT STATION
3380 FORMAT('D',5X,*PUMPING OCCURED AT STATION
3400 FORMAT{('0",5X,'PUMPING -OCCURED AT STATION
3420 FORMAT('0%',5X,"PUMPING OCCURED AT STATION
3440 FORMAT(®0*,5X,PUMPING OCCURED AT STATION
3460 FORMAT('0',5X,'PUMPING OCCURED AT STATION

NO.1%)
NO.2')
NOe3')
NOe51)
NO.6"')
NOeT7')

P23 (TXy "NOe ") 45Xy YPUMPED" 34X, "INFACE '
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C
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EVEL L8 MAIN DATE = 71355 16/23/17

3454 FURMAT('0?,5X,*PUMPING OCCURED AT STATION NO.4Y)

3458 FORMAT('0's5X, "PUMPING OCCURED AT STATION NO,9')

3470 FORMAT('D 45X, *PUMPING DCCURED AT STATION N(O.8')

3510 FURMAT(?® *,5X,*VOLUME PUMPED:",110)

3511 FORMAT(® *,5X,*THE PRODUCT PUMPED:',13)

3520 FORMAT('0°*,5X,*THE PIPE STATUS AT THE END OF LAST PUMPING:')

3521 FORMATI{'*D*,5X, PRUODUCT SEQUENCE NO:',12)

3550 FORMAT(Y ® oSKe"IP{ 913, 124?912, 4=2,110)

3570 FORMAT{'D®+SXs'TYPE OF INTERFACE CREATED:",13)

3575 FORMATI{® *,5X,"'NQ«0OF INTERFACES THIS STEP:*,1[3)

3580 FORMATI(Y *, APDITIONAL INTERFACE THIS STEP:',[6,* BBLSY)

3590 FORMAT(* ',5X.*TOTAL INTERFACE SO FAR:',16,' BBLSY")

3576 FORMAT({® ' ,5X, " INTERFACE VOLUME AT THE BEGINNING OF STCHEDULE:',18,
1* BBLS*)

3597 FORMAT(? ',5X,*TOTAL VOLUME PUMPED SO FA:',I8,' BBLSY)

3705 FORMAT(® ", TXe12,2(8Xe12)4TXe14,TX,12)

3710 FORMAT{'+%,56%,13)

5555 FORMAT{'0?® 45X, *PROCUCT " 45X s "PRODUCT? 44X "BEGINING? 44X, YENDINGY,
LaX "VOLUME ' o /" ' 4y 5X*SEQUENCE" +6X, "CODE® » TX,*POINT 46X, *POINT?Y,
25X "BBLSY /" "BX i 'NOa?sIXy"NO " +8Xs "BBLSY o 7Xs "BBLSYy /)

5556 FORMAT{® "o8XeI12:10X312,TX[6+5X4[6,4X,16)

3600 FORMAT('~",5X, *END OF SCHEDULE: SUMMARY.')

3610 FORMAT{'0?*,5X, *NUMBER OF PUMPINGS IN THIS PERIOD {S5:t',13})

3620 FORMAT(Y " ,5X,*TOTAL NUMBER UF INTERFACES CREATED IN THIS PERIDD
LISzt ,Fbhe2}

3630 FORMATI{® ?,5X,*TOTAL INTERFACE VULUME CREATED IN THIS PERIULD [S:t
1.8, ABLS")

34631 FORMAT(® *,SX,*TOTAL VOLUME PUMPED IN THIS PERIOD:z'*,[B,' BBLS")

3640 FORMAT(?® *,5X,°RATIO OF INTERFACE VOL TO TOTAL VOL:'",Fbe2y" %')

3685 FORMAT{'0? 55X, INTERFACE VOLUME AT THE START OF NEXT SCHEDULE: %,
116, BBLS")

READ{NCRDR,10) NPS
DO 15 J=1,NPS
READINCRDOR 10} [IP{LlsJsK)sK=146)
15 CONYINUE
READ (NCRDR,1D) IFACE{L) NENSL,LIMIT
NOSDL=1
WRITEINPINT,20)

50 NP=2
NREF{1)=0
FCNT=040
[TOTV=0
WRITE (NPRNT,21)
READ {NCROR,10) NPNGS

100 READ (NCRDR,10) LOC,IZyNBVOL,NREF(NP)
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c UPDATE THE PIPE STATUS.
C
500 DO 501 K=1,NPS
LL=K

IF(IP{NP-1+Ky2)eEQeLOC) GO TO 1000

501 CONTINUE
c SINCE THERE IS NO INTERFACE IDENTIFY THE PRODUCT
505 DO 510 K=1,NPS
LL=K
IF(UIP(NP-14Ky2)elToLOC) e ANDe (TP (NP=-1,Ky43)+GT4LOC)) GO TO 520
510 CONTINUE

c LL NOW GIVES THE PRODUCT SEQUENCE NO
c CHECK IF A NEW INTERFACE IS CREATETED
520 IFUIP(NP-1,LL+1)eEQeIZ) GO TU 750
c NEW INTERFACE IS CREATED
GO TO 525
750 CALL PSTATO
GO TO 3000
525 CALL PSTATI1
GO TO 3000
C THE PRODUCT TO BE PUMPED MEETS AN INTERFACE
C IT IS POSSIBLE THAT THE PRODUCT TO BE PUMPED IS SAME AS
c Ae PRODUCT TO THE LEFT OF INTERFACE
C Be PRODUCT TO THE RIGHT OF INTERFACE
c Ce NEITHER OF THESE TWO PRODUCTS
C
1000 I[F(IPINP-14LLy1)eEQelIZ) GO TO 1010
GO TO 1020
1010 CALL PSTAT3
GO YO 3000

1020 IF{IPINP-1,LL41,1).EQ.IZ) GO TO 1031
CALL PSTATS
GO YO 3000

1031 CALL PSTAT4
GO TD 3000

INTERFACE COUNTER

OO0 O

CHECK FOR TYPE O INTERFACEs

3000 IF (INX{MP).EQs0) GO TO 3010

GO TO 3011
C CHECK FOR TYPE 1 INTERFACE.
3010 IFACE(NP)I=IFACE(NP-1}

GO TO 3050
3011 IFCEINXINP).EQa1l) GO TO 3012

GO 1D 3013
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L

OO0 0

o000

EVEL

3012

3013

3014

3015

3025
3026
3027

3028

3035

3038

3039

3040

3050

18 MAIN DATE = 71355 92 16s23717

IF(NREF{NP).EC.1) GO TO 3026

IF(INREF(NP) o FQeNREF(NP~1))eANDs  INX(NP-1)oNE«O)) GO TO 3028

IFACE({NP) =IFACE (NP-1)+400

FCNT=FCNT+240

GO TO 3050
CHECK FOR TYPE 3 OR 4 INTERFACE.

TF{{INX(NP)eEQe3)aORe LINX(NP)oEQe4)) GO TO 3014

GO TO 3015

IFACE(NP)=IFACE(NP-1)+100

FCNT=FCNT +04 5

GO TO 3050
CHECK FOR TYPE 5 INTERFACE.

IF{INX{NP)+EQs5) GO TO 3025

IF(INX(NP)+EQ.7) GO TO 3039

GO TO 6000

IF(NREF(NP).EC.1) GO TO 3026

G0 TO 3027

INX(NP) =6

GO TD 3040

IF (NREF (NP)oEQeNREF(NP=1)) GO TO 3028

GO TO 3035

INX(NP)=2

GO TO 3040
CHECK IF ANY DOWNSTREAM PUMPING OCCURED AFTER THE
LAST PUMPING FROM THIS STATIONs IF NO DOWNSTRCAM
PUMPING OCCURED,EVEN UNDER TYPE 5 CONDITIUN THE NUMBER
OF INTERFACES CREATED IS ONLY ONEa

NQ=NP-1

IF{NQaEQa1) GO TO 3039

IF (NREF(NQ)sLToNREF(NP)) GO TO 3039

NQ=NQ-1

IF{NQeEQe1l) GD TO 3039

IF {NREF(NQ)oECaNREF(NP)) GO TO 3028

GO TO 3038

IFACE(NP) =TFACE (NP-1)4400

FCNT=FCNT 42,0

GO TO 3050

IEACE (NP =IFACE (NP-1)+200

FCNT=FCNT+140

NOIF=NPS-1

[ADD=1FACE (NP)~IFACE(NP-1)

ITOTV=ITITV+NRVOL

PRINT STATEMENTS, NOTE THAT THESE STATEMENTS ARE COMPLETELY
SKIPPED IF NPARM=1.

IF{NPARMs EQe1l) GO TO 3700
IF(LOC.NEs1) GD TO 3350
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EVEL

3350

3370

3390

3410

3430

3450

3452

3456
3500

3519

3540
3530
3535

18 MAIN DATE = 71355

WRITE(NPRNT 33601}

GO 7D 3500

IF{LOCaNES1202) GO TO 3370
WRITE (NPRNT,2380)

GO TD 3500

IFILOCsNE-4060) GO TO 3390
WRITE(NPRNT,3400)

GO TO 3500

IFILOCaNEL15604) GO TO 3410
WRITE (NPRNT,3420)

GO TO 3500

IF(LOCaNEL19504) GO TO 3430
WRITE {(NPRNT,2440}

GO T0 3500

[F(LOCsNE« 24671} GO TO 3450
WRITE (NPRNT,3460])

GO YO 3500

IF(LOCaNE«13124) GO TO 3452
WRITE (NPRNT,345¢4)

GO TO 3500

IF{LOC.NE«246T72) GO TO 3456
WRITE{NPRNT,3458)

GO TO 3500
WRITE(NPINT,3470)
WRITE(NPINT,3510) NBVOL
WRITE (NPRNT,3511) 12

PRINT JUT PIPE STATUS AFTER EVERY S5 PUMPINGS
IF JPARM=0

IF(JPARMs EQ.1Y GO TO 3519
NR=MOD(NP,5)

IF{NRL.EQsO} GI TO 3519

GO YO 3596

WRITE(NPRNT43520)

NPP=NP~-1

DU 3530 J=1+NPS

WRITE (NPRNT,3521) J

DO 3540 K=1,6

WRITE(NPRNT +3%550) NPPyJsKy IP{NPyJ,4K)
CONTINUE

CINTINUE

WRITE(NPRNT,3570) INX(NP)
WRITE (NPRNT,3575) NOIF
WRITE (NPRNT,2580) I1ADD
WRITE (NPRNT,3590) IFACE(NP)
WRITE (NPRNT43576) IFACE(Ll)
WRITE (NPRNT,3%97) ITOTV

93 16723717
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OO0

a e NeRel

]

3700

3596

3598

4000

4100
3599

3680
3675

200

9l

18 MAIN DATE = 71355 16/23/17
GO TO 3596
THE FOLLOWING PRINTING STATEMENTS ARE EXECUTED ONLY
[F NPARM=1.
NPP=NP-1

WRITE (NPRNT,3705) NPP+NREF(NP)yIZyNBVOL, INX{NP)
[FOINXI{NP)oNEsO) WRITE(NPRNT,3710) IADD

INCREASE PUMPING NO BY ONE AND UPDATE THE PRESENT
TIME.

NP=NP+1

IF (NPLLE. (NPNGS+1})}) GO TO 100
NPP=NP-1

NPQ=NP-2

IF (NPARM.EQsl) GO TO 4000

IF (JPARM.EQs1) GO TO 3599
NR=MOD(NPP,5)

IF(NReNEo Q) GI' TO 4000

GO TO 3599

PRINT THE PIPE STATUS.

WRITE (NPRNT,3520)

WRITE(NPRNT5%55)

DO 4100 J=14,NPS

WRITEINPAINT5556) JyIP(NPP,Js 1) IP(NPP,J42),IP(NPP,J,3),
LIP{NPPgsJs6)

CONTINUE

IFNP=NP-2

IXIF=IFACE{NP-1)-IFACE(1)

PRINT THE SUMMARY OF THE SCHEUULE.

WRITE{NPRNT,3600)

WRITE{NPRINT,3610) IFNP
WRITE(NPRNT,3£20) FCNT
WRITEINPINT,3630) IXIF

WRITE (NPRNT,3631) ITOTV
RATIO=(FLOATUIXIF)/FLOAT(ITOTV))*100.0
WRITE (NPRNT,2640) RATIO

00 3675 I=1,NPS

00 3680 J=146

IP[I'I|J,=IP(NP“1!I'J’

CONT INUE

CONTINUE

IFACE{1)=NOIF*200

NOSDL=NOSDL+1

WRITE (NPRNT,?00) NOSDL
FORMAT(*1" 45X, "BEGINNING OF SCHEDULE NOD:',13,//)
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IF{NOSDL.GToNENSL) GO TO 6000
GO TO 50

6000 STOP
END
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SUBROUTINE PSTATO

THIS SUBRUUTINE UPDATES THE PIPE STATUS IF TYPE 0 INTERFACE
IS CREATED

OO0

COMMON TP{30,25+6)4INX(30)+IFACE(30),NREF(30)
COMMDN T1Z NBVOL,LOC,LLoNP,NPS,LIMIT

INX{NP)=0

IF{NREF(NP)oECs1l) GO0 TO 751

IF({IP(NP=13LL32)eGTa(LOC-200))e0Re{IP(INP-1,LLs3)alTo(LOC+200)))IN

1X{NP)=T

751 IP(NPsLLy1)=IP{NP-14LL,1L)

IPINPoLLy2)=IP{(NP-1,LLs2)

Ipth,LLo3’=1PtNP“1'LL13’*NBVUL

IP{NP4LLy4)=IP(NP-1,LL,%)

IP(NP'LL'5,=IP(NP"1|LL15‘

IP{NPsLLy6)=IP{NP-L,LL,6)+NBVOL
C CHECK IF THE PRODUCT TO BE PUMPED WILL OCCUPY THE ENTIRE
C VOLUME TO THE RIGHT

IF(IP{NPyLL+3)sGE.LIMIT) GO TO 760

G0 YO 770

760 IP{(NP4LLy3)=LTITMIT

IP{NPsLLy5)=0

IP(NPLLLs6)=LTMIT-IP{NPsLL,2)

NNPS=LL
C GO TO STATFMENT 800 TO UPDATE THE STATUS OF ALL PRODUCTS
c TO THE LEFT OF LOC

GO TO 800
C UPDATE THE STATUS OF ALL PRODUCTS TO THE RIGHTs CHECK SIMULTANEOJS
C IF THE DELYVERY POINT HAS BEEN REACHED

770 LL1=LL+]
00 771 J=LL1,NPS
NNPS=J
IP(NPsJsl)=TIPINP=-1yJ,1)
IP{NPy 2 )1=IP(NPyJ=-1,3)
IP{NP3Js3)=1IPINP;J,2)+IP(NP=1yJsb)
IPINPJy&)=IP(NP-1yJds4%)
IP(NPyJsS5)=IP{NP-14d+5)
IP{NPJ5)=IPINP=~1,J:6)
IF{IP(NPsJs3)eGE.LIMIT) GO TO 780
790 GO TO 771
780 TPINP.J3)=LIMIT
IP!NP;J,E":O
IP{NPl b )=LIMIT-IP(NP,J,2)
GO TO 800
771 CONTINUE
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NPS=NNPS

LLM=LL~-1

[IF{LLMsEQsD) D TO 811
DO B1lO J=1,LLM

DU 820 K=1l,6
IPINPsJdKI=IPINP=19J,K)
CONTINUE

CONT INUE

RETURN

END

DATE

T1355

16723717
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SUBROUTINE PSTATL
Ay
C THIS SUBROUTINE UPDATES THE PIPE STATUS [IF TYPE 1
C INTERFACE TS CREATED.
C
COMMON IP(3042546),INX{30), IFACE(30)NREF(30)
COMMON TZ NBVOLsLOCoLLsNPyNPS,LIMIT
c
INX{NP)=1
c CHECK IF THE VOLUME TO BE PUMPED REPLACES THE ENTIRE VODLUME
c TO THE RIGHY
IF{NBVOLs GE« (LIMIT=-LOC)) GO TO 530
GO TO 540
530 NPS=LL+1
IPINP,LLeL 1) =11
[P{NPyLL*1,2)=LOC
IPINP,LL+1,3)=LIMIT
IPINP,LL*1,44)=1P(NP=-1,LL,1)
IP{NP,LL#1,5)=0
IPINP,LL+1,6)=LIMIT-LOC
GD TO 535
C NEW PRODUCT DOES NOT REPLACE ENTIRE VOLUME TO THE RIGHT

540 IP{NP,LL#*1,1)=1Z
IP{NP,LL¥1,2)=LOC
IP(NPLLL+1,3)=LOC+NBVOL
IPINPyLL#1+4)=TP(NP=-1,0LL,1)
[IP{NPLLL+1,5)=IP(NP=1,4LL,1)
IPINPyLL+1,6)=NBVOL
c UPDATE STATUS OF SECOND PRODUCT TO THE RIGHT OF LOC
IP{NPyLL#+2,1)=IP(NP-1,LL,1)
IPINP,LLE2,2)=TP{NP,LL#+1,3)
IPINPSLLEZ2,3)=IPINPLL+2,2)+(IP(NP-1,LL,3)~-LOC)
IP{NP,LL#2,4)=IP{NP,LL+1,1)
IPINPsLL+2Z2+5)=IP{NP=-1,LLy5)
IP{NPLL+2:36)=IP(NP,LL+2,3)}-IP(NP,LL+2,2)
IF(IP{NP,LL+2,3)aGELIMIT) GO TO 551
GO YO 561
551 IPINPsLL*2,3)=LIMIT
IP{NPyLL+2+5)=0
IPINP LL#2,:6)=LIMIT-IPINP,LL#+2,2)
NPS=LL+2
GO TO 535
SECOND PRONUCT TO THE RIGHT OF LOCATION DID NOT DCCTUPY
THE FULL VOLUME. UPDATE THE STATUS OF ALL PRODUCTS BEGINNING
FROM THE THIRD,CHECKING SIMULTANEOUSLY IF THE DELIVERY
PDINT HAS BEEN REACHEDe

OO0

561 NN6=LL+2
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NNT=NPS+3

DO 570 J=NN6,NN7

NNPS=J

IP{NP,J#1,1)=TP{(NP=1,J=1,1)
IP{NPsJ#Ll32)=IP(NPyJ»3)
IP(NPeJ+143)=TP(NP=1:J-146)+IP(NPyJ+1,2)
[PINP,J+1+4)=TP(NP,J,1)

IP(NPyJ#) 45)=TP(NP=-14J-1,+45)
IPINP,J#146)=TPI(NP-1,J-1,6)
IFLIP(NP,; J+1,3}aGEsLIMIT) GO TO 580
GO TOD 570

IP{NPoJ#1,3)=LIMIT

[IPI{NPJ#*]l,5)=0

IPINP I+l ,6)=LIMIT-IP(NP,J+]1,2)
NPS=NNPS+]

GO TO %35

CONTINUE

UPDATE THE PRODUCTS BEHIND EXCEPT DONE IMMEDIATELY BEHIND

NNS=LL-1

IFINN5eEQs0QO) GO TO 555
D0 550 J=14NNE

DD 560 K=1,+6
IPINPyJeX)}=IP(NP-14J.+K)

CONT INUE
CONTINUE

UPDATE STATUS OF THE PRODUCT THAT IS IMMEDIATELY BEHIND
[P{NPLLL, 1)=IP(NP-14LL,1)

IPINPsLLs2)=IP{NP-14LL,2)
[PINPsLL,3)=LDC
IP{NPsLLy4)=IP{NP-1,LLy4&)
IP{NP,;LLySI=1L7
IP(NP,LL;6)=LUC*IP¢NP.LL,Z1
RETURN

END

16/723/17
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SUBROUTINE PSTAT3

THIS SUBROUTINE UPDATES THE PIPE STATUS IF
TYPE 3 INTFRFACE IS CREATED,.

COMMON IP(30+25+6),INX{30),IFACE(30)4NREF(30)
COMMON IZ4NBVOL,LOCsLLyNPyNPS,LIMIT

[NX{NP)=3

IP(NPyLLy L)=IP(NP-1,LL,1)

IP{NPoLLy2)=IP(NP=-1,LL1,2)

IP(NPsLLs3)=IP{NP-1,LLs3)}+NBVOL

IPINPsLLy4)}=TP{NP-1sLLs%)

IP(NPsLLyS)=IP(NP-14LLs5)

IPINPLLyO)=IPINP,LLs3)=IP(NPsLL+2)
CHECK IF THE PRODUCT TO BE PUMPED OCCUPYS THE ENTIRE VILUME
TO THE RIGHT

IF{IPINPyLL¢3)eGELLIMIT) GO TO 1028

GO YO 1030

IPINP4LLy3)=LTMIT

IP{NP,LLy5)=0

IP{NPsLLs6)=LIMIT-LOC

NPS=LL

GO TO 2000
THE PRODUCT PUMPED DDES NOT OCCUPY THE ENTIRE VOLUME TD
THE RIGHT., UPDATE THE STATUS OF ALL PRODUCTS T3 THE RIGHT
CHECKING STMULTANEOUSLY IF THE DELIVERY POINT HAS BEEN REACHED

NLN=LL+1

DO 1040 J=NLN,NPS

NNPS=J

IP‘NPQJil.]-'-'-IP‘NP—],'J,I)

IP{NPyJ421=1P{NPy,J-1,3)

IPINP;J31=IP(NP,J,2)4IP{NP=-1,J,6)

IPINPods2)=IPINP~-1yd,4)

[PINPyJB)=IP(NP~1yJ,5)

IP(NPyJ:5)=IP(NP-1,J,6)

IFIUIP(NPyJ33)eGELIMIT)Y GO TO 1050

CONTINUF

IPINPNNPS,3)=LIMIT

IPINPyNNPS,y5)=0

IPINPyNNPS:6)=LIMIT-1P{NP,NNPS,2)

NPS=NNPS

GO To 2000
UPDATE THE STATUS OF ALL PRODUCTS TO THE LEFT

LLNJ=LL-1 : '

IF(LLNJLEQ.0) GO TO 2011

DO 2010 J=1,LLNJ

DD 2020 K=1,6
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[PINP,J4K)=IP(NP~14J,K)
2020 CONTINUE
2010 CONTINUE
2011 RETURN

END

DATE

71355
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16723717
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SUBROUTINE PSTAT4

THIS SUBROUTINE UPDATES THE PIPE STATUS IF

TYPE & INTERFACE IS CREATED.

COMMON IP(3042546)4sINX(30),IFACE(30),NREF(30)
COMMON TZ4NBVOL4LOC,LL¢NP4NPS,LIMIT

INX{NP) =4
IP{NPsLL®1,1)=IP(NP-1,LL*1l,1)
IP{NP,LL#1,2)=L0C
IPINPSLLEL3)=[P{NP~1,LL+1,3)+NBVOL
IPINPsLL*1,4)=IP(NP-1,LL*1,:4)
IP{NP4LL+1,5)=IP(NP-1,LL+1,5)

IPINPLLEL 46 )=IP(NPLL#+1,3)~IP(NP,LL+1,2)

]

102
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CHECK IF THE NEW PRODUCT OCCUPYS THE ENTIRE VOLUME TD THE RIGHT

TF(IP(NPyLL+143)eGEsLIMIT) GO TD 1051

GO TO 1060

IPINPoLL#1,3)=LIMIT
IP(NPoLL#*1,451=0
IP{NPyLL#1,6)=LIMIT-IP(NP,LL+1,2)
NPS=LL+¢l1

UPDATE THE STATUS OF ALL PRODUCTS TO THE LEFT

GO TO 2500

THE FIRST PRODUCT DID NOT OCCPY THE ENTIRE VOLUME TO THE

RIGHT, UPDATE THE STATUS OF ALL PRODUCTS TO THE RIGHT
CHECKING AT THE SAME TIME IF DELIVERY POINT HAS BEEN

REACHED
LL2=LL+2
NPQ=NPS
DO 1070 J=LL2,NPQ
NNPS=J
IPINPsJs1)=IP{NP-1yJds1)
IP(NPyJ2)=IPINPyJ=-1,3)
IP{NP3J43)=TPINPyJ2)+IP{NP-1,J,6)
IP{NPs &) =IPINP-1yJs4)
IP{NP,J+5)=IPINP-14J+5)
IP{Ndegs’=IP'NP'J'3]-IP1NP'J12)
IF{IP(NPyJ93)eGELLIMIT)Y GO TO 1080
GO TO 1070
IPINPsJd,3)=LIMIT
IPINP,J,5)=0
IPINP3Jeb)=LIMIT=-IP(NP,J,2)
NPS=NNP5
GO TO 2500
CONT I NUE

UPDATE THE STATUS OF ALL PRODUCTS TO THE LEFT -
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DO 2600 J=1,LL

00 2700 £=1,6
lP(NP’JfK‘zlpth-1|J|K)
CONTINUE

CONTINUE

RETURN

END

DATE

71355

103

16/23/17
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SUBROUTINE PSTATS

THIS SUBROUTINE UPDATES THE PIPE STATUS
IF TYPE 5 INTERFACE IS CREATED.

OO0

COMMON IP{30+25+6)INX{30},IFACE(30),NREF(30)
COMMON IZ ¢NBVDL+LOCsLLoNPyNPS,LIMIT

C THE PROODOUCT TO BE PUMPED IS NOT THE PRODUCT ON EITHER
c SIDE JF INTERFACE
INX(NP)=5
[PINPyLL¥L1,1)=12
IPINP,LL+1,2)=L0C
IPI(NPyLL*+1,+3)=LOC+NBVOL
IP{NPsLL+1,4)=IP(NP-1,LL,1)
IPINPsLL#L+51=IPINP-1yLL,5)
IP{NP,LL*1,6}=NBVOL
C CHECK IF THE NEW PRODUCT OCCUPYS THE ENTIRE VOLUME TO THE RIGHT
IF{IPINPLL+1+3)eGELIMIT) GO TO 1053
GO 7O 1054
1053 IPINP,LL#+1,3)=LIMIT
IP{(NPyLL+1,5)=0
IP{NP,LL#L,6)=LIMIT=-IP(NP,LL#+1,2)

NPS=LL+1

C UPDATE THE STATUS OF ALL PRODUCTS TO THE LEFT
GO 7O 2800

c UPDATE THE STATUS OF THE SECOND PRODUCT

1054 IPINP,LL+2,1)=1IP{NP-1,LL+L,1)
IP(NP,LL#2,2)=IP(NPsLL+1,3)
IPINPLLE¥Z243)=1P{NPJLL+2,2)+IP(NP-1,L1L+1,6)
IPINP,LL#2,4)=11
IPINP,LL#+2,5)=IP{NP~1,LL+1,45)
IPINPoLL#2,6)=IP(NP-=14LL+]1,+6)

IFIIP(NPoLL#+2:3)GELLIMIT)Y GO TO 1055
GO TO 1063

1055 [PINPyLL#+2,3)=LIMIT

IPINPLL#2 46 )=LIMIT-IP(NP,LL+2,2)

NPS=LL+2

GO TO 2800
THE NEW PRODUCT DID NOT OCCUPY THE ENTIRE VOLUME TO THE
RIGHT. UPDATE THE STATUS OF ALL PRODUCTS TO THE RIGHT
CHECKING AY THE SAME TIME IF THE DELIVERY POINT HAS BEEN
REACHED

1063 LLM2=LL+3

NNQ=NPS+]

D0 1075 J=LLMZ,NNQ

NNPS=J
IPINPsJyL)=TPINP-14J=1,1)}

OO0
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IPINPJ2)=IP(NPyJ~-1,3)
IP{NPyJs3)=IPINPesJo2)+IP(NP=1,J~146)
IPINPJs&)=1PINPysJ=-1,1)

IPINP 2 o5V =IP(NP=-14J-1,5)
IPINPgJeb)=IPINP=1,Jd=~146)
IFIIP{NPs J43)eGE-LIMIT) GO TO 1085
GO TO 1075

IPINPsd3)=LIMIT

IP{NPsJ+5)=0
IPINPsdob)=LIMIT-IPI{NPsJs2)
NPS=NNPS

GO TO 2800

CONTINUE

NBR=LL-1

IF{NBR«ERQsC) GO TO 2950

DO 2850 J=1,NPR

N0 2900 <=1,6
IPINPJsX)=IPINP=-1,Jd4K)

CONTINUE

CONTINUE

IP{NPoLLy1)=IPINP-1yLL,y1)
IP{NPsLLs 2)=IP{NP=-1,LL,2]
IPINP4LLy3}=LDC
IPINPyLLy4)=IP{NP-1sLL+4%)
IPINPyLLyS5)=]I7
IP{NPyLLs6)=IP(NP,LL,3)-IP(NP,LL,2)
RETURN

END

DATE = 71355
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BEGINNING OF SCHEDULE NO: 1 1pa

PUMPING STATION PRODUCT VOLUME TYPE OF INFACE

ND. NDeo NOe PUMPED INFACE voL
BBLS BBLS
1 5 5 900 1 400
2 5 6 1000 2 200
3 5 1 1300 3 100
4 1 1 5400 0
5 2 1 1161 0
6 7 5 682 0
7 2 1 1000 0
8 7 6 941 0
9 3 6 1326 1 400
10 3 1 1336 3 100
11 2 1 1564 0
12 2 3 3590 1 400
13 2 2 1429 2 200
14 6 4 2853 1 400

THE PIPE STATUS AT THE END OF LAST PUMPING:

PRODUCT PRODUCT BEGINIMG ENDING VOLUME
SEQUENCE CODE POINT POINT BBLS
NQO. NQ. BBLS BBLS

1 1 0 1209 1209
2 2 1209 2638 1429
3 3 26138 6228 3590
4 1 6228 11979 5751
5 6 11979 13305 1326
é6 1 133058 19504 6199
T 4 19504 22357 2853
8 1 22357 31786 9429

END OF SCHEDULE: SUMMARY,

NUMBER OF PUMPINGS IN THIS PERIOD IS: 14

TOTAL NUMBER OF INTERFACES CRFATED IN THIS PERIOD IS: 11.00
TOTAL INTERFACE VOLUME CREATED IN THIS PERIOD IS: 2200 BBLS
TOTAL VOLUME PUMPED IN THIS PERIOD: 24482 BBLS

RATIO OF INTERFACE VOL T2 TOTAL VOL: 8.99 %



BEGINNING OF SCHEDULE NO: 2

PUMPING STATICN PRODUCT
NG NOe NO»
1 5 5
2 5 6
3 5 1
4 2 2
) 2 3
6 2 1
7 7 5
8 2 1
9 1 1
10 7 6
11 1 1
12 7 1
13 6 &
14 3 1
15 2 1
16 8 6
17 & 1
18 2 1

THE PIPE STATUS AT THE END DF LAST PUMPING:

PRODUCT PRODUCT BEGININ
SEQUENCE CODE POINT
NOa NOso BBLS

1 1 c

2 3 2601¢

3 2 2880°¢

4 3 31023

END OF SCHEDULE: SUMMARY,

VOLUME
PUMPED
BBLS

1220
1600
2000

786
2790
1625

820

189
1221
1056
6159
2532
2556
2580
1138
1752
4000
1897

G E

TYPE OF IN

INFACE v

B
1
2
3
4
2
3
0
0
0
0
0
7
1
0
0
1
0
0

NDING
POINT
BBLS

26018
28808
31023
31786

NUMBER OF PUMPINGS IN THIS PERIOD IS: 18
TOTAL NUMBER OF INTERFACES CREATED IN THIS PERIOD

TOTAL INTERFACE VOLUME CREATEN IN THIS PERIOD

TOTAL VOLUME PUMPED IN THIS PE
RATIO OF INTERFACE VOL -TJ TOTA

RICD:
L VOL:

VOLUME
BBLS

26018
2790
2215

763

1S:

41921 BBLS
5649 %

107

FACE
oL
BLS

400
200
100
100
200
100

400
400

400

152 11.50
2300 BBLS



BEGINNING OF SCHEDULE

NOo: 3

PUMPING STATION PRADJCT VOLUME TYPE OF IN

NOe NO.

P e et et o s b e
~NC WP WO O~ W N
MNOMNMNMNO WWSN =N =0

foy
o

THE PIPE STATUS AT THE

PRODUCT PRODUCT
SEQUENCE CODE
NOe NCe

O~ Ut W
e W N

NO. PUMPED INFACE v
BBLS 8

954
1624
2773
4537

120
1263

26

784
2199
1000
1331
1720
2503
3072
3gg2

513
1300
1004

P et B U e P s ON e et O s et W J] el et N\
FNANNHOF W OOO000~NO WM

END OF LAST PUMPING:

BEGINING ~ ENDING VOLUME

POINT POINT BBLS
BBLS BBLS
0 1209 1209
1209 2726 1517
272¢ 6608 3882
6608 14251 7643
14251 15582 1331
15582 29275 13693
2O2TE 31778 2503
31778 31786 8

END OF SCHEDULE: SUMMARY,

NUMBER OF PUMPINGS IN
TOTAL NUMBER OF INTERF
TOTAL INTERFACE VOLUME
TOTAL VOLUME PUMPED IN

THIS PERICGD IS: 18

ACES CRFATED IN THIS PERIOD
CREATEP IN THIS PERIOD IS:
THIS PERIOD: 31205 BBLS

108

FACE
oL
BLS

400
200
100

400

400
100
400

400
200
400
100

152 1550
3100 BBLS
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RATIO OF INTERFACE VOL TD TOTAL vOL: 993 %



BEGINNING OF SCHEDULE NO: 4

PUMPING STATION PRODUCT
NOe NO. NO,
1 5 5
2 5 6
3 5 1
4 2 2
5 2 3
6 2 1
7 1 1
B 7 5
9 1 1
10 7 6
11 1 1
12 7 1
13 6 4
14 3 1
15 8 6
16 2 1
17 4 3
18 2 1
19 4 1

THE PIPE STATUS AT THE END OF LAST PUMPING:

PRODUCT PRODUCT BEGININ
SEQUENCE CODE POINT
NOe NO. BBLS

1 1 D

2 3 21456

3 2 2542¢

& 3 2767¢&

5 1 31558

END OF SCHEDULE: SUMMARY,

VOLUME
PUMPED
BBLS

1112
1147
1892

735
2468
1957

656

834
1129
1135
4045

700
3231
2381
2372
1481
1500
4598
4000

G E

TYPE OF IN
INFACE v
B

1

2

3

4

2

3

0

0

0

0

0

0

1

0

1

0

0

0

0
NDING VOLUME

POINT BBLS
BBLS

21456 21456
25424 3948
27676 2252
31558 3gs2
31786 228

NUMBER OF PUMPINGS IN THIS PERIOD IS: 19
TOTAL NUMBER OF INTERFACES CRFATED IN THIS PERIODD
TOTAL INTERFACE VOLUME-CREATED IN THIS PERIOD IS:
37373 BBLS

TOTAL VOLUME PUMPED IN THIS PF
RATIO OF INTERFACE VOL TJ TOTA

RIOD:
L vOL:

508 %

110

FACE
oL
BLS

400
200
100
100
200
1600

400

400

IS: 9450
1900 BBLS
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BEGINNING OF SCHEDULE NO: 5

PUMPING STATION PRADJCT VOLUME TYPE OF INFACE

NOe NOe NG, PUMPED INFACE vOL
BBLS BBLS
1 5 5 902 1 400
2 5 6 1198 2 200
3 5 1 2065 3 100
4 1 1 5252 0
5 2 1 445 0
b T 5 661 7 400
7 2 1 1051 0
8 T 6 932 0
9 3 6 1270 1 400
10 3 1 1253 3 100
11 2 1 2409 0
12 2 3 3719 1 400
13 2 2 1335 2 200
14 8 1 1163 0
15 6 4 2630 1l 400
THE PIPE STATUS AT THE END OF LAST PUMPING:
PRODUCT PRODUCT BEGINING ENDING VOLUME
SEQUENCE CODE POINT POINT BBLS
NOe NG, BBLS BBLS
1 1 C 1209 1209
2 2 1209 2544 1335
3 4 2544 6263 3719
4 1 6263 12776 6513
5 6 12776 14046 1270
6 1 1404¢ 19504 5458
7 4 19504 22134 2630
8 1 22134 31786 9652

END OF SCHEDULE: SUMMARY,

NUMBER OF PUMPINGS IN THIS PERIOD IS: 15

TOTAL NUMBER OF INTERFACES CREATED IN THIS PERIOD 15: 13.00
TOTAL INTERFACE VOLUME CREATEDR IN THIS PERIOD IS: 2600 BBLS
TOTAL VOLUME PUMPED IN THIS PERIOD: 26285 BBLS

RATIO OF INTERFACE VOL 7D TOTAL VOL: 9.89 %



BEGINNING OF SCHEDULE NO: 6

PUMPING STATION PRODUCT
NO. NOD. NO.
1 S 5
2 5 6
3 5 1
& 2 2
5 2 3
6 2 1
7 7 5
8 2 1
9 7 1
10 2 1
11 1 1
12 7 1
13 6 &
14 3 1
15 2 1
16 8 6
17 2 1
18 T b
19 2 1
20 4 1

THE PIPE STATUS AT THE END DF LAST PUMPING:

PRODUCT PRODUCT BEGINIM
SEQUENCE CODE POINT
NOe NOe BBLS

1 1 o

2 3 17942

3 2 2113e

4 3 23445

5 1 27164

6 6 29239

END OF SCHEDULE: SUMMARY.

VOLUME

PUMPED

BBLS

1198
1622
2600

972
3196

422

154
1410
1970

103
4527

700
3486
2314

480
1900
2909
5000
3568
1600

G E

TYPE OF IN

INFACE v

B
1
2
3
4
2
3
0
0
1
0
0
1
1
0
0
1
0
1
0
0

NDING
POINT
BBLS

17942
21138
23445
27164
29239
31786

NUMBER OF PUMPINGS IN THIS PERIOD IS: 20
TOTAL NUMBER OF INTERFACES CREATED IN THIS PERIOD

TOTAL INTERFACE VOLUME CREATEC IN THIS PERIOD

TOTAL VOLUME PUMPED IN THIS PE

RIOD:

VOLUME
BBLS

17942
3196
2307
3719
2075
2547

i5:

40131 BBLS

112

FACE
oL
BLS

400
200
100
100
200
100

400

400
400

400

400

ISt 15.50
3100 BBLS
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RATIO OF INTERFACE VOL TJ TOTAL VOL: 7.72 %



BEGINNING OF SCHEDULE NO: 7

PUMPING

NO

L OTNSWN

10
11
12
13
14
15

THE PIPE STATUS AT THE

PRODUCT
SEQUENCE
NOs

—

END OF SCHEDULE:

O 0D~ 0PN

STATION
NOe«

W WWNNMNNNMNEA W,

PRODJCT
NO.

Al R CRTVRC R Y

VOLUME
PUMPED
BBLS

910
1084
1700
2000
1650
2522

630

504
1252
1369

598
1133

695
1400
1155

BEGINING E

PRODUCT
CODE POINT
NOe BBLS
1 o
2 12009
3 2461
1 4060
6 475%
1 5888
3 6486
1 7913
4 19504
1 20659
6 31582
SUMMARY,

TYPE OF IN
INFACE v
B

1

2

3

0

0

1

7

4

2

0

1l

2

2

0

1

ENDO OF LAST PUMPING:

NDING
POINT
BBLS

1209
2461
4060
4755
5888
6486
7913
19504
20659
31582
31786

NUMBER OF PUMPINGS IN THIS PERIOD IS: 15
TOTAL NUMBER OF INTERFACES CREATED IN THIS PERIOD

TOTAL INTERFACE VOLUME CREATED IN

TOTAL VOLUME PUMPED IN THIS PFRIOD:

VOLUME
BBLS

1209
1252
1599
695
1133
598
1427
11591
1155
10923
204

THIS PERIODL 1Sz

18602 BBLS

114

FACE
oL
BLS

400
200
100

400
400
100
200

400
200
200

400

ISz 15,00
3000 BBLS
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RATIO OF INTERFACE VOL TJ TOTAL VvOL: 16.13 %
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APPENDIX D

List of variables in the program used for

testing the proposed algorithm.



Variable Equivalent
notation
in the algorithm

AIFR Fijk(t)
AMAY Uijk
AMIV Lijk
DR Hijk(t)
0
FTM Tijk

TEMP T#*
DVOL vijk(t)
MPD i
LOCN Ck
APR Gijk
NREF k

n
NSTNS K
APTM T

n
PTM Tijk

X1
BVOL Vijk
INV Pijk(t)
NP n

117

Description

Production rate per hour.
Maximum safe volume.

Minimum safe volume,

Rate of volume reduction in
a tank while a product is
being pumped from it.
Overflow time.

Earliest overflow time.
Volume available for pumping.
Type code of a product.
Location of a station.
Pumping rate.

Station number from which a
product is pumped, during nth
pumping.

Total number of stations.

Minimum allowable pumping
duration.

Pumping duration.
Volume of product pumped.

Volume of a product in its
tank at any time t.

Pumping sequence number.

After NPth pumping, the six
attributes of the Mth product
in the pipeline are denoted
as follows:



Variable

IP(NP,M,1)
IP (NP ,M,2)
TP (NP,M,3)
IP(NP,M,4)
IP (NP,M,5)
IP(NP,M,6)

LIMIT

NSHDL

NOSDL

NPS

IFACE

FCNT

ITOTV

IADD

NOIF

INX

RATIO

Equivalent
notation
in the algorithm

118

Description

Type code,

Beginning co-ordinate.

Ending co~ordinate.

Type code of (M-1)-th product.
Type code of (M+l)-th product.
Volume of product.

Termination point of the
pipeline,

Number of schedules to be
generated,

Schedule number.

Number of products in the
pipeline,

Total interface volume in the
pipeline,

Additional number of interfaces
created.

Total volume of products pumped.

Additional interface volume
created after a pumping.

Total number of interfaces present
in the pipeline.

Type of interface created.

Ratio of interface volume to
total volume.



APPENDIX E

Flow chart of the program used for testing

the proposed algorithm.

(For detailed flow charts of interface counter,
print statements and all subroutines refer to

APPENDIX B)

119
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S
]

Read initial pipeline status an
fixed data.

NOSDL = 1
Read in
varying data

Identify the pro-
duct, calculate
pumping time, and
find the next
earliest overflow
time N TEMP.

any product
under overflow
condition?

Find the earliest over-
flow time, TEMP

pumping
time,
PTM > TEMP?

there any
priority product?

PTM = TEMP - TNOW

Fig. E.l. Main Program
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Can
product
PB be pumped now?

Identify the products, which if pumped, will
not create additional intef#face. Select the
product which has maximum volume, Designate the

volume as ATEMP

N

Identify the
Product

Calculate pumping time,
PIM

TNOW + PTM < TEMP

2ED ' PTM = TEMP -
v TNOW

Set the index of

this product as 0
and select one of
the other candidat

PTM < APTM

the selected
product pro-

Fig. E.1l. Main Program (continued)
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Calculate the waiting
time WTM

WTM + TNOW < ALTM? N, YES| WIM = ALTM -
TNOW

YES
WTM + TNOW < TEMP? WIM = TEMP -

TNOW

Set TNOW = TNOW + WIM;
Update tank status.

fig. E.l. Main Program (continued)



Pump the product; update pipe status;
identify interface created; print the
pumping details; Set NP = NP+l;

Set TNOW = TNOW + P + M.

Is
TNOW > ALTM?

NOSDL = NOSDL + 1

e

all schedules
generated 7

Fig. E.1. Main Program (continued)
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APPENDIX F

The program used for testing the proposed

algorithm.



ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
- COPY AVAILABLE
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7122

SCHIPULING OF GAS PRUCUCTS THRUURH A HULI=PRCDUCT
PIPSLING 3YSTEM,

THIS PROGRIM WAS WRITTEN TO TedT &AM ALGORITHR
DEVELUPED YTOR SCHECLLING GAS PECUUCTS THROUDEH A
MULTI=-RRULVCT PIPELIMe SYSTSM SUCH THAT THT INTL
CEPATED TS MINIMUMSSCHIUULIS AXT GeNe@ATE0 FUs LI
SUCCESSTV: PRODUCTICN PIRICES 0OF THLZ GAS PLAMTS
ASSCCTATEL WITH ThHE PIPELINT SYSTIMe THIS PROGLE G
CAM HNWEVED ,BE ADOPTED CASILY TC GINIRATS OMLY 000
SCH=DULE FPR 4 PROCLCTICN PERIUD.

A,

LONMUN TP(20C,25,63,IMx12CC)

CrvMnrt TZ,NBYOL LHC LE s NP e NP S, LIMTT

CIMEMSION ATFT (10,100, 2MAV 10,100, ATV LD Dl L2
Claepm SNy &l\‘l;O,lOJ,ﬁGP(lO)yLUC\(lU}'NPhCL(lU)
f[1““<!PW OFTH (LG LU EVOLELG 1O 3 MPODILOW1C) e TFALE (2200)
CIMPNSION DIFT (10,1004 APREIC, 10),50(2C0)

EMEMETR NREF 20U o INCIL1O, 030D

IMITTALTZZ THE INPLT CUTPUT UNITS £30cs5.

MCRACR IS OPARE READER ANME NPRNT IS THr PRIGT IR
MLPDR=]
ppﬁaT:g

TYPE OF DUTPUT.

TF MPAKM=1, WHITHER JPARM=C Or i, SCHIBULZ LETAILS
WILL £7 PRYHITED OUT In TARULAR FO2RNM.

TF MPARM=G, JPARM SEOULE HavE A VALUE = 1THoR O 0¥ L.
1IF JPARM=L, PIPE STATLS wWILL £ PRINTID CLT AFT o«
EVERY 5 PU PINGS. IF JPARM=T, 2I1PL STATUS WILL

PE PRINTZL OUT AFTLR cVIRY PUKMPING.

HOTZ: WHZN NPARM=Q, PIPE GTATLS WILL &3 PRINTZD (07
I WECTOR FORMS

NPARM=1
JPARM=0



I'v

-

A iy

) LE Mol aTe = 71352 126 Y A

FRARMAT STATEMENMTS

an FOPMAT(ALTLO)
L6 FRRMATISFIO.)
FORMATIPL " 95X "OEGINNING OF SCHELULE S0, 173
BOOFOOMATII0Y 5%, "TANK STATUS AT THE Lz3INaNTAG OF SCHOUL B )
SOEFR FORMATLIPO 35X "STATIONY &4 Xy "TANK HC T 34X "MAXT WL Y gk, v ]
bR VTNMTL VOL ' 5Xy "PROL RATE T4 Xy MWWFLI TIME /" P20k, 1 LS
JE RGP BLLS Y o TX ' OBLS Y 3 TXy *EBUBLS/LAY 'y 9%, YHRS Yy /)
AELT FORLATLY .!5:(!I418x,1‘|‘77xQF'T;{'Z!QXQ*'?'ZQQXQFBDE'\{)XQFlfl.'1T"-'i'"}l._’
AT OFORSATOIO 5 X *MINIMUM ALLOWABLE PUMPING TIMAIY k8.2, CT00T 01
BHECC FORMAT(Y v ,.5X, "THE PRUCCUCTICN PERIGE IS8*,FBeZy ' LU
GTC FORMAT(91 ' ,50%*THE DETAILS (F ThHT SUFZIDULE ARE: ')
waldé FORSATIION a4Xy "PUMPINGY 92X 3 *STATICNY 33X, "PRCDUCTY y oK o P 5THTTNGY
TAX g PP IMISHTIUNC ! 93Xy "WOLLMEI " 33K, 'TYPL OF V43X PTNFACT Yy ok "1 AT T 10 4/
e VAN MO Y, (BN INCY ) g BA Y TINSY g Xy Tl yoXe "PUMP LY, 4
B Xy WOLY y£X, "TIME Y /0 V36X PHOUARASY 36X "HCURS Y 40X, " HEL
GEVLLXLWVHNYRS Y /)
PG OTORMAT(YO Yy YEFRORITHWA TANKS ABNUT Td OVIKFLOW AT TH= Sf0 TIn_ %)
DVE FORFAT (YO, BY, YERRORIPUMPING TINE IS ZRUAL TC Ok LFSS Tt L4
SOLC FNE8AT N, 5K PERRORITHE VALUME GF PRUGUCT I TAGK LY 1047 sTAT
II0N v 124/ V4P EXCIELS SAF: MAXTMUM. THE ViOLUM: 1510, 42)
JE3G FMAMATEY T, SAGTTCTAL WAITING TIMz T85: VYeFoe2s' FSUKS')
taf, FMEMAT(Y ', 85Y,F7e2) :
S04 FURMAT{V0" s 5X5 YERROR: THE VOLUME IN TANK HOP, [2,"3 76T Muty,lé,
LIS DELOW SAFFR /T VL INMIKRIMUNSGTHe VOLUNME [S'.FBes)
FEC O FORMATOIOY,S5x, VPUMPING OCCLRZD AT STATIOH ACel1')
3P0 FURNATUYO ! 45X, "PUMPINGC OCCURZL AT STATIUN ®MO«Z')
L0 FURMAT(Y0O" 45X "PUMPING GCCURZL AT STATION ANCe3')
JL2C FOPMAT(rO %, DX, "PUMPING OCCLRID AT STATION NCeB')
Gaal FOAMAT(IDY 5%, YPUMPING OCCURIT AT STATINY NCe&1)
e FOPHATIYOY 59X, "PUNMPING OCLURLZLC AV STATION NCWe7%)
1654 FOPHATIYO Yy SXe YPUMPING OCCLRED AT STATTON NCea')
FORMAT O, 5 YPUMPING OCCLRZL AT STATIGH MG.9Y)
FOUMRAT(YO 95X, "PUMPING OCCURZL AT STATION NO.8')
FORMATLY 1,85X, "WOLUME PUMPZL:2Y,1i0)
FURMAT I T4, 35X V(BVOL="yF1l2.5," 17)
FOPHATIY t,5X'THE PRULUCT PUMPEL:*'s13)

Lal

A

oo b
FE I IS 14
~ o~

i

taa

SRRV ¢ B B B TS B WS RN
iy AR o
3
5

3477 FORMATEY Vo 5x, YTIME AT THE START UF PLMPING IS:1',Flzel)

2471 FOREATLY 9,5Xe "NOLOF FCURS THY PKUGUCT 15 PUMPED:Y 3 F 1z e)

FRL2 FOEMATIOY ',5X*VOLUME TN THIS TANK AT The ohD OF PUMPIT STt F o)
3513 PORMATLY Vo SKy'"MAXINMUNM VCLUMI IN THIS TAWKIT,FlZe%)

3G 4 FOEMATLY 4,054, YMINIMUN VOLUMD TN THIS TANK:I'4FL1l2.5)

ILLE OFOPMAT (Y Py TiXe *PUMPING OCCURLE AT OVIRFLGW CunDITIw ")

IREE FORRATL'DY 5%, " THe PIFE STATUS AT TH. EN0 CF LAST PusPL 5t}

2677 FORMAT(INDY ,5X, *PRODUCT SEQUTENCT N3tV ,12)

FURH0

FUFMATIY 1ySXa TPt 13,0y iZe sty 12,020, 110)



bk O i Mo Y s

)
I

3 o

3

T

R e

IS T

i\

e YD OFLTMATOY 9V ,5X.'TCTAL VOLUME PUMP TN THIS P2RICLY, IE

. . 127
47 L= ML N DAT: = 713%2 13/t 0

STTE OFLTHATOID Y o P TYPE GF IANTEIRACE CREIATZLI Y, 150

SETT R RATEY Py ax, PADWOF INTERFALLS THIS STaP:t,I1)

ARELORCEEATEY 9, S5Xe YACDITICNAL TNTIHFACT VOLUSS QUL TU LasT Povpir i,

Li%st HBLS')

0 FUORMATIY *59x "TOTAL INTERFALL SU FARKI', 16, BRLSM)

2ATE FUARATEY V5, YTHTERFACS VOLLFMT aT ThHE LIRSS OF 5CH L. 17,
Lifet BELE")

SAGT T MATLY Y, oax VTOTAL VOLULME FUMPCLR SU FARI T, I8, sPhLn")

_'.?:n,rlFr'!'i’.f“.r'.fT{' '!b?‘!I?JQZ‘&X!I?);{)x;Ff\ug,;SX‘F'(')oZ'f-‘sxfliryu’(1I.A“)

TTELRCRRAT (140, frY,[3)

o FURAATLUYD Y 3 A "PRUDBUCT Yy Xy TRRNDLCT yaX,y *HeGIMItot saXy V7 ] 13,
LXK s YVOLURMT Vo f Y 0, DXy "SCQU INC LT o b Xy YEULEY TRy VPRI INT Y g en YU NT Yy
CTH G TRELSY 3/ VL BXy "NV GXy VD VG BY G ORL S, TG VHRBLYY 4 /)

Chne FORMATLY Ve 3Ae Il piOXyI24TKy169DXs1644%,16)

Sl FOEMATIY P SXe'E%0 OF SCHeDULZY SUMMARYW')

U0 FPRMATINO Y, X, THNUMBER CF PUMPIMGE T4 THIS PERIND IS5tv,!7)

EA20 FORERAT(Y 75 'TO0TAL MUMBZR OF IHISRFaCes CREATER T ThHIF PIAIaD

LTSV F6el)

Sy FOQMAT(Y 0,54, PTOTAL INTERFACE VELUM: CRIZATZY IN THTS 020100 jS

_Lq}."r"g' BRLSY)

L]
’
FIPaAT(t 9,5, P THe SCRIDULE PORICO TSIV eFTely4 22X PHELALT)

A PECMAT(Y 145X, *TOTAL ICLE PEIIND OF PIPcL NG GURISG SCTHILHL 1Y,
ifGely? HOURSY)
AL FORMATEY 9,54 'RATIOD CF INTERFACE VOL To TUTAL VOLt',roel,y! V)

AU PRI NATIM 56, VINTERFACE VOLUNMS &7 THL START OF 4ILT SIH-CUL 3T,

iTALY BBLSY)

READ Tily THE DETAILS CF PUNMP STATIENS AND GAS PLINTL,
VHICH AR:2 MOT CHAMCED FR(M PERIGL T PERIGE.

SAPLAYATICM OF VARIABLES:

HETNS: NUeTIR OF PLMP STATIONS IN THE SYSTIM.

LIMITeTERMINATION FCINT, [N BILS OF TH= PIP=LI 1 .

SHSHERL: HURPZR OOF SCREDULEZS TO Bre SrsenaTids

MOPLT): NUMBER OF PROCUCTS STORED AT STATION [a

LOCNUIY e LPCATION, IN TERES OF BARRZILS HLF STATID e

FPOMT,dd s TYPED CODE OF PRUSULST STIR:D I[N TANK Jy AT STATIOW 1.
APR(I,4): PUMPING RATE (OF THE PLMP ATTACHZIO TU Tadk ot T STATION
AAVLT 0 MAXIMUM SAFE VOLURE OF TAMK Jy AT STATIL G T

AMIVIT J): MINIMUM SAF: VOLUMG OF TANK Jy AT STATINY 1.

NOTES ALL VOLUMES ARE In dBLS;TH: PUNMPIANG RA&TE LS *DLL/HA.

AEAN (NCRDR47) NSTNS,LINMIT,NSHDL
TG 25 [=1,M5T"S

FEADLNCRD?y43) NOPLIY,LOCHN(T)
MNat=NOPLD)



Tv

Y Cr

o

v d

Y

R AT Tt

CYryqOy Oy i

|

(9]

&

DOLDMCRDR 4 4Y)
FAD(NCRDR , 46)
FOAD(NCRNR g4 E)
CUAD(MCRER g 8)

2% Cui I Mus

APTM:
ALP4& e

ADTH= 30,0
AL PG =090

MOW READ QM
IS GEMiRATFRD
HPSt NuUME P
THE INITIA
FOR
IPtlyde =
IP(1,d,2=
TP(lyds 3=
IP(1,d44)=
IPliyde5)=
IP{Llydyed=
MOTES J=147,
[0 26 JI=1yMSTMS
“Y=pOPA )
FIADUICRDR $ &6
o LOMT INUE
re AT INCRDR ,45)
[ 74 ]:]_,'\'Pfl
SUOAN(NMCRDR s 65)

J& CLMTIAUE

#IADINCROR 40

MOSCL:
MEEE(L ) ?
2ERI-TH

[MX(1):

ALTM:
GIFR(T 4002
FE(LI,Jd): THE
WHON PRODUCT
ALFA{T,J):
AFTHMIT,J):

Ty

MIGIPUM ALLOWABL =
LIMITING
TAaMK AT STATIGHN

THE

CF PROCLLTS I
STATUS CF
PRODUCT J IN THE
TYP: COLE
STARKTINGC CO=-CRCINATC
=NDING
TYP=
TyPe COLE OF
VOLUME TA

PROLUCTIUN PIRICED IN
INPUT

TPUT RaTe TC
OVERFLOW TIME

128
MA TN DATL =

(MPD{T+d)ed=LyANL)
(APRII»J)yJd=1,0N1)
(AMAVI Ly d) g d=reivil i)
(AMIVI,JYed=i,001)

PUMPING
PERCENTAG:

TIMZy Tl MIMUTZZ
VCUN D CF MAKTMUM VOLUME U

‘A\.‘ f-_] *'a

DETAILS AZGCUIRZD RB=FO<l zalH SCHEDUL -

THE PIP:
PIPILINL I3
PIPZLING,

L1%=

RzhAd Iy AS FoLLarel

IN TzZOMS JOF BgBLs
CC-CRLINATEZ IN ToRMS CF 20LS
COCE CF J-1TH PROCLOT

J+1TH P=OGUCT

LBLS

.lll.l.l"\\jps

{AINVII JY) s d=1,K1)

NPS

(Iptl’J’K)’Kzlyf’.‘.)

[FACZ(1)

SCHEDULE NO
STATIUON FRCWM
DLEPING

wHICK A PROLULCT WAS PUMPID DU-T. .

Pukef i

CRPEATED  AFTHR Z=RE-TH i
BOURS . :

TANK Jy AT STATIWN T
FecDUCTION RaT:Z 0OF VUOLULMe IN BBLS/HY,

IR TANK JypAT STATECH 1 Is PUMPED.

TANK JyAT STATION Iy I uBLG/V.

IN HRS FOr TANK Je&T SVA7T1 00 T

OF INTERFACC

IN BRELS/CAY 10

71352 Lo
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U S MATH DATE = 71392
NCSDL=T
NREFTLY =0
Pdtz)=0
RHTY MO THAN OME SCHZDULZ T& 62N

KTEE AT 4
c

n
4 A
PRUSSAM COnNTINUZS #5000,

“ACH
MCektTe

FIMT AFT2d
STATEM=NT

SCHaDULE TR

AT TAUUNERDR,46) ALTM
730 [=1,NSTRS
AnT=NOPIT)
228D (NCRORy4f)

S CHNTINUE

{DIFR(I4Jd)sd=1,4NNH1)

MOOOTHZR OFTA IS READ IN AFTERK THIS STATZMINT.

TR T, d)r TNDEL TC INCICATE WheTHIS PRUDUCT Ta TARK Jy

AT STATION 1 IS5 AVAILABL: FCR PUMFPINGs IF ITHD(IyJdd=i,
T PROCUCT IS AVAILABLESIF IT I35 =QUAL T o TH: P& 70T
NOT AVATLATL .
Cop In I=1,M5T0S
ANE=MNOP(T)
O 71 Jd=1,%N8
tiiii, =1
AIFR (T ) =DIFP (140)Y/24.0
PRI o J)=APR (I, )-ALFR(I,J)
IFEDIFRIT )" 0e0e Q) CGC Tu 5%
CETM(Ye )= (Al VITad)=AINVIT, 0 )/ALFRUTd)
ccoTe 1
2 TFTRMTJd)=9950G.00
T COHTIMUE
TCOCHNTINUE
HEPTMeIN T ALLOWAELY PUMPING TINE IY HEUPS.
TIC FRTR=APTM /LGP '
THE FOLLMLTNG STATENENTSy TILL STATEMTINT 0wae b LLY
IF TadK STATUS IS INITIALIZED AFTLR AVIRY SCHIOUL .

TRIVNSSLef02) GO TO 4l
FEEL0SCLEC.a) GO TC 42
TECANRSDL =0y GO T 4z
TF(HOSDL G286 G TO 48
LU TO 44

Gl ATV 4,1Y=T400.00
£ TO A&

22 TNV (4,13 =2T7400.00

17 .
T

Y PPN E

Ly

i TTT 1
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Con e U Tl
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46

e
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' , 130
1R MALN DAT. = 713257
AUV A4, 2)Y=320 P0G
CL T 44
ATV (4,1)=10400600
1ML, 1)=330"MCC
cooT0 44
ATV (442)Y=23600.00
PRINT SCHOTULE NOeo o TANK STATUS,#*I ¢IMUY PUMPING TI07
AND PROLCUCTICN PERICD.
L TTT (NPENT, 575680 NOSEL
WAITT {MPRNTLR0)
WRTTS [HPRMT,2466R)
e I=1 4NSTHS
NEEMOPLT)
[0 62 J=lyH4
WRTTE(NPRNT y5F6TY Ledy AMAVII, ) aMIVIT )y AINVITd) s [
LFFTMIT, N
CoT LMY=
CONTINUE :
WA TTI(NPRAT,03) APTHM
WA ITE (CIPRNT o 2FG0) ALTH
TRIPAYTG0Y GO TA &5

PRINT THZ TITLES OF PRINT CUT

W17 (NPT $£76)
FATTEANPRAT g7 )

THGW: PRESTIT TIME.

NPt PUMP A SEQUENCc NO.

FCNT: TOTAL NUMBER CF INToRFACZS CRIZATEL IN A 5CH.LHL
ITOTY: TGI2L VOLUME OF PROGUDUCTS PUNMPED IN A SCHIOUL ™.
WPAJST NUMFEZR OF ICLE PERICDS BIFNRZI A PUMPING.

WTM: WATTKRG PERICD €CR ICL: PZRICC.

NOC1Y: THICS IS EQUIVALENT TC BETA IN THE

ALGORITE . -

TTPS: TOTAL IDLE PERICD I SCHZCULZ,

Ti0W=0.0
ap=2
FENT=0aD
1TATVY=0
N2EUS=C
WTH=0,0
A1) =0
TTPSE=0.0

AT TNDW CHFCK TF AMNY TAMK IS ABCUT TC OVzRFLCW.

Lafel

{Ted)y
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WL LR MATN DAT: = Tl1l3s: Lif2./16
1F THZF": T8 Mz CEEDUL: IT WITE PLUMPLNG T IM:
~UAL TR wYNIMUM OF TIME TaK=ZhN TO scACH BUTTOM S4F-
EOVEL AMD TIFFERENCE IN TIM™ BoThze N THNOW AN w7 X
OVERFLGW TTME

50 MO{NPY=0
T3 65 J=1NSTMS
APROGT)))=0

ra CONT TMUF
I1=0
JJd=0
CIT 100 I=1,N5TNS
Kl=mMnPlIY
Lo 108 J=1,K1
IFIOFTMIT  J)aMZe THECW) GO TC 1CH
ACINPYI=MO (NP Y4+
[1=1
=4

0% COMTINUE

L CAYTINUE

FIMOD THE cfRLIEST CVERFLCW TIkc

[IMP=99990 .00
[ 120 I=1435TNS
pI=HOP(T)
T 12% J=1.K1
TF(GFTMT o JY e LETEMPY GO TC 130
CO Ty 125
TMP=CFTMIT,4)
ELOMTINUE
LAC CONTINUE
TRINOIMPYFQsM) GO TO 3CC
IF TWO TANKS AKE AECUT TO CVERFLOW AT TH:z SAM:
TIMZ REPIORT AN ERRCR ANL STOP.
IF(RININPYAELTY) GO TO 101
fiT0 118
101 BEITEINPRAT,L1Y0)
o TO 6600

S BN S |
™o

AS NQ PROLUCT IS ABCUT TU CVERFLCwy CHZCK

FAR PRINRITY PRODUCT,PRODUCT PRLAND 1F THESE

CAM O NOT Be PUMPED: TRY TO PUHP A PRODUCT wWHICH, IF PLNMPTL
WILL NOT LFATE ADCITIUNAL INTEIRFACS. HUOW:zVER, FISST
SCAN TH<® PTPZ STATLS AND ICENTIFY TH: PRCOUCT

TN FROINT OF EACH STATION.
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I 2 MA LN DAT=- = 71552 YA AN
L0l 308 T=1,H8THS

[0 310 J=1,4NPF

i

FOOIPUMP =13 de2) a LT LOUNLI) Yo ANGa {LLIPINP=L o dy3) STl lin wE YY) 30, 70
LEga : '
£OTC 310
AVOID MAKIMG TYPE 7 IATERFACE
LR TFLT-50%) 5o TO 309
[FCCIPUNP =L s ds ) aGT e (LCCNILI=Z0GI ) 2idR e {IP(NP=19ds 3 e LTl LI+
ity GO TC 205
SCS APRODIDI=IPINT=1,0,1)
COTE 304
o0 CaMTINUE
SR COMTINUS

IF TWD DIFFERENT PRCLOUCTS FOLLOW UNE ANOTHOR pa i
TH: SAME STATIUN ThE INTo#FACE CReATCS IS OALY
OMNEs THERZFORE TF FREVICUS BUMPING CCCUREZO AT Qv
FLOW CONDITION SCHeCUL.S THZ PRODUCT FROM THE 1aXT
TANK IN THF SAME STATION [MMILTATILY.

THIS PRODUCT IS KNCWN AS PATONITY PRODULT.

S5 TR (NDINP=1)eCel) GO TE 327

4 IT IS RFQUIKED THAT PB SHOLLC ALWAYS Bf FLLLGw . o
AMD PRECEZTED BY Ky ARCTITIRARILY IF PR OVOLUMY 17 175
TAMK IS ABCVE ALP4 TIMES ITS5 MAXIulUH,AriL

IF K IS Ix THe PIPE IN FRONT COF CGCLDSBY PUFP PP
FROM GAOLDSI Y.

SOTF{{AINVIH41)eGoe {ALPA%R3OU0 U Y e ATIL« (APHO oY e 20«1 )Y Guv 00 T,

-

STLECT THE PRODUCT WHICH,IF PUMPED, wIULD NOT LRE AT
ACDITIONAL INTERFACE. IF TRAR: ARE MURZ THAN UN L
CANDITATEZ TPRCODUCTS, SELSCT CNE WITH MAXTIHMUM VULUN T

DVYCLIT,d): YOLUME CF PRODDUCT 5 IM TANK Jy AT STATILL
I AVATLABLT FCR PUNPING.

ATCC U0 316 I=1+eMLTNS

Ki=nOP(T1}

£ 317 J=1,K1

TV AT D=8V, D)=ANMIVII D)
<17 COMTINUE

sTE CONTINUE

5310 ATEMP=0e0

Cd 326 I=1,N8TNS
Ki=MOPL{T) ’
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1 e ; MATN LAT: = 71352

£ 330 J=1.K1

IFCIDVOLlT s elFoetra0) e ANC{DIFRTI4))5Qe0eG)) G

TFUIMEC{T+ ) Ca0Y GO TC 320

TF{APL{ T ) e =T o NPRODCTI) GC TC 349

CoT10 330

IF (DVCLIT,J)GE«ATEMEY GO TL 450

Ciy 700 230

1i=1

<J=J

AT MP=nYaLL ,0)

£oTn 125

COMT INUT

CLNTIAUT
1F THE VULUME GF ThHSE CNLY PROLUCT THAT AN 8=z
MOW IS LESS THAN 6 PELS,ywAIT TILL $O&:2 PRODUCT
OVERFLOWe HOWEVER, IF THg SEZLeCTZD pPRADUCT IS

STTTING ThT AVAILARILITY INDREX o IMD{I.Jd) GF
ALREANY SELECTED PRCDUCT ZQUAL TU G
TH{ATIMPWLZaca0) GO TC 89CO
o 10 115
IFIIITeFEN0) o NDalJderCe0) ) GO Tu 2941
TF(DIFR{TTI,JJ)20060) CC TG BHEEU
W THe TEMP=TNORK
TF((THNW+WTMY o G2a ALTM) WTRzALTH=TNDW
CLOT B8TO0
T IT.dd1=0
[1=0
JJ=0
CC T RBIO

PRODUCT P2 IS5 SELECTED.

It=6
JJd=3
CH TN 115

PRIORITY PEFUDUCT 15 SELECTADT.

[ 228 TI=1.MSTNS

K1=MEP(I)

Ly 226 J=1,.Ki

TE(ILNCANL I) 20 L0C) s ANCo {MPDIT4J)eEQ.TZNIEO T
co T 329 .

I1=1

Jld=J+l

£r 70 332

CoaTINUE

L

)
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18 MATM JAT TL352
CONTTINMUE
[TF(JIGSTMNOPOTINYY Jd=0d-2
TFOOMPDITI T ¢ JJ) eCQeldelRe(JJeZQa0)) BC T2 335
0 NNT PUNMP THE PRICRITY °2RODUCT IF IT IS =07
PRODUC =N IY THIS PERICD.
TFIDIFRITIZJUYeEQa0eC) GO TC 223
cooTr 1is
[1=0
JJ=0
oeoTn 315

CALCULATE PUMPING TIMES

CPTE=ATAVIT T, J) - (AMIVITT,JJ)+5.0)) /TR(OIT,Jd

IF CALCULATED PUMPING TIML IS LISS

THAN NR E¢lAL TO O REPORT Ay zZrRROK AN 874D,
[FIPTHeLEaDe) GG TO 118
£OTO 117
W ITE(NPRMT 4 126)
£0 70 6000
TEFO(TNCW+PTM) «GT«ALTM) PTM=ALTVM=~TNCW
TFUITHNOWHPTM) o GT« TEMP) PTM=TMP=T:/iCh

TF THE PUMPING TIME IS L=SS THAN APTH U0 HNOT

PUMP THZ PFODUCT. CALCULATS TidZ WAITHS TIME (7H-
TOLE PERICT OF PIPELINZY, UPDATE Thi: TAMK STATUL
AND GO RACY TO STATEMENT NCe9ds huweVER, IF TH:
PRODUCT SELeCTED IS NCT PAIDUC=C, CHCES: OANg OF TH.
NTHER CANCTDATE PRCOUCTS.

TFO(NOINP) oG e OioAND.(PTV LT«FPTMY)Y GC T3 132
T0Ta L34
IF(DTIFR(T14J3)«E00e0) GO TH 865C
WTM=(APRIIT 4 JNIEHPTMILATFR(ITLJJ)
TFELTMOWH WTi4) e GToALTM) WTM=ALTM-TNCW
TELITNOWHWTHMY e GT « TEMPIWTM=TcMP=TNOW
G 136 I=1,H5TNS
1=iNP{ D)
1 127 J=1.K1
(DIFR(I,J).FQ-O.O) GO T 137
TNV LT DD =ATRVIT, DIHATFR{ ] 4 J)FWTH
1F UPDATEZL VOLUME IS 9 BBLS GRIATZR  THAN MAXIHur
REPAORT AN FRROR ANE STOP.
TFIATRVIY 3 )« P20 tAMAVIT 4 J)+5.0)) GG TL 5000
DTG 137
WRTITSINPRIT 20100 TaJdeAINVIILd)

£
F
[
I

Lag22/00
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ATZ = 71352

e

i MA TN

C6 TG €00

CONTINUE

CunTIRUR

NPARS=TIPAUSH .

THW=THOW+WT "

IF (THOWS DS AVTMY GO TC 3593
CnoTin s

TE (MPAUS «FLeMY GU TH 142
TF {“PARML Q.Y GO TO l&l
WRITZCPRYT, 076) wWTM
reoTr 5%y
WOTTI(NPRYT 1460 wTM
TTRE=TTPS+WTH

VL =PTHRAPR(TI JJ)
MEMOL=RVOL

LI =LGCNIT ")

P 7=000(TT,.00)

CALCULATZ THE hcw INITIAL WILULW. CF THIS TAIK
AND TTS COVERFLUOW TIME,

T AT L d ) =a T8I T JI) =LVl PTUxA TF 0T, 30D
IF UPHATED VOLUME IS 5 2aLS LedS Thay sDILMGM SO0
FEFORT AN TRROR ANL STiiP.

[FCATNY LI Twddd) e LESCAMIVITE,yJd) =500 S T1) 5020

ST 5030

RRTTELNPRNT504C) ITydsAINVITT )

COT0 6000

FFIDTFR(I T, dJYa2Qels0) GO TL 143

135

EET A

CETMLTT o d JY=TMOW+PTMALAMAMY (T L2 D) =20 W [T, 00X AT (LT, 00D

LPBATE THE VOLUME I ALL ThS GTHZY TAIKS s
CO1 35 I=1, HETNS

kKi=(02101)

O 140 J=1,4K1

TFI(T 220 lIde?NleldeEGedddY S50 TL 14U
TEIDIFALT 4 0)TQa0e0) GO TU 1sC

ST s JY=AINYL T I +ATIFRITLJIEPTN
TECATRNY(T 3y DV e P2 lAMAV (T, JY45.00) GC TO 5450
0T 140

R TTEINPINT L8010 Tede 218V

TLOTO 6000

COHT I MUS

o7 IHUS

LBAUS=D

VTM=Ga0

aflEN e



v & L=v~L 18 MATIMN DAT: = TL2>2 LA

C FROM TH= vALUS JF IT LUCATL Tk 211427 Y.
LEL NIRRT
C
L
" UPDATZ TiHe PIPE STATUS.
i
L
L I7 1S THE PROCUCT INCEX THaT IS TRANSHITTZL Fedm
g, MATN PART
£ LOC IS The LCCATION TRANSMITTLS
L IPIS THE PUMPING SEQUCNCZ {0
C NEVMOL IS T¢Z VOLUME TQ 80 PUMPAEC.
C
C STNCE THE TYPE OF PRODUCT IN THZ PIP: AT THS pUNME L,
. LOCATION [9 NOT STCREC SCPARATALY FIRST FIMD THT PRy
G ITF WF HAavZ AN INTERFAC. 200 3TaT=# nT 10C0
"
S0 T 501 K=l 0PT
LL=K
TROTP{4P=1 K,y 2Ya B LCCY GC T 10CO
LOL COMT IMLE
& SINCE THART IS NO INTERFACT ILFANTIFY Tre DRyoulT
SLE DG 310 K=l,4PcT
LL=K
TFOLTIPINP —LeKe 2o lToaLCC) e AND(IP(MP=14Ka3)aGToLOL) Y 50 T 524
S1C CNNTINHUER
L LL MNOW GIveS THE PRCODUCT SZ4UeENCs W
o CHZCK IF A& NZW IMTERFAC: 1S CRSaTITED
el IFUTIPINP=TyLLs122cQelZ) GU T 750
. MEw INT=ZRFACE 1S CREATEC
€ T0 8525
TAT CALL PSTATN
ChOTO 30010
575 UALL PSTATI
CroTo 3000
C TH> PRUODUCT TOC Be PUMPZC MAZTay ad INTZRFACS
£ IT IS5 POSATHRLL THAT THE PRCGULT T RBo PUMPELD [S Sa. .8
c Ao PRODUCT TO THe LEFT OF INTEZRFAC:
G by PRICOUCT TA THE RIGHT CF INTIRFAL:
r Cso NEITHTR OF THzSE TWC PRALUCTS
C

Lo TF(IP(MP=1,LL,310«EQ«TZ) GO T2 1010
G O 1020

TONE CALL PSTATE
onoTr 30095

s C TRATPUINP=L,LL41,1)eECQe12) G2 TC 1931
CALL PSTATH '
i TO 3000



Creny oy e
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TV O

i MATLY DAT

CAlLL PSTATA
cro T 3000

IMTERFAC: COUNTER

CHECK FAR TYPE O INTERFAC:. .
IF INXINPYILINeC) GO TC 30140
o7 3011

CHICK FCR TYPE 1 INTZRFAC .
IFAC{MPY=TFACE(NP=-1)
CroTn 30aN
TRFOITMNX(NPYs2Cal) GO TC 3Q02
CO 70 3013
TFINREFINPYLFCL LY GO TG 202¢

W
LA

IFCOHREFINPY e "GeMREFINP=1)) e AST o { TRHX(P=1)ani -0 )]

IFACZ(NMY=IFAT o {NP=-1)+40C
FOMT=FCNT 420
C0Tn 3050
CHICK FOR TYPE 3 OR & INTZRFAC:.

TFOLTINX NP ) e cCe3)a DR LINXINP ) 0T Res) ) GG TO

Ce 170 3015
TFACEA(NDPY=TFACS(NP=-1)4100
FCUIT=FCNT+0 5
TN 3059

CHECK FCR TYPZI 5 IKTERFACE.
TFIINX(ND) ZQe5) GO TCL 3C25
ceT0 6000
TF{MRERLMPYa ey GO TC 3026
cnoTo 2027
THX{NP)=6
COOTE 3040
TE{NROFIND ) o 27
nLTO 20395
[HX{NP)=2
naoT0 3040

oANREFINE=1Y) COC T 3028

3014

CHEZCK TF AMNY DOWNSTREAM PUNMPING CCCUR D AFTSR
LAST PUMPIMG FROM THIS STATION. TE M1 OOWI53THZ

PUMPING UCCURED,EVEN UNDSZ TYPS 5 CandbITION

OF INTIERFACZS CREATED IS ORLY Ohce
hG=MP-1
TEH{MHG =R 67 TO 3039
TROHATFIMOY LT NRZFI(NFYY C TC 3039
NpEah—-1 :
TF{MQa=Qal)y G T 3036
TFEUREF (NN o M NReFINF)) CC TC 3024
ThOT0 303E

Tt
Loa
Tl
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SR Y

PAEG

ik

5w L,

Téem

T fk

BRI

e MATIM

IFACS (N =TFar 2INP=1)+4400
FOIT=1oMT 4260
CrTn 4ns6
TRAC T INDY=TFACS (NP=1)4200
FLIIT=R0OMT+18C
NOTF2 NDe NE INTERFACES PRESENT [N
TACD: ADGITIGNAL INTZRFAC: VIOLUM:
ST TIMSE AT THE SNC CF O PUMPIAG.
MOTF=8PS=1
PENU=TFACT(NPY=TFACEINP-1)
ITOTY=ITOTY+NIVEL
CTM=TNOWEAPTM

PRINT STATTMEMTSe NCTE ThAT THISC
SKIPPE TF NPARM=1.

TF{MPERM, Q1) GO TO 32700
TFILLCMZel) OO0 TGO 3350

LR TTSIHPRAT L 3260)

3 T0n 2390

IFILNCMNEW1200) GG TS 2370
BATT D (MPRNT7T380)

ST 3AE00

TR(LOCMEW4060) GO TO 2390
LETTEDINPR AT 24008)Y

¢ Ty 3500

TFILOCMT15em4) GO TC 3410
pA TTZ(NPENT,,2£20)

cUOTY 2500

THFILNC«M=w195%04) GO TC 3435C
WA TTE (NPTUNT 3 2440)

TOOTR 25100

TFILNC.MT246T71) GO TO 3450
RREITE (NPRNT,,T460)

f1) TN ARG

TR(LNCME«131724) GO TC 3457
WRITE {NPRNT,R454)

onOT0 3500

[FTLNC NG 24672y G0 TC 32456
Em ITE(HPRMT y 2£58)

(T 3550
WETT (PR T,, 2£70)

wH TTSINPRMT . 35190) NBVCL
pEITCUNPRNTLG200) BYOL

W TTE (MPRNT 7511 17
LATTE(NPRANT,y 5472) TNDOR
WRITE(NPRYT y5473) PTM
WRITTUNPRMT 35120 AINVIIL,J)

The PIPZLLIT .

CxzAT 20

STATE4ETS

LR

138
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L3

ik M2 TN

WRITELNPRAT,A713) AMAVIILLJJ)
wet TTO{NPRIT 4514 AMIVIIT,J0)

TRFOMOENRY TR 1) WRITE (NPINT,35132)

PrlNT OUT TIPS STATLS AFT LR

[F JPARM=C

TFAJPLRM, Q1Y GO TO 35149
AMREHGIIMP,5)

[P 7. 0) € TGO 3516

LI TC 3594
VETTZANDR ATy 55 20)
NBPRPzI4P -]

U0 3530 J=1,u75

VRITE (NMPRINT,Z521) )

L0 3540 K=1,c¢

SVERY LOPUMP TGS

B TTOMPRAT 9 35500 NPPyJe K TR INPJeK)

CONTTNE

COMTIngE

RETTOAMPENTZ257C) INXIANP)
LEITS (MPAENT,?575) NOIF
WRITz IMPARNT L2580 TALL
WEIT- [(MPRNTL2590) IFACEL({P)
b RITE(IPTMT L 5576) [FACELL)
WRTTS(NPRYT L3597 ITCTV

£33 T 258946

THE FOLLOWING PRINTIMNG STATZMINTS ARC

IF NPARM=1].

APOzMpPal

RETTTINPR T3 3705) NPPGAREF{AP) 3 T ZoTNCWaSTH NPYIL, [ 45
[F{THX NP ) e NeeQ) WRITZ (NPRNT,L27350)

INCREASE PUMPING NC 8Y On:
TIte,

ANP=MP+]
TeMw=THDw+PTH

[ADD

LPLATE

TH:

-

=X=CUT 0

PRz

ALY

IF TNTAL TTME IS MCRE THAY ALTM BREAK THE SCHELUL 2

TFETHOWG s ALTM)Y GC TC 3598
CooTn 949
MEI=NP-]
APQ=iP=2
[F [MPARM.z0W7)Y G0 TO 400C0
TF (JPARMLTQT) GO TO 2569

la

/2L/1¢
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G000

e HAIN DAT- =

PAEMLD MR D, S)
IT(R e ZeCY Ll TH) 40CC
ST 3599

PPTNT THE PIPI STATLS.
L ITT MNP RNT . THZ0)
WO IT S MPRIT,2555)
Cil 4LG0 I=1,nT5

WA ITZ0uPRNT a7 HE) J,IP(MFP,J,l)'i”(\ﬁP}J,;),EP(\WP,J.

1TRINPPy e H)

conTINys

[F Pz Pl

IXTF=1F2C =10~ 1TFACE(L)

BRINT THZ SUMMARY CF TH: SUFILUL fe
wi TVEANPRYT 95700
LR IT TARPRHT,2A10)Y TENP
ESTTSONPRNT 436 20 FOMNI
YT T (NPT, 26 5C) IXITF
LR ITS AMPRNT,, 7621 ITCTV
WEIT O INPRUT 456 05) ETM
b TTOIMDPENT,, 2F 40) TTPE

BATIN: RATTD OF INTERFACE vOLUMT TO TOTAL
RATIO=AFL AT OTXEF)/FLCATOLTOTY I IRICC .
WETTT (MPONT,F6aD) RATIC

PO INTTTIALYZe THo FIPz STa7US.

T TETE T=la008

LD 36ED J=146

Ty, 1J)=Ip("'p-le|J)

c T LIUT

IERLE N RN

IFACC(L=0CTF" 200

NS LL=NOSTIL+ &

W TT L (MPRNT 2F 55 IFACZ(L)

CHZCK [F Atk ThE SCReCUbLc: AWML SIZHARAT o0
TIMODSOL 0 (MSHDL+1) )Y GL TL ACHL
CooTn 47
TP

“

) 1: L e 3

L)



P N |

v

77¢

g ' PSTATO

SURPDOUTING PSTATO

THIS SURKGUTING UPLATES ThE PIV:Z sTATUS IF TY2L

TS CREZATEL

COMMON TRPI20C2546) 4 INX12C0)
FOMErN T2 MBVIL yLOC s LL s P e NP, LINMIT

THCENPY=0

IR (P L 1)=IPINP=LyLL, 1)

[PEMP oLy 20=IP(NP=1,1L,2)

[OINP LLy A= {NP-1,LLy 3} +NUVCL
TR0 P L) =I0{NP=1,LL,4)
TRPINPLLL,S)I=TIPINP=LyLL,3)
TRPINP,LLy 8Y=sIPINP=1,LL,6)+4ABVCL

BATT = 7135

CHTCK IF THE PRODUCT TG O PUMPED WILL NCCLPY THin

YOLUNME TO THE RIGHT
TECIPINP LLs3YeGEZaLIMIT)Y SU TC Tl
LTy 110
TOMP, L, 3)=LTMIT
IP{uPyLLy5)=C
IPIMP L LLy Y=L TMIT~IP{NF aLL,y2)
NP SELL '

G0 TD STATEMENT 8OC TO UPLATT Theo LTATUS OF ALL P2

T THY LEfT GF LOC

GLTn 300

UPCATZ THI STATUS CF ALL 220DLLTS TN THE RI5HT.

TF THE [DELTVERY PUINT HaAs BN 234ACHID

LLi=LL+]

RO 771 Jd=LLLyMPS

LSSREREIN |

[P, el ¥=TP1P-14dy 1)
f,n("”p,_J.Z)=IP‘NP,J-1,E}
.Tp‘-"ipr'.ﬂ,:EP!"‘JP’Jyz)*Ip(”\”)—i,_Jgf))
Ip(‘.:}r’,J!"’t):rp{f\ép"lg\.’g‘l)

IP{MP e B)=1PAP=1yds 5D
TRPIVPds6)=TPINP=19J4€)

TELIPIMP, Jy3)02eLIMITY GU TO TEC
Cion TROTTL

FRLE REVE=AP | y=LIMIT

oM, de3)=0

PP yd ) =L IV IT=IPINPyJs2)

CO TR anh

ConT rnus

A S=NMP S

LiM=LL-1

TRILLM.CC.0) £ TO 811

141

(LA TS

I S N o L
B eE
Tl T
CHALE SIvLLTAN IO



PSTATO

[0 K10 J=l,LLr

E0 K20 K14t

[PUNP o JoKI=TPINP=1ydeK)
S50 LONTLHUE
S0 COMTINYF
1 AUTURN

Lok Ty

CAT:

i

T13nz

142
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P I s

~e1

1= PSTAT?

TUSFOUTINE PLTATL
THTS SURRGUTIME UPEATZS THE PipT
IMTEQFACE 7S CREATIL.

CAMUNN TP {200, 254505 INKI2CE)
COMEGN TZyNPVOLLOCsLL NP NPy, LINIT

[ fNP Y=}
CHECK IF THZ VOLUME TO 2 PLMPCD
T THE 2IGHT
TEMVNLGE UL IMIT-LOC)Y SC TC 5354
roOTN 540
NPS=LL+?
TP{MpP,LL+41,1)=17
P {dP,LL+1,2)=LCC
TEIMPLLLY L 3)=LIMIT
TPUPyLL Z & r=IP{NP=1,4LL, 1)
[P{MP L LL+ L 5)=0
PPy LL+l,6)=LIMIT-LCC
Cr. T 535

MW PRODUCT ONES NCT RIPLACT mnNTIRF VOLUME TG TH .

101N yLL4+1,10=117

[P, LL+1,2)=LCC

TONP L, LL+1 s 3y=LCCHNBVCL
IP(NPyLL+1y24)=IP(HP=14LLs1)
IPEMP L LL+]45)=IP{NP=-1,LL,1)
TPIBEP,LL+1+6)=NBVOL

STATUS IF Typ!

DA LAC T s Thb:

UPTATE STATUS OF SECOND PRCDULCT TG THt RIGHT O

TP{MPLL+Zy 1)=TP{NP=-14LL,1)
IPLLP L+ Z42=1P(NPyLL+1,3)

TPLHP L+ 293 =P (NP yLL42, 2+ (IPINP=L,LL, ) -LCC)

FPLP e LL42 4 )1=IPINP,LL+1,41)
TPIME L LL42 5)=IP{NP=1,LLs5)

TOMHP LU+ 36)=IP(NPyLL+Z,3)-1RPINF,LL+Z,2)

TFLIP{NPaLL+243)«GELLINITY 5C TN 25
20 T 36]

PP LL+23)=L1MIT

[IPIAP,LL+245)=C

TRMP LL4Z,8)=LIMIT-IPINP,LL+2,2)
\PS=LL+7 '

cCOOT B3R5

STCOMD PELTUCT TO THE RTCOHT O+ LOCATION D10 NI
THE FULL ¥'LUMcs. UPLATe THI STATUS CF ALL PR
FROM THE THIRDZCHECKING SIMULTANGCUSLY IF TiI

PNINT HAS FEENM REACHEC.

Nijs=LL+2

1u315/2:/;c

1
INTLs v
S LONT
FoLiC
[ooceupy

duTe
DELTIY

SRS B I

<Y



S [

551

5]

Wr=tpeay

L 570 Jd=
AMDE= ]

TRINP .+
TRIMP, J+1
[Rrre,J+i
TRMP,J41
[R(R, J+41
P, g+
(R Ie P,
a0 75 870
[Py g+l
120124041
[P{"Py J+]
A S G4
N TS 835

COMT TNUE

UPDATE
Nids=LL=1
LRI e 20
T B50 )=
Ll 260 K=
TRIMP L Ja K
LONTINYE
SORTINUE

LPTATE
TRMD L L,
ITP(PyLLy
T, LL,
TP(MP, L,
IP{HPyLLy
(NP, ELy
w JTURMN
RN

PSTATL DATS: = Tlis2

S C bon
HMo M NT

s LY=TP(MP=13d-1%1)
,7)=TP(NPgJ.j)

s A= TP(NP=1, =146V +IR(CIPyJti2)
14 1=TP(MNPyJy 1}

2 8)=TR(NP=1,d=1,3)
,Q)STD|MP—1'J«1,¢)
J+1+2)aGoeLIMITY 53 T 35C

v3)=l [MIT

y5y=0
pBI=LINMIT-IPINP,J+1,y2)
1

THe PRODUCTS B=HEINE ZACIOT udz

<) OO T 552
T L
l!b

Y=IPIMNP=13Jdsk)

STATUS UF Triz PRODLCT THAT IS
1I)=[P(NP=1,LL,1)
21=1P{NP=1,LL,2)
3y=L0C
Y= {HP=14LLe&)
51=17
EY=LFC=TPINPyLLyZ)

[#MznTatTiny

iviF=0TAT=LY

5 5 ML)

B}

IE RN



£ T

g

f o]

I PSTATS DATE = 71552
TUPLGUTINEG PSTATS

TEIS SUPECVTIMNZ LPCATES THS PIPD STaATUS IF
Typo: = JWiTREACZ IS CREATZL .

oML TP {200« 25y0) 3 INX(2CC)
SOt TZGNAVIL L OC e LL g NPy NS, LINMIT

[Py {iip)y=3

TR, LLy 1Y=IP(NP=1,4LL, 1)

TP Ly 2)=IN (NP1, LL2)

TOEIP LU 3= INP=1,LLy3)+ABYTL
TP, LLs 4= 1T (NP=-1,LL,y4)
1P‘”P1LL95):Ir(Np-l'LLQS)
TD(i-i?;Li.,G):If’ll‘PvLL.E)—I!’H\-‘,LL,E)

CHECK TIF 1tes PRODUCT Ti3 82 PUMPEL CCCUPYS THE =nNTIIC

T THE RLGET

TELIPINP,LL 2« Ge o LIMITY CC TC iv2R

ci TN 1029

TP Ly 3=l THIT

IR PLLLyS)=0

TOLHPaLLy0)=LTIT-LEC

SPh=1LL

g T 2000 _
Ter PROnULT PUMPED LOZS NCGT OCCUPY THo SRTIS-L Vi
THE RIGHT UPDATE THE STATLS UF ALL PROCUCTS T4

CHTCKITIG sTMLLTANECLSLY 1F THE CELIVIRY S2OINT 1A

NLY=LLAl
FOO1040 J=NLAGNPS
,‘\_.IQS:\J
PP d,1)=IP HP=1sds 1)
PP, Je2)=1P NP, d=1,3)
Ilr‘(?.;i-‘,\l,'ﬂ)=li’f-?u‘P,J,Z)-PIP(“iP-—l,.l,b)
IPULP, Jy&)=IPIHP=19dy &)
TP AMP, Jy5)=1PIAP=1,d,5)
1P (P, )= 1P INP=14J,€)
CFIIR(NPy dy2YGELIMITY GU T 105G
LT [MUR ‘
1P (MDD NMPS,3)=LINIT
[RINP MNP S,y 5)70
[PNP NP S, 6 )= LTMIT=IP (NP NP5, 2)
PSR DS
cinoTr 2000
UPLATS TH- STATUS CF ALL P2NBUCTS T9 THE LEFT
Lemid=LL=-1 '
TFILLNJWCQe0) 6O TO 2C11
CUoZ010 Jd=l.0050d
FEN2n K=1,6

145
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147
14 PSTATA DiTs = 71Is:

SUHOROUTTE PYTATA

THIS SJURKR{UTING UPLATZzS THE PIPT STATUS IF
TYPH o IMTPRFACE IS CRUOAToL.

TEMMON TPRI20025,0), INX(2C0)
CoMain T7 o8BI L Gy LUGC s LL e NP e NPSHLLINTT

IRy (wh) =4

IPINP,LL+L, 1= TP(NP=-14LL+1y1)
TPLP,LL+41,20=L0C

[P{NMPyLLA L a)=IPMP=1,LL+]1 2 ¥+MRVOL
IOLPyLL+3s4)=1PINP=T,LL+144)
TPINPGLL+15)=IP(NP=-1,LL+1,5)

[PUAPyLL#1 96 )=TPINPLL+Y,y3)-IR (NP, LL+L,2)

.

CHECK TF THZ NoW PRCDULCT CCCULPYS THD =nTIds WOLUM . 70 THS

TECIP ISP L+ 1e3)eGELIVMITY GO TO 1051

TEOTHE LID60

TP, LL+13)=LINMIT

fP(iPLL+l,5)=0

TOIMDP G LL41 0= IMIT=-IP (NP, LL+147)

Abi= L+
UPTATT Thio STATUS CF ALL PRCODLECTS TC THS LUFT

crOoT 2R00
THE FIRST PRCLDUCT D10 MNCT £CCPY Tiie £ JdTIAC wOLURG T ThH-
SIOHTe UPLATE THE STATUS CF ALL PRCCUCTS T Taio ~71087
CHICKRING AT THE SANE TIMz 1F CebLIVEZRY POINT FAT B 27
A ACHER

LL?2=LL+7

APN=0pE

[ IG7C J=LLz.NPG

heiPs=J

IRyl )=IPINP-Lydyi)

IPEP 4 2)=1P NP, J=1,2)

[PInPeds3)=IP(NMPedy2)+4IP{AP=14d4¢)

[Pl wPydea)=IPIAP=1yJe4) '

TPIMP e dey B Y=TPINP=13J4E)

IP0NP, Jeb = IPINPyd s 3)-TIP(HPyJy2)

TEROIP{ND, Jy 2y GELLIMITY SO TL 1001

L TO LaTG

IPiP ey 3 ¥= LI TT

TE{RP,JeDHI=0

[P &)=L 1Y IT=IPINPyJy2)

AOL=PHPS

CUoTe 2500

CreTrsgr
UPTATE T STATUS CF 4LL PRGDUCTS T THY LUFT

W AR

IGHT
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P PSTAT4

[V 2600 J=1,01

| 2700 K=lat

PP e %)= TR INP=14d,K)
COMTINUYE

COMT T

FITURN

s
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LF PSTLTS Cars = 7152

SHERCUT TN . PSTATS

THTS SURFOUTINGE UPLAT.LS The Pik STLiL:
IF TYP™ & THTERFACFE IS CREATHEL.

CORRECM IR 200L,25.06) , INX(ZCC)
COrMEONM T2 GNEVILyLUOCsLL o NPy NP LIMIT

THE PRATUYCT TG LwzE FULMPLC IS MLT TH¢ PrfOLULT G o TTH--
SIDE OV INTYERFACE

TRY (P Y=E

TP{NPaLL+ L 1)=112

PP, LL+Ll,2)=LCC

I EMPeLL4 1, 3)=L0CH+NBVCL

TE(MR G LL+ L e )=IPMNP-14LLs1)

TP LA+ Ly 5)=TPINP=1,4LLy3)

PP LU+ 1y &)= MNEVIL

CHTCH IF THE MEW PRODULCT GCCUPYS THD CHNTIRG VoLus- Ta T

ITITIP(NPLL 413 eGESLIMNITY GC TO 1Un3

CnoTn 1054

TP L1 +1,3)=LIMIT

TP, LL+145)=0

P8P, LL+ 1,6 =LIMIT-TE(NPLL+1,7)

APS=L1L+]
UPLATE Tho STATUS CF ALL ¢920DLLTS TU THie LEFT

O Fil 2600
CPODATE THS STATUS CF THE 3cCUORD PACDULCT

TP(RP,LL+ .41 )=IP(NP=-LsLL+1,1)

TP yLL+ e 2)=TPINPyLL+L 43D

T (D L4233 IPINPLL4232)+ [P (NP=-_4LL+1,0)

[PIMPylLL+244)=11

TP P, LL+245)= [PINP=1,0LL+1,5)

TO{MP L LL+Z40)=TIPINP=L,LL+L,48)

TFLIP{D, LL+2s3)eGELIVITY GO T 1055

Cr T0 1663

[PLNPyLL+2e3)=LIMIT

PP LL+26)=LIMIT=-IP(MP,LL+Z,2)

RPO=1LL+7

Coo1a zead
THT MEw P DUCT DIC NCT OCCUPY THS ENTIRS wOLuM. Tt Tii®
TIGHTS UPCATEZ THE STATUS LF ALL P=UDUCTS Tu ThHa: A§6HT
CHECKIMNG AT THe SAME TIME IF TH= LDELIVZRY POGTNUT Ha: -y
ATLCHE A

LLMz=L1L+3

ﬁNn:hPS+1

Lre 1075 J=LLE7 y ANG

AP =Y

TP Py el )=TIPINP=1,d=-1,1)

JRET AR A

LIGHT
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AFL S LE PSTATS DT = 71242 lofzl2/lic0

IP(MP I 2Y¥=IPUNPyd=-143)
TR(NP 3 3)=ITPUINPydy2) 4 IP P~ ad=ia0)
[P MPyJ,&e)=IPINP,J=1,1)
TRPEMP L J,5)=TPINP-14d=1,5)
TP(“EP,J'f‘:}:IP[NP‘”}-!J"'l!b)
TEOIPIMP, 0, 3)e Gl LIMITY GO TO 105
tr TO 107H

1riEs TRP(HP s Je3d=LIVIT
f”(i‘}f’pl,fi):o
!I,{{\'P'J!{)):LIP‘IT*i-P(NP'J':'_'\’
NPS=MPS
Cip T 28040

Lo s LONTINUE

2,00 AP R=LL-1
IF(NBR«ENaD)Y CC T 2980
11 ZR50 J=1,0FK
T 2900 K=l,t
TPIMP, JeKI=TPINP=T 3 d4K)

ZUnC COmTINUE

TG0 COMITINUT

THAC TP(MPLLL,y1)=1P{NP=1sLL,1)
iPti‘:p!LLyE}ZInth“l'tL?Z]
TR{HP,LLy 3¥=LC
TR, LLya ) =1 {NP=1yLL,y4)
TP{NPLLeS)=17
IP{MP Ll 6)=IPUINP LLy3)=IP(NP,LL,y2)
eETURY
ol

L



BZGINNING 0OF SCRIDULE NO: ]

TANK STATUS AT THE BEGINNING PF SCHELLLE!

STATICN

O 0000 0 n] O Am T U D ko B RO R e

MINIVMUM ALLOWABLE PUMPING TINF:
TFE PRCCUCTION PZIRIOD 1S53

TANK NQe

= U Pk PO e g O B e B e Lad BN e TR e

MAX1 vrL
BRLS

- 6800.00

36C0.00
7300.00
C4500.0G
189C.00
33C0.1C
16C0.C0
2200070
17000400
5000C.C0
3000.0C
23C0.00
36CG.1C
2050.70
1550.70
1700.70
4200.00
6000400
4500.00
5000.0Q

MIN VOL
YRLS

450400
3EC.CO
TEC.CO
T€C.CC
75CG+GU
28C.CO
2ECCO
34CCCO
176C 20
6CC.CU
4CC.CO
40C.CO
3EC.CO
25C.00
15C+C0O
15CCO
3CCaCO
2CC.CO
1CCeCQ
5CCeC0U

INTL VUL
EHLS

4427.00
360.00
Z200C.CC
260C.CC
430400
1C40.C0
1280.CC
34GC.CC
1654.00
140G.CC
1i51.00
17CC.CC
250400
74000
635.00
30C.CC
200.00
10C.00C
5CC.CC

30400 MINUTES .

G600 HUURES

PO RATE
EBLS/uAY

1950.00
0.0
1800.u0
GCC.00
340,00
510.00
170,00
Ce0
Ca0
71500
405.00
Ag0.oU
73C«00
€0
135400
212390
Cs0
0«0
0.0
0.0

151

UVFLO TIAA
HuS

23418
99499,00
TO.67
50.67
600U
1056435
31606
96999,.00
95%95,00
112431
94428
9L.92
bZ2etel
F9G6GG. 00
5503
120.57
99599,00
95966, C0
99999,.,00
949999,01
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TR FITAILS OF TUF SCHLULE a2

PUKPING STATICA PILETUCT STARTING FINISETC VULUN= TYPo uF I''FAC: WALTD
NC ) N te TTY T - AL DD [AlFACH VL Tl
[ARUITEN [l R LS BRLS HOU
1 1 1 (0 5467 [ £ Q
Z 7 1 9,497 13.850 PR o
A 5 b 13449 16414 13209 0
4 a -1 1ta14 1777 1o U
5 1 1 17.77 16+ 14 165 Q
& 2 1 19.3¢ 2C.17 492 g
104017
7 1 1 3022 A.+00 4bi 0
& 3 3 31.06 3i.1% 1249 1 200
9 g 1 EETRE ET I i ile7 )
ic s 1 1hae9Z 37.04 102 V]
Il i 1 AT 0Y A8, 1H ENb 0
1z 4 1 ldell 34.87 448 V]
12 Z 1 SFLET 13,47 336 U
24715
14 1 1 45436 43ehds 516 1]
15 2 1 43 kg 45459 345 4]
EesB
16 2 3 50.867 57.C4 3924 1 4GCC
17 2 2 57«04 Ba.L3 617 2 z00
18 7 ] 56.02 COWE2 1421 i 400
19 7 5 60.63 62 567 10us 2 200
20 € 4 €247 £T.LS %163 1 400
Z1 i 1 6T 69 TEa67 2371 g
22 5 + & 72:.632 Toeds 7294 U]
23 2 1 Tha45 fC.ES 2766 U
24 5 ;B 80.8E G3s.11 1326 0
5 2 1 02el 44.8C 971 i)
26 1 1 gL e 60 87.C5 1171 [§]
27 2 1 B7.05 Efetd 525 ]
28 1 o 6Teh9 58460 390 u
2es?2
20 5 5 91.n7?2 5,32 2057 i S0
3c ] [ fe32 95,86 ial z e

THE PIFZ STATLS AT THF END OF LAST PUMPING:

PrCNLCT PRCCLLCT REGINTFG FHLTNG VoLUY S
SEQUENEE cegee POEuT PLINT FHLS
(SN AC. PisL® LELS
1 1 f SC13 w3 .
¢ z [Qi” GE3C &17
2 3 9631 1igla 3944



o3

- ™A

£ w0

13614 15604 15490

&

& 15604 12531 azv
< 1592 AL 2057
b 170¢t §3538 GGE7
& 239%F 27698 G043
3 aTaur 1i786 3730

AL CF SCHEIDUL=!t SUMMARY,

NUMEZR CF DUMPINGS IM THIS P-PIGD ISt 20

TCTAL
TLTAL
TCTAL

TES 8¢

TCTAL
FATIC

Mu=TR CF IRTERFACTS CrTATHL T4 THIS PZRINE I3 13.C0
TUTESFACY VOLUME C2=ATLr Iy THIS PaRICC IS: 26Ju BPLS
VEoLUw S oLwe D TN THIS PTRICH: 4172C LLLS

FOQULz PRINN 182 9%5.rf  HUURS

1LY P7RTICC 2F PIPZLIN: DUFING SCHZCUL=z: 23«03 1.JULS

CF 1HTZEFACT vl TO TOT2L viL: tagd &

INTERFACE VCLUNME AT THZ START UF GEXT SChalULZ:  16CC Bils

153
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RO CINGTHS e ¥C ULy 'y 2

TANK STATUS JF TeE TCCIMMING FEOSCHOLLLTSE

STATICHA TiAK AL FAXT wrg, MIN VL Tl VL By WA T CVEL TR
BOLS FELS (UL BALSZtiay 1n-5s
1 1 EA00.M0 45C.C0 1242+ 5%6 31800 e sl
1 l 3600.00 ETIUPY | 36Ja0U Can ERE R R
2 i Ti0GTL TECelU 136245 DL P ) ane B
1 Z 450000 7€ (C 2:1%488 245 R ETE IS
? 3 1400.0 0 75009 1od2anis Ced GY I I
3 1 3300.70 isC.LD G9T.lh B4 ey 1ddez}
3 Z 14Cderg 2E8C«LC TA0. 18 : Ced EENE B P
& i A20ND 0 345000 Tuidtedi) Cet) I54545. 60
4 z 1733070 17uCeCO 110ue0 00 45595 e 03
5 i L30C. 70 4CCeCD G:194(C3 Cald 49999, 69
5 2 3C00.10 4CC.L0 407433 €. 495974404
5 3 2300.00 3CC.L0 31355 Uad 395949, 00
6 1 2600.TC 3eL.CO lelbar9 3204000 Gent
7 1 2030470 25C+C0 23Ca20 433,00 10%.7
7 2 1REQ.rO 180400 £53e33 270G 405 litaT1
7 3 1703.00 15CeC3 wT4e37 21de0y R
& 1 42000 ICC.Ca 200400 Cad QG974
& é ¢00JaM0 26000 230,00 156+40 F3le 2L
3 2 4500e MU iCC.CO 13040 00 9994 3.0
9 1 5CCO."C 5CC.C0 SGCe 00 CeD 199459.00

MINIFMUNM ALLT#ABLI PUMPING TIFT: 30400 MINJUTES S
THZ PRCLLCTION FIRTIGD 1St af «CO [ICUKE



THE POFA Qs L BT suby Llee &

PUNPING STATIIN PRNPILCT CTALT LG FINLSFTHG Y

nC N 0 Ty Tiwv: g
hlars 1L e 4
1 1 I Uay 1.9n
2 2 1 1.8C A.47
3 s 1 3422 RN
& 2 1 SeHb EX Pl
5 s b4 £ 39 301
& 1 Qa3 1C.70
7 £ I 170 ll.67
24 1 1 2697 31.CT 1
S 4 1 31.08 37.20 3
1c 2 1 37T« 2C e i
11 1 1 40836 G200 1
1z 3 1 GiaTO 44407

THZ PIPL STATLS AT THT ®MD 0OF LAST PUFMPIAG:

PHCEUCT PRCOLCT FEGINIMNG CMLING VoLLmE
SEQUINCE CELE pr1aT PLIMT RLLS
[MeRY N BeL* LeLs

1 i - 22457 2244517
Z é 22457 22074 617
2 2 23072 21058 3954
4 1 2TLGF 25432 2374
) & 294 ir 25159 321
£ 5 29750 IiTe6 IR

INE OF SCHEDULT: SUMMARY.

NUNML 2R GF PUMPIAES IN THIS PLPIGD ISt L2

TCTAL ALMPZR CF O INMTIRFALES CelAT L IN THIS PExINL KL
TCTAL IHT-"FAC- WOLURE CRIATIC [N THIS PerICC IS:
TCTAL WCLUY . #UMEED 170 THIS PrRIGD: 13g2% PLS

THE SCHELULE FERKIOLR T8 44 .07 FLURLE

TCTAL TOLY #.9ILL GF PIPELTH. CUPIENG SCHEULLZT 1Y9«B9 F

RATED CF TAOTOAFAC wDL TO TIfE woL: C.C %

TRTERFICE YOLLNE AT THS STAXT OF SEXT SCHECULS: 100

LT

Luanl TYO . ok

Mg

BLS

919
30
L]
ELT]
30}
547
571

G559
394
a7s
120
49z

J.C
U fuLsS

CuRkS

B&LS

[ariCe

S C Lo o C [+ A ol gl =

155

B

AL

s

wa [T
[ T

M



BTOINNTNG Cr YR opuLs e 156

TanK STaTub AT T BOGIMNING €1 SChH. CLLE:

STATICA TINKE A(le MAX] vrL MIN vt 1L it PREOL w3 TE GYPL 1 )el
BOLY CHLS ghLS PBLS LAY Ha '
1 1 L8000 4EC.CQ G6Te 5 E fsl QGa3L (G0
! F 36000 2eQe00 200600 A 995 e 0
2 1 TiCGH.CG T5CL0 lanle,t 17 la0C Flie sk
o 2 430uaf D TECeCC £ 156¢ 11CA.0¢ L, ]
: 2 1800 .My TEQCu 16970 321400 Lt
2 1 EETHVEN ] 2TC.C0 Gedand E0T00 12 e0n
2 z 1£00.00 SEC.C0 Tolale afhe 2N 1024
& 1 3ZN00D .00 3400.00 340,20 Can 9654 .10
4 P 17C00.00 17CL.C0 172040 Ca0 YUY L0
5 1 ROCUFC ECCCO LirEeC R0 1599
5 2 20000 &COC0 4T e2d L 4N5,.00 15364
L 2 23CU.T0 ACCeCO 31354 0200 1ol.t
& i BECL.FC 3€CaCO ZehbelY Thzean Jiew?
7 1 2050.00 2tCe(C 1i12.8EC Ced 5595, 00
7 & 1550170 15C.Co gldezk 298005 oue T
T 2 17600.FU 185C.C0 £94.50 Csl 1994444
8 1 42060.r0 ACC.CO aLCaCC Cadd 09994, (10
a 2 60010 .10 2CL.C0O S512s0L S0 96954, iy
& 2 4500.70 1CCaC0 2000 00 999949.00
9 1 5QCL."C BCCaCC sC0C.CC Ce0 Y4434 00

MINIMUM ALLTWARLE PUMPING TINC: 30.C0 MINUTES.
TH= PRCLUCTI:N PIRTOD 152 127«C0 HGURE



PUNP]
NC

P

L B oS B oy Y]

O WD

1
11

e
12
14
15

16
17
18
19
0

THE
pRCD

SERUY
N

-

0.3

PIPZ

LeT
NCE
Ca

=0 MmN e

CTATICN pPeLp
R NO

o TR RS e P

s} TS e

LS IS B AY  ¥)

12w NS W

STATUS 2T THF

PNl
cCCe
1% 4

L e S T T s W

ThY T

uweT %

L S TN I S LN B

>

-

B

L B o I

CrALLS

CF THT STHeLtiL:

TARTIRG  FINDLI]
TlkE TIrS
HEL4S HILAS

Cel JeSh
Cede iats
Le17 .78
.78

13.08

172

19.38

£C.a7
E1a56

£5.72
TERE

£7e22 ET451
RTe91 89,62
5962 92454
9z .94 106486

105434 10T ek

10T .04 liz.l?

L1Ze18 113419

113.19 L17.52

1ig.12

L1752

M0 0OF LAST PUMPING:

IGINIY
PCIiT
FRLY

n
76¢°
0243

13847
1591f
1éGe™
17417
lG4el
4T
2313e°

3 -Tivi

is
(4]

5

e

NLIN3 VLG Z
PCINT ABLS
PHLS

18E1 Taal
G243 1202
13e41 459F
12916 268
1£6853 10AT
11417 “14
1648¢C 612
2Caat LesT
223z8 Zris
28402 agTe
317R6 Bar

Anyt

Vit
Sl

[l N e

£q1

10

et

el

LR
i067?
2075

Ta4ay

1362
3074
63.
29509
ifla

T¥o
1IN C

; o

(=N =S S N

[PRN X S C *

Cor e

{vFal-

v
A S

LI
IRV

420

400

105
JUC
200
lao

430
&G0

WATT S
Tiw
btgls

4iren?

Vet D
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FAL DFOSCHYCIILT 2 SUMMARY.

WLREOR FT PL=RINCS T THIS it Il 158 290
TOTAL RLMEET CFOIMTERFACS S Cnmavie [Y FHIS PUotuy 1.3 14400
ToTAL INTTAFLCT WTLUNT GRIATOC 16 TUIS M RICL IS: 2800 PLRLS
TLTAL vCLUM ® P2LMESD IN TIIS PTRI0D: 311969 cfLS

THF SCHIDULZ PERICE IS: 11BW17 HUURS

TCTAL TOLZ P.YILE OF PIPELTNT DURINCG SCHEOUL:: 67447 HCURS
AATIC CF LT 22RA0T VWOL TD TOTZL vuiL: EeGI W

ERTERFACE VYILULME AT TRT START OF WEXT SCRzfULS:  ICGCQ 4OLS



BECIL NG OF SCH L™ cpe 4 159

TANK STATHS AT TR LTGIMNING FF OSChEPLLESR

STATTLAN TANK N NART yrL FEN VAL 9L ¥aL PAHY RAT- OVELIL TIM.
HHLS LLs LHLS BRrLs/oay H LS

i 1 HRAODWCC <5000 %53.06 19CC.an Fuels
i Z 3IH0U.TQ AECelu SOusl Cad AGhivhaly
e 1 Ti0CTC Y<taC0 LTt 178,400 Howldl
2 2 4A00.0 D TEC 0 Soudabi 91iC. 00 Jreted
2 2 LoCUery TECaQu - lisle33 31u.00 alalh
S § 3100.7¢0C 38000 Li2e3h 514400 1o%ech
3 2 1600.00, 280y 20201 375409 Tresl
“ 1 320U 0 340000 T« 10«00 Jed 15554900
4 2 17000.rC L7CCsC0 520C.00 Cad 72949400
g i 500070 65CCCT 120442 68500 1lie4d
g 2 3200.70 4CCad0 283253 43000 PETRH
b 2 230C.r0 ZCL-C0 lo23.55 ACU.00 3teid
4] 1 3670.00 Sty 62Ce21 172,240 228
7 1 2050400 2ECLG0 255,00 Ged 959459, 00
7 2 168%0«MC 15C+C0O t32a2¢ 31090 55457
T 2 L700.rC 15C.C0 oYbe 56 215400 A4 .91
8 I £200.0r0 3CCe0D IIC.00 ER U] 3G1.94
-} é &000.0C 2(C+CO 203440 203430 655440
8 3 4500400 1€C.CD 1004350 .0 99959.00
9 1

5000.70 5CCaCD 5CCeCC Cad 955949.C0

MINIMLN ALLQ:ABL< PUMPING TIkF: 30.CC MINUTES.
ThE PECLUCTI N B7410D IS  1&F.C0 HCuRS



THS ETALLS (F THE L€ CuL - aR13 160

PUFPErG STRIION FRELIMUCT FTARTING FINLakT VL LUR, TY - Uit T ran: wil[FIs
LY N 1 T Tl uLNp.n YMEAL viA, Tie
[N L | Biiita BL3 i Hiu™y
1 4 1 Cal half B B 0
2 5 1 Hel? Be iR l4b0 o
3 ! 1 Foehn E HE 3 u
4 L 1 e 49 11.97 947 J
Ple?d
5 s El 23.067 A0t R i 400
& e 2 S0« CH J3lala 1 Z 2.0
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This research is concerned with scheduling of petroleum products
through a single, multi-product pipeline system. These petroleum
products are produced in gas plants and stored in tanks situated at
pump stations. Each storage tank has safe maximum and minimum levels
and in order to keep the system feasible (maintaining the product levels
in between the two safe levels), the products stored in them have to be
pumped regularly, by means of a sequence of pumpings, known as the
'schedules’.

When different products are pumped through a single pipeline, dif-
ferent types of interfaces are created. Each interface represents a certain
volume of degraded product which fetches less price than pure products.

The schedules, therefore, should not only keep the system feasible but
also minimize the number of interfaces.

An alpgorithm, based on certain scheduling rules, was developed for
generating schedules. Its usefulness was then demonstrated by generating a
sample schedule and finally it was tested by means of a simulation program.

It was found that the proposed scheduling procedure created only
0.053 bbl of interface per barrel of products pumped, whereas the existing
procedure of scheduling created 0.083 bbl of interface per barrel of
products pumped. The reduction in interface, obtained from proposed

method, is therefore, 36.1%.



