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PREFACE

This report is concerned with the derivation of a mathematical
model. This model was constructed to assist the procurers of tubulars
so that the time spent deciding which supplier from which to buy could
be done by a computerization of this model, thus freeing up their time
for other endeavors. The model was built so that it was linear, and
thus could be solved using existing computer codes.

The author wishes to express his appreciation to his adviser,

Dr. J. Scott Turner, for his guidance and assistance 1in developing
this model. Appreciation is expressed for the help of Don Ryan. The
idea of this model was his. Mr. Ryan's guidance in where background
material on tubulars ﬁight be found saved many hours of looking.

Special thanks are given to my wife for her support and typewriter

throughout this effort.
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NOMENCLATURE

the minimum shipping weight per rail car which the railroad
will bill the buyer. Any actual weight less than this will
result in the minimum weight being used to figure the freight
bill.

the minimum shipping weight per truck which the trucker will
bill the buyer. Any actual weight less than this will result
in the minimum weight being used to figure the freight bill.

the multiplier which depends on market conditions and the
type of supplier.

the fixed cost assoclated with elther owning or leasing a
warehouse.

the minimum number of suppliers the model is to consider.
the holding cost for tubulars; it is the difference between the
increase or decrease in thelir sales value and the cost of money

tied up by holding them.

the incremental weight shipped by rail car above the minimum
shipping weight (CMW™).

the incremental weight shipped by truck above the minimum
shipping weight (CMW').

a large number used to force an integer to zZero or one.
the buyer's mill allocation in tons.

the maximum shipping weight per rail car.

the maximum shipping weight per truck.

the maximum weight percent which can be purchased from a
supplier.

the tubular requirements for each destination point (well
or warehouse day-to-day well workover needs).
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TS the available tubulars from a supplier.

W the weight conversion factor to convert feet of tubulars into
either pounds, hundred weight, or tons.

X the feet of tubulars moving through the model.

aﬁ the cost per unit weight to ship tubulars by rail between
the source and destination.

a? the cost per unit weight to ship tubulars by truck between
the source and destination. -

b the variable cost per ton to store tubulars.

c the cost per foot to purchase tubulars from a source.

yF a zero or one integer; it is zero if a warehouse locatlon is
not used, and one if it 1is used.

yFR the fractional value of a shipped rail car to complete an order.

yET the fractional value of a shipped truck to complete an order.

yPR this counts any fractional rail car as a full one so the fixed
shipping cost can be charged.

yET this counts any fractional truck as a full one so the fixed
shipping cost can be charged.

yB' the number of whole rail cars shipped.

ys a zero or one integer; it is zero if a source 1s not bought
from and one if it is. :

yT the number of whole trucks shipped.

Subscripts

d the destination of the tubulars; it is for either a well or
for a warechouse day-to-day well workover stock.

i the supplier's geographic location.

J the warehouse identification number and location of the buyer's
warehouse.

k the identification number for the type of tubular.

s supplier identification number.

t time period.
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CHAPTER I
INTRODUCTION

The oil game is a series of wells drilled in the‘hope of finding
those ever-increasing valuable commodities: oil, gas and gas liquids.
0il wells can cost from thousands of dollars to well into the millions
of dollars. As an examplé, a North Sea exploratory well can run from
six to twelve million dollars. With this amount of money being expended,
the price of a length of pipe to case a well would hardly seem to make
any difference. However, pipe for a deep offshore well might run
$700,000. This is a considerable sum when a company may be planning
twenty-five wells in a given area. In the year 1979, Phillips Petroleum
Company bought twenty-one million dollars’' worth of casing and tubing
for its domestic operations. This figure 1s a net number, since many
wells drilled are owned by several different partners. This twentyfone
million dollars represents over twenty—three thousand tons of pipe. Wi£h
this kind of pipe movements, a logical development,wouid be a mathematical
model which would assist the purchasing and materials departments in try-
gng to optimize buying and shipping tubulars (casing and tubing), while
minimizing holding costs.

Trying to schedule the buying, shipping, and storing of tubulars
is comparable to hitting a moving target. Not anly is the business
extremely volatile, but your own people cannot always tell you if a
certain well is to be drilled until the last minute. At this nriting,

tubulars were getting difficult to acquire. Demand has not overwhelmed



supply, but the trend is in that direction. This puts an additional
burden on the materials and purchasing departments.

The people who oversee buying, shipping and storage of tubulars
have several constraints. They must order pipe three months ahead of
time to ensure delivery and obtain the best pfice. These orders are -
based on the current drilling schedule and the past experience these
people have. One basiciproblem is that drilling schedules change. These
' changes occur due to drilling rig availability and other wells currently
being drilled. A new discovery may cause five unplanned wells to be
drilled, whereas a dfy hole in an expected pro&ucing area may cause five
wells to be cancelled. Furthermore, steel mills only roll certain types
of tubulars at certain times during the year. Thus, the buyer's schedule
must match the mill's schedule. Finally, the tubulars must be shipped
from the supply sources to the buyer's warehouse. From the warehouse,
the tubulars are shipped to the wells as needed. Should the schedule
permit, the tubulars ﬁay be shipped directly to the wells from the mill.
All these considerations cause the movement of materials, in this case
limited to casing and tubing, to be a constantly changing puzzle. An
' interactive model would hopefully assist these people in making further
use of existing resources. x

0il field tubulars are one of the many items used in producing -
0il and natural gas. These tubulars are the conduits which allow oil
and gas to be brought to the surface. 0il field tubulars as discussed
here are limited to casing and tubing used in wells drilled by the oil
industry. To a layman, these tubulars look like pipe a plumber might
use, except the pipe has an unusual thread design capable of sealing

the pipe joints and thus holding a great deal of pressure. Furthermore,
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the pipe itself may have a complex metallurgy to withstand the corrosive
environment, which includes hydrogen sulfide (HZS), which is quite toxic
and will cause hydrogen cracking of steel by interfering with its molecu-
lar makeup, and carbon dioxide and water, which form a weak acid and
literally eat holes in the tubulars.

0il field tubulars are a specialized Section of the steel industry.
Tubulars are made in the United States, Canada, Japan, West Germany,
' France, England, and other countries throughout the world. Due to the
large role Americans have had in the oil industry, most tubulars are
manufactured to API (American Petroleum Institute) specifications. Due
to the changing nature of the oil induétry andwthe differing life of
tubulars, non-standard tubulars can be found throughout the o0il industry,
particularly in the older oil field. Today, as United States dominance
fades, pipe is being produced in metric sizes. The following discussion
will give the reader a partial list of the wide variety of tubulars available.

Tubulars can be purchased in three different ranges: one, two, and
three. Range one tubulars are sixteen to twenty-five feet in length,
with 95% of a car load having a minimum length of eighteen feet. The
maximum variance is six feet. Range two tubulars are twenty-five to
thirty-four feet in length, with 95% of a car load having a minimum
length of twenty-eight feet. The maximum variance is five feet. Range
three tubulars have a minimum length of thirty-four feet with 95% of a
car load having a minimum length of thirty-six feet. The maximum variance
is six feet.

Tubulars also come in a variety of steels with different tensile
strengths. Common grades are H-40, J-55, N-80, P-110, S-95, C~75 and
V-150. The steel's properties, combined with the tubulars' thickness

and diaméter, determine the tubular's burst, collapse, and yield points.



The burst point is simply where the internal pressure is high enough

that the pipe spliﬁs open. The steel industry has conducted numerous

tests to predict the various properties like burst, collapse, and yield

for each type of tubular. These tests are condensed into useable equations.
For grade J-55, in sizes smaller than 9 5/8", the formula is P=1.6 Ym (t/D),
where P is the minimum test pressure, Ym is the minimum yield strength,

t is the wall thickﬁess and D is the outside diameter. This formula has

a built-in safety faotor.2 Collapse occurs when the external pipe pres-

sure exceeds the cbllapse resistance of the pipe and the internal pressure.
The collapse pressure is also a function of yield strength, wall thick-
ness and outside diameter. Finally, the yield strength is important,
because in a well, as pipe is run into the well, the top joint of pipe
supports everything below it. Thus, if the weight exceeds a certain

amount, the pipe will stretch and break. For an appreciation of the

amount of stretch.in pipe, without any damage to the pipe, a 10,000-foot
string can be stretched forty or fifty feet and/rotated so that the top

of the string is turned ten turns more than the bottom in an attempt

to free pipe stuck while drilling.

Another factor in the selection of tubulars is that of the tool
joiﬁts. ?ool joints are simply where the pipes are connected to each
other. The tool joint can have two pleces of pipe which screw into a
coupling, or cne piece of pipe can screw into ancther (extreme line
tool joint). Each type of tool joint has several thread types. For
couplings, round or buttress threads are normally used. For extreme
line, there are a variety of threads, depending on the pressure require-
ments (Figure 1). The combination of these two parameters (threads

and tool joints) when combined with other special types of threads
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makes for quite a large number of combinations. As an example, a
round thread wili have a rounded crust and root V-type 8 pitch threads
tapered 3/4" per foot on diameter. A buttress thread has a special
buttress form of five pitch threads tapered 3/4" per foot on diameter.>
Again, depending on the thread, type of Jjoint, steel properties, the

pipe thickness and diameter, the tool joint has only so much strength.

Two Jjoint properties are typically calculated: the fracture strength

and the pull out strength. The fracture strength‘is the amount of force
a joint can withstand before it parts. ‘The pull out strength isvthe force
a tool joint can undergo before the joint is pulled apart at the threads,
that is, the pipe threads cannot hold the pipe together. Tubing joints
are different from casing Joints to facilitate repeated make up and
unscrewing of the pipe as it is pulled out of the well for well workovers.
Both threads and joints are different from casing. In particular,

tubing can be upset or non-upset. Upset tubing is where the wall
thickness has been increased at both ends of the pipe; so the wall thick-
ness is the same as the rest of the pipe after the ends are threaded.

With the standard types of casing and tubing, the person’designing
the casing and tubing strings must analyze well conditions and then
specify the tubulars for the Job. A casing or tubing string is designed
based on collapse, burst and yield properties of the pipe. These are
set by the type of fluld environment (certain types of steel are not
suitable for H,S or other environments) and the quality of fluids to be
lifted out of the well (that is, due to friction loss, certain diameters
are required). In any design, one or more of these three parameters will
control. An example might be a hypothétical 10,000-foot casing string.

At the bottom of the well, collapse might dictate the kind of tool



joints and pipe thickness. Higher up the hole, burst may be the over-
riding factor. Finally, at the top of the hole, the pipe may need to be
thick and the type of joint changed because of the sheer weight of the
casing string.

A diagram of a hypothetical well is shown in Figure 2. Twenty-inch
casing is run to two hundred feet. An intérmediate string of'13‘5/8 - inch
casing is run from the surface to a depth of four thousand feet. The
innermost casing string or production string is run to ten thousand
feet. Inside the production string, a tubing string is run in which
the oil and/or gas will flow to‘the surface. The packer in Figure 2
merely keeps the oil and gas out of thé annular space between the tubing
and the casing. Note that the casing is cemented to the rock around
the well bore, while the tubing is not. Thus, should the tublng become
damaged due to corrosion or some other factor, it can be replaced, whereas
the casing cannot: be pulled out of the well and replaced. This is the
reason production flows up the tubing and not the casing.

At the other end of the spectrum is the source of the tubulars.
Tubulars can be purchased directly from the mill, by placing an order
through a Jjobber, from the jobber‘himself, or from a local supply point.
Basically, two conditions prevail in the world of tubulars. The first
is where supply exceeds demand, the second is where demand exceeds supply.
The o0il industry 1s dependent on a number of external factors, including
government policy and exploration wells finding new oil fields. Therefore,
tubular markets continually change with respect to supply and demand.

The steel industry acts in a fairly predictable manner. When supply
exceeds demand, prices are lowered, terms of sale are extended, and

freight is equalized. Freight equalization refers to a supplier charging



sl FIGURE 2

TUBULARS IN A HYPOTHETICAL WELL

| Bottom of Well Head

T "t : a——C ement

¢ ‘ -7
k25 s, —
i"‘ % P —
oy PP Digl
;1-‘/ ; '/: d.‘!
i b 1A
' '/5/- T o
- 4 ’:m’ Bottom of20" Casing (200 feet)

16 /

‘\
\

\}
}\
\
|
|
AP
N
T

e Y “\)’ el /
g Ohg 24 =l
/,/f /i U “"-, ';,:i /
A~ -1 peoa
< HE i
e "l ! = :~'I
- e L B - 4§,
/r;’/v f&}-"_ b Bottom of 13-5/8" Casing (4 000 feet)
g e 1 :
- 2 o
7 i |
- Iz :
A H % i e
AZ e =
. if,; «—Tublng
« < e,
, 2 o BT
e 7z oo
e - s LRva e
- s !:.: .‘:gfi S
e e I3 S "

o
e

yd / Ik f
- B ";’: .:'; ...M””;:’ SR
/ - ;‘i py {.:{ﬁ s
, e o
- [2: P —TPacker
. P Fp BL L
d ra 7—¥:-.‘- R U Ei \\\\
7 - o] s el i T

. TR
N

a2

)
"L
J
{
/
I
/

T D~ B Y Bottom of 7" Casing (10,000 feet)
. !::;3 “.‘.. X T
S PR -




a customer for freight from the delivery point to the closest supply
point. This means that if the supply points are Chicago and Houston,
and the destination is New Orleans, the Chicago supplier will charge
his base price plus the freight costs from Houston to New Orleans.
The difference in freight costs from Chicago to New Orleans and Houston
“to New Orleans would be absorbed by the seller. As demand approaches
supply and passes 1it, terms become stficter, freight equalization is
dropped, and prices may rise.

The supply network for tubulars begins at the steel mill. Here,
the tubulars are made at a scheduled time according to the mill's
rolling schedule. The buyers of tubulars and the sellers of tubulars
interact, so that the mill advises when it is going to roll each type
of tubular, and the buyer responds and contracts for so much of the roll.
If orders exceed the roll, they are épplied to the next scheduled roll.
When actually ordering tubular, the customer must buy through a jobber.
The jobber buys at a 6% discount from the mill. The tubulars are shipped
directly from the mill to the buyer. The mills also have pipe storage
points located around the country. These are bought from in the same
manner as the mill. The jobber buys not only for his customers, but
also for himself. His purchases are for buyers who neéd smaller quan-
tities, or who cannot wait on a mill's rolling schedule, but rather need
the tubulars in a few weeks. In selecting a Jobber to do business with,
the buyer must consider size and reliability, because the jobber must
be big enough to service the buyer's account. In addition, as supplies
become hard to acquire, the jobber is counted on to perform. In short,
a relationship has to be built, so that the jobber will come through

when supplies get tight.
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The buyer further protects his supply sources By not buying
from the cheapesf source alone, but by spreading his business around.
By doing business with a number of mills, you have your foot in the
door, and thus when demand exceeds supply and mills start to allocate
tubulars, you stand a better chance of getting a mill allocation if
you have been a good, steady customer. |

Mills basically sell tons of steel. Thus, when allocations are
given, the mill tells each buyer what his allocation in tons will be
for the year. Mills can also refuse to sell pipe if they feel fhe pipe
is being hoarded. An example might be a buyer wanting a large quantity
of 30-inch casing. In this type of caéing, only two mills might roll this
kind of casing. The buyer wants the casing because he feels the market
will tighten to the point where the casing cannot be purchased. Even
though the buyer has an allocation, the mill may refuse to sell him the
casing, because then no one else could drill wells requiring this kind
of casing. The mill is not only trying to supply itskcustomers, but it is
also keeping companies out of the speculation market.

The final member. in the supply network is the local store. The local
store gets a price premium, ranging from 10% in times when supply exceeds
demand to 20% when demand exceeds supply. The local store normally
supplies small quantities of tubulars. The buyer normally purchases only
a‘few pieces of tubing for remedial work (workover) on a well or part of
a casing string due to a last-minute change in drilling plans. In contrast
to the jobber who is located in the major oil areas, the local store is
located in Jjust about every small town in the oil field. Furthermore,
the mill, Jjobbers, and local store supply a full range of oil field

goods and not Jjust tubulars.
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There are several other sources of tubulars. Buyers sometimes
sell tubulars when they feel they have no need for them. The buyer
may supply some of his own needs as he abandons old wells. Tubing and
some amount of casing can often be salvaged from abandoned wells. Dur-
ing the life of a well, the tubing requirements in the well may change
"as the well's flow rate and flowing pressure change. Thus, as tubing
is changed out, it becomes available for another well. Thus, tubulars
may be used in several different locations over their useful life.

The final segment of the tubular network is that of storage'and
transportation. As was stated earlier, the cost of freight is sometimes
partially paid by the mill (freight equalization) so the mill can be
competitive in price. With this exception, the buyer is normally
responsible for shipping. There are three ways to ship tubulars, and in
one shipment from source to destination, all three could be used. The
means of shipment are by barge, rail and truck. Barge is the most limited
in terms of locations it can service, while truck is the least restricted.
In this paper, truck and rail only will be considered, since this accounts
for almost all movements of tubulars within the continental United States.
Unless the buyer does his own trucking of tubulars, the buyer will rely
on a common carrier, that is, a railroad or trucking c;mpany. Both
are regulated by the ICC, and thus their rates are published.

Trucking rates can either be based on an hourly rate or a distance
rate. The hourly rate is used when transporting short distances. Pres-
ently, for trucks capable of handling 40,000 pounds of pipe, the rate
is between $45 and $55 per hour for the truck and driver. The distance
rates are based on mileage and weight ranges (Appendix A). Thus, for

a five hundred mile haul, with a minimum weight of 30,000 pounds on the
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truck, the rate is $1.9%4 per hundred weight. This rate has been increas-
ing. Over the last two years, the rate increases have been 7% in April
1978, 3% in April 1979, 3% in June 1979, and 4% in March 1980. The
amount of weight trucks can haul varies according to state law. . These
laws are based on total (gross) weight of the truck and cargo. This -
means the truck can haul roughly 40,000 to 45,000 pounds.

Shipments by rail can be 80,000 to 100,000 pounds. Here again, the
cargo weight is dependent on the track and weight of the rail car. The
cost of rail service is negotiable, even though the rates are published.
Once the rate has been negotiated between the buyer and the railroad,
the railroad goes to the ICC to get it accepted and published (about
forty-five days). If possible, railroads try to set their rates just
below any other type of transportation. Furthermore, railroads would
like their revenue-to-variable costs ratio to be around'i.j to 1. Rail-
roads price their services as a combination of cost of service and value
of service. The value of service is a function of the alternative
type of transportation. The cost of service is a function of product
weight, density, packaging and product value. In negotiating fares

“with railroads, a similar route may be used, or a worksheet (Appendix B)
is used to estimate the railroad's cost. The railroad éhipping costs

are broken into a number of categories in published materials available
from the government. These books run two to three years behind, and thus
the costs in the rate books are escalated using published escalation
guides.

When shipping to the destination, timing sometimes permits the gcods
to be shipped directly from the supplier to the well. When this is not

possible, the materials must be stored in a warehouse (storage yard).
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These locations are centralized in the local region and are either leased
©or buyer-owned. Leased yards are typically owned by a trucking company,
because they want to do the hauling. The charges vary from location to
location, but some typical numbers are that storage costs are thirty-five
. cents per tonywith a $300 month minimum. Loading and unloading are about
fifteen cents per hundred weight. The yards can also perform pipe inspec-
4ion, coating and other‘services for a price. The current price of
thirty—five cents per ton storage is up from twenty cents twenty months
ago and thirty cents twelve months ago.
In yards or waréhouses owned by the buyer, charges for storage can
be balculated a number of ways. It can be a percent of the purchase
price, it can be direct wages plus an overhead allocation, or it can
be charged as so many cents a ton. There is an indirect fixed cost
related to the opportunity cost of the land and facilities owned by the
‘buyer. If the buyer sells his own facilities and uses leased facilities,
he can use the money for other purposes.
The last item necessary for the model to- work is the idea that
inventory costs money. This idea is valid as long as money costs more
-to use th&n the price increase in tubulars over the time the tubulars

are in inventory. The cost of holding an inventory must be separated
from the buyer's decision that since tubulars will be difficult to get
later in the year, he will buy more. The buyer needs to know the holding
cost, but at the same time he must have tubulars to stay in business.

By knowing all the holding costs, he can then make his buying decisions.

The model to be developed in this paper incorporates buying, trans-
porting, storage and opportunity costs. It will be bullt with the idea

that both the buyer and the seller influence the marketplace. Thus,
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the model constraints are sometimes set by the buyer and sometimes by
the seller. The model will attempt to incorporate opportunity costs,
so in an accounting sense, the optimal solution will yield a cost higher
than the actual billed cost. The model will, however, give an approxima-

tion of the true cost of the tubulars being used by the company.



FOOTNOTES

Lparmeo 0il Country Tubular Products Englneerlng Data, Armco Steel
Corporatlon (Middletown, Ohio, 1966), p. A-1.

21bid., p. A-6.

3Ibid., p. A-1.
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CHAPTER II
LITERATURE REVIEW

The initial intent of a 1iteratufe search was to locate models
which were either of a buy, store, or transport nature, or a combina-
tion of the three. After searching the relevant literature, none were
found. In some respects, this is to be expected, since a model of this
type would normally be generated for intra-company use. The seaxrch
started with the computerized data files and ended in a search of relevant
management science publications.

The initial search was done on the computer-based data banks. The
search was undertaken using relevant key words. The following words

were tried either by themselves or in combination with the others:

1) Modei 5) Shipping
2) Mathematical 6) Storage

3) Tubulars 7) Purchasing
4) Transportation 8) Steel.

Key words’are used by the computerized data set as a comparison agalnst
key words in the articles stored in its memory. When a key word the
user selects ccrfesponds to a key word in a stored article, the article
name, author, abstract, date, publication, and other relevant data are
put into an output file for retrieval by the user. Two data files were
tried for this search. These were file ABINFORM on the Dialog system

and file 75 on the Management Content system. These two files were

16
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selected from the available files as being most likely to contain manage-
ment sclience-related literature. Some of the key words generated a
number of computer responses, but after examination, no articles which
were deemed relevant were found.

The literature search was then expanded to the libraries at the -
University of Kansas and Oklahoma State University. A search was conducted
on magazines related tovthe management science field. As articles useful
to this paper were located, the search expanded using the bibliographies
accompanying the articles. The main emphasis in the literature search
was toward articles written in the last ten years. It was felt that
computational equipment capable of solving large networks had advanced
so much in the last ten years, that articles written prior to ten years
ago would be useful only for background material or theoretical approéches.
In the author's opinion, mathematical models and computér codes are
a response to the availability of large computers, that is, industry
pays for only what it can utilize.

Early work done on network models, that is, a series of algebraic
equations which describe a process, can be found in government-sponsored

" research published in the Naval Research Logistics Quarterly. Articles

on various aspects of networks appear regularly in the late 1%40's and
early 1950's. The ability to solve these problems in a straightforward
manner was enhanced by the introduction of G.B. Dantzig's simplex
method. In recent years, literature on the network subject can be found

in a number of magazines, including:

1) Operations Research 3) Networks 5) AIIE
' Transactions.

2) Mathematical Programming 4) Management Science
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Furthermore, many books, theses, and reports have been written on the
many aspects of networks. A listing of articles consulted can be found
in the bibliography. Further background material was obtained from
classes taken in the area of study and the texts used in these classes.
These texts also appear in the bibliography. A few examples of the
periodical literatﬁre available will now be discussed, in order to
illustrate the type of information available. These are:

1) "Network Application in Industry and Government" by Fred Glover

and Darwin Klingman in AIIE Transactions, Vol. 9, No. 4, December 1977;

2) "The ‘Transhipment Problem" [sic] by Alex Orden in Management
Science, Vol. 2, No. 3, April 1956;

3) "A Primal Method for Minimal Cost Flows With Application to the
Assignment and Transportation Problems" by Morton Klein in Management
Science, Vol. 14, No. 3, November 1967;

4) "On Some Techniques Useful for Solution of Transportation Network
Problems" by N. Tomiéawa in Networks, Vol. 1, Issue 2, 1971.

The first article by Drs. Glover and Klingman is a general overview
of network applications. The authors cover transportation problems, file
- aggregation (data bases) applications, transshipment problems, production
planning and distribution applications, fixed charge, plant location,
integer and generalized assignment models. In each case, the authors
describe the problem, the type of data required, the variables, and then
make a statement as to the computer time necessary to solve the problem.

The article by Alex Orden, while dated, was selected because the
subject in his article had a direct impact on my proposed research
topic. The model constructed in this paper will include transshipment

capabilities. The author builds on the basic transportation mathematical
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models, which can be solved using the simplex methods of G.B. Dantzig.
Orden adds the capability to have flow (which could be raw materials,
finished goods, or other items) locations (like warehouses) to which the
originating location ships, allowing these transshipment points to make
the actual shipments to either another transshipment location or the -
final destination. The article, written before the advent of really
large computers, keeps to the conceptual level and goes through an example
to demonstrate the technique.

The article by Morton Klein is concerned with the additian to the
existing techniques of another technique which can solve both assignment
and transportation problems. The article defined a particular trans-
portation problem and proceeded to introduce an algorithm to solve it.
The article 1s of limited use to the model constructed in this report,
since the model in this report can be solved by a canned program without
regard to the internal workings of the computer program. The article
is indirectly useful in that it does give further insight into the
network models.

The final article by N. Tomizawa 1s another algorithm to solve
" transportation networks. The technique for the multisource-multisink
network builds from a subnetwork to the full network. The article is
valuable not for the solution technique, but for its insights into
network problems and their solutions. The solution technique would be
one to consider, if a computer software program were to be written to
solve the network problem constructed in this paper.

The four articles just mentioned, together with the others researched,
are for the most part concerned with coming up with a better algorithm

to solve problems with ever~increasing speed, to minimize computer time.
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While the techniques may help in ensuring the proposed model covers all
aspects of the problem, none address the problem of applying the network

concept to a large problem.



CHAPTER III
THEORY/RESEARCH DESIGN

The purpose of this paper is to develop a mathematical model to
solve a tubular supply and distribution problem. As such, there is
no real hypothesis; rather, the research design will be to obtain a
working model which is capable of handling any size tubulars problem
and which, at the same time, can be solved on a computer using a canned
computer program. This paper assumes that necessary computer algorithms
exist which can solve this model. The model will be laid out in this
chapter of the paper and will be expanded upon using a éimplified
example in the next section.

The idea for this model was born out of the reality that a large
organization like Phillips Petroleum,Company aoes not have a model to
optimize its materials buying, distribution, and storage functions.

At present, work is Jjust beginning to develop such a system. This is

not to say that Phillips does not keep track of its inventories; rather,
the company cdoes it in a manual manner. What is proposed here is a

model which can interface with the materials handling sections of the
company to ensure timely delivery of materiais, while at the same time
minimizing materials costs to the company. This cost minimization
includes the cost of buying, shipping, and storage of the materials.

It also includes the cost of money tled up in company warehouse facllities

and tubular inventories.
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Due to the tremendous amount of externalities, this paper does not
purport to replace manpower by a computer; rather, the computer will assist
the materials man in making the proper purchasing choices.

The model being proposed consists of three distinct functions:
buying, shipping and storage of tubulars. All three are tied together
within the model, because each is dependent upon the other parts. The
model is a series of supply-demand requirements, each having a cost
assoclated with it. For the proposed model, the cost function is a cost
minimization, since no revenues will be discussed. |

The cost‘minimiZation for the model will, for convenience, be
broken into several parts. The cost function for the purchase of the
tubulars is
$i%%%

R

(ta)

°k,t,s

where cost per foot of tubulars,

(¢]
1}

X = feet of tubulars required,

'E = a factor which depends on the market conditions and
type of supplier,

k = type of tubular; an identification number,
t = time period,
s = supplier identification number,

i = supplier location,

i

J = warehouse location of the buyer.

As with most markets, the tubulars market is dynamic. The price
and terms of sale are constantly changing. For this reason, prices will
be allowed to fluctuate over time. The tubulars market shows some typical
signs that Supply and demand truly influence the price. As demand exceeds

supply, prices increase, and terms become more onerous., After the 1973~

1974 0il price increases, drilling increased and tubular became impossible



to get, and prices increased accordingly. A perceived shortage can
also drive up prices, because everyone is buying tubulars for future
use when they think tubulars may not be available.

Price is basically a function of weight of the tubulars; therefore,
price may either be in terms of dollars per ton or dollars per foot.
Tubular prices are also dependent on the type of steel used, the range
of tubulars purchased and other factors. The E factor is a price
multiplier to reflect the type of supplier and the market conditions.

As the source, the mill is the cheapest, followed by the jobber and
finally the local store. The type of tubulars, k, deals with the diameter,
weilght per foot, type of steel, length of pipe, and type of pipe joints
and threads. In this model, k is an identification number which repre-
sents several parameters. Kk could be expanded if desired into ki, k2,

k3 . . . kn, each of which would represent a property. bThus, Xk would
become X4 g2 k3...kn'

The time ﬁeriod can be any the user wishes to specify. One example
might be that t is in weeks for three months, two weeks for the next
three months, and then by month for the next six months. Timing is
" important, due to the delivery date. In buying from steel mills, a
lead time of two or three months is required. Jobbers require a few
weeks and local stores a day‘or two. ’However, local stores cannot supply
a large demand and are also the highest in price.

"s", the supply identification, is a unigue number given to each
supplier. This can be a mill, jobber, local store, or even another
company warehouse. Since this model is continually updated, t =1 is
the time period starting the date the model is run., Therefore, as condi-

tions change, a well may not be drilled and at a warehouse location,
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tubulars become available for use elsewhere.
"j", the warehouse location, is generally the recipient of tubulars.
If the timing is right, tubulars may be shipped directly from the source
to the well. This possibility is one reason the model considers time.
The second part of the cost minimization function is that of trans-
portation. The function is composed of both fixed and variablé costs.
The function is tied to comstraint equations (9), (10), and (11) so
that the shipping weight is broken into two parts: the minimum shipping
weight which the buyer is charged for, whether or not his load weilghs
that much, and the incremental weight over this minimum weight. The

cost functions are:

REEZ [ R PR
t s§ J /@Wisijh’csij(y’cs'] yts,j)
Z:égégég (wat313> t513(yts3 ytsg) (1b)

and Z_’Z.’ZZ’ R (ISWH P +Z§Zl§'§ (ISW J.) (1c)

s 1] t313

where (1b) is the fixed cost and (1c) is the variable cost function.
The minimum cost which the buyer is charged for is based on the fact
that, loaded or empty, the truck or rail car costs something to trans-
port. Therefore, while the rates are based on a unit weight, a minimum
weight 1s assumed for billing purposes if the load being shipped is
less than this minimum weight. CMWR and CﬁWI represent this minimum
weight limit for fail cars and trucks, respectively. aR andaT repre-
sent the cost per unit weight of shipping by rail or truck from supply
source s to warehouse j during time period t. IS‘vJR and ISWT represent
the difference between the actual shipping weight by rail or truck and
the minimum'shipping weight. Both ISWR and ISWT are greater than or

equal to zero. yR and yT represent the number of full rail cars or



gﬂ"ﬁ

trucks shipped. yPR or yPT are a gzero or one variable, which accounts
for any partial fail cars or trucks being shipped. T

_: - As demand and supply fluctuate, sellers (mill) must make concessions
when mill capacity exceeds demand for tubulars. The concession in the
shipping area is that tubular mills will freight equalize with the
closest mill to the destination, that is, the buyer can buy from any
mill, but pays the shipping cost from the closest mill. An example

could be that mills in Texas and Colorado are both vying for an:order
for a well in Louisiana. Under freight equalization, the Colorado mill
would pay the difference in shipping cost to ship from Texas to Louisiana
and Colorado to Louisiana. As demand catches up with supply, this
éoncession is dropped and the buyer muSt pay the full freight cost from
the mill to the destination. Dué.to the regional location of Jobbers

and local stores, freight equalization occurs only at the mill supply level.
To handle freight equalization, the i subscript no longer represents the
location of supfly source s. Instead, it is the 1oca£ion of the closest
mill to the destination of the tubulars warehouse J.

Transshipment between warehouse locations is considered only during
time period one. In reality, it is possible during each time period,
except this model assumes that every destination is serviced by only
one warehouse location. Both shipping and storage are on a weight
basis, as the tubulars for any given destinationshould always flow to the
warehouse with the lowest combination of these two costs. If more than
one warehouse is to service a given destination, the model would have
to be expanded to handle this.

Transshipment is allowed in time period one by assigning any warehouse

with inventory a supply identification s and a location i. This allous



the inventory to flow to other warehouse locations. This is needed only
in time period one to allow for changes made éinoe the model was last
run. The model will seek a minimum inventory level, since the model is
controlled by a cost minimization function. Thus, inventory adjustments
are needed only when well drilling schedules or the tubulars needed

" for day-to-day well workovers change. These changes require that the
model's input data be altered to reflect these changes and that the model
be resolved. The inventory is given a purchasing cost of zero, SO that
transshipment is controlled by shipping, storage, and holding costs.

Tubular storage is the third pért of the cost function. Storage
contains both a fixed and a variable cost eliment. The function

t
JE Py i (BB R Wy m F OB E nR ]
fqr t=1,2...n (1d)
represents the sum of the fixed cost, plus the variable inventory
charge times the difference between the tubulars puroh&sed and on hand
at the beginning of the period and the tubulars actually used.

The first term %Z ijg is the fixed charge for using a warehouse
location. The charge is not time-dependent, because, if the location
is needed, it must be reserved for the time frame the model is run over.
Two types of fixed charges are possible, one for a leased location and
one for a buyer—owned location. In the situation where the buyer leases
a warehouse location, the facility is typically owned by a trucking
company, because they can provide a total service. They can store and
transport the tubulars. For the buyer-owned warehouse locations, the
buyer's fixed cost represents the opportunity cost of having his money
tied up in the facility. In a rapidly rising real estate market, the

fixed cost could become negative because the facility may be a good
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investment. Of the two variables, F represents the fixed cost, and
yF has a zero or one value. yF is zero if the location is not used
during the time span of the model.

The second term is the inventory in location j at time t. btj is
the variable cost element in dollars per ton per time period for the time
period t and location j. The two terms in £he bracket represent the
inventory level on a time period-by-period basis. The first part
ZE é§i1é; kaktsij represents the sum of all tubulars bought for location
J from all the supply points. The number of time periods to sum over
depends on which period the variable cost is being calculated. The
subscript i is merely a place holder iﬁ this term used for clarity. The
next term %; <g§;‘zg wkTRktjd represents the cumulative outflow from
location J to destination d for the number of time periods specified
by t. The inventory level at t=0 is contained in the first of the two
terms in the brackets. Any inventory on hand when the model is run is
considered a supply point for one time period. TR is the tubular
requirement for each destinatién d defined by equation number (2).

The final term in the cost function represents the holding cost
for tubulars. By buying tubulars, money is being tied up which could
be used elsewhere. Thus, the term represents an opportunity cost. The
term represents the increase in value of the tubulars during the time
period, less the cost of the money which is tied up in the tubulars. Both
parts are tihemdependent, as are most prices in this model. Thus, the
model's coefficlents can be generated from a time series, or, if the

materials people are experienced, their best guess would probably be

the best estimate.
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The function
t
=1

% 2—5' Bt 5 [gi‘gxktsij =

represents the holding cost times the purchases of tubulars , less the

Edl TRktjdj for t=1,2...n (le)
uses of tubulars. The first term IS is the change in sales value of

type k tubular during time t at location j and the cost of money tied

up in the inventory. The beginning inventéry is in the first term in
the brackets. The first term in the brackets represents all purchases
from supplier s to warehouse J summed from t=1 to t=t. The subscript i
is used as a place holder. The second term is the outflow from‘warehouse
Jj to destination d. Again, the term is summed over the same number of
periods. ’

The constraints in the model represent either supply and demand
considerations or requirements which must be fulfilled. The subscripts
used in the constraints are the same as those in the cost minimization
function. All subscripts are carried throughout the model; even though
some are superfluous in a particular equation.

The first constraint is bésed on the requirement that the quantity
of tubulars used by a warehouse (for day-to-day well workoveré or sent
to wells being drilled) must be less fhan the quantity of tubulars
purchased (and shipping in from another warehouse in timé period‘one)

for the warehouse. The equation is:
t

t
2 X x .- g_; z TR ,.. 2 0, for all k (k=1,2,...n)
ggi s ktsij t=1 d kt jd in each time period

t=1,2,...n, for each
warchouse location j=1,2,...n.

, , (2)
This equation checks each time period for each type of tubular (k), such

that the amount transshipped from another (supplier) warehouse in time

period one plus the amount purchased from all suppliers is more than the
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amount used. Every time this model is run, the start date is updated to
the current time. Should conditions change, present inventories in
the warehouse locations may need to be moved to another location for
better utilization. Thus, the model assumes the beginning inventory
is =ero, because any inventory becomes a source '"s" available for éhipping
in time t=1 with a tubular price "c'" equal to zero.
Tubular mills roll according to a fixed schedule. Accordingly,
the quantity purchased cannot exceed that which the mill is willing
to sell to a given buyer.

P TS L 0 f = i i ]
- s = £ or k=1,2,...n in each time period
J thSlJ kts t=1,2,...n for each s=1,2,...n. (3),

where TS is the available tubulars of each kind, available in time t
from supplier s. This equation applies to all suppliers, because for
the jobber, local store, and any mill warehouse stock, the ultimate
source 1is the mill. Thus, each source is limited by the chain as to
the quantity which it can purchase for resale . Furthermore, in decid-
ing the quantity the buyer may purchase from them, each supplier must
consider its relationship with the buyer. This buyer-seller relationship
is a concern the buyer must consider wheh selecting his supply sources.
As previously indicated, the buyer needs a dependable supply, particularly
when the market demand exceeds supply and tubulars becomé scarce. In
addition, several supply sources are neéded, because not all suppliers
carry all types of tubulars. This is particularly true when the buyer
needs a large diameter (twenty-inch casing or larger) tubular, a special
steel type, or a special thread or tubular joint.

Tubular mills allocate their capacity on a ﬁons per period basis.

Here the period may be three, six, or twelve months. When supplies



exceed demand, this equation does not constrain the buyer. As demand
exceeds supplies, mills put their customers on a smaller and smaller
allocation basis. For this reason, mill-buyer relations are very

important. The equation
ZZ:%' WX sij " M < 0 for s=1,2,...n W)
limits the tubulars purchased over the allocation period to the mill
allocation in tons (MT') which the buyér has from each mill. Depending
‘on the buyer's needs, either the mill's allocation, equation (4), or
the mill's rolling schedule and tubular availability, equation <3), nay
1imit the buyer's purchases from a given mill. Wk is a conversion factor
to convert from tubulars in feet (Xk) to tubulars in terms of weight.
In handling tubulars, tubular mills tend to think in terms of tons of
tubulars, freight carriefs in termstf pounds, and buyers in terms of
feet., Thus, price quotes and requiremént schedules may be in different
units. W allows schedules to be used as they are, with the k subscript
identifying the type of tubular in question.

Relationships between buyers and suppliers, particularly mills
and Jjobbers, are based on past performance. For this reason, buyers
1imit their purchases from each mill and jobber, so they do not buy from
only a few sources. Thus, when supplies become tight, the buyer has a
relationship with several suppliers; so, if he gets cut off from one
supplier, he still has others to whom he can turn.

The following equation limits the amount of tubulars purchased
from any one socurce:

PP g uk ktsw < P forall &=1,2,...n  (5)

k t
58z N
t s k ktsi]
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where PS is a percentage selected by the buyer as the maximum percentage
of tubulars, on a ton basis, which he wishes to buy from supply soﬁrce s
over the time frame the model is run. Since there are a number of mills
and Jjobbers, the sum of all PS could be 5 or 6, as some sources may not
be used and others are not used to the maximum allowed percent.

To ensure that several sources are used, the following constraint
is added to the model, so the minimum number of mills and jobbers used

can be controlled by the buyer.

S -
2% 2% thsij - ysM.S 0 for s=1,2,...n (6)
3 ‘
ZS; ys 2 G (?)1

where ys is a zero or one variable, M is a large number, and G is an
integer which is the minimum number of mills and jobbers the buyer
wishes to use. In equation (6), should the buyer purchase tubulars
from supplier s, ys is forced to a value of one. The value of G may
become academic in a tight market, because suppliers may tell the buyer
exactly what he can buy, or they may refuse to sell the buyer anything.
A similar equation to equation (6) is needed to determine which
warehouse locations are used, so the fixed warehouse cost can be added

to the cost function.

% 252;1 Yepeis ~ yg‘M < 0 for 71,2,...n ‘ (8),

where yF is a zero or one variable. This equation forces yF to be one

if tubulars are stored or moved through locaticn j during any time period
over which the model is run. yF is used in the storage function (ic).

In this model, this equation is somewhat superfluous, because each
destination point is serviced by only one warehouse location. Should

the model be expanded to allow more than one warehouse to supply a given

destination, this equation would take on more meaning.
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The final set of equations works with the shipping function to
identify the number of tfucks or rail cars needed, maximizing the load
each truck or rail car carries, thus minimizing shipping costs. The
first equation is

h3¢ _ R, FR, T T . FT,_ .
T "fkesi tsij Uisy T Vie s/ Mg (g * ¥igy) = 0 for each

s,J combination and t=1,2,...n (9),
where yR and yT are integers greater than or equal to zero, and yFE and
yET are greater than or equal to zero but less than one, and MWR and MWT
are the maximum weights allowed in a rail car or on a truck by fhe
freight carrier or by law. This equation divides up the loads from
source s to warehouse j into full loads (yR and yT) and partial loads
(yFR and yFT). Each full and partial load is charged a fixed shipping
cost equal to the minimum shipping weight times the cost per unit of

weight. To make yFR and yFT count as a whole truck in the fixed cost

shipping function (1b), the following equations are used:

FR PR PR | .
Yisj gy S 0, where y ~ is a zero or one integer, (10a)
FT PT PT . .

Vis; Yis; < 0, where y ~ is a zero or one integer . (10b)

Thus, yPR and yPT are the partial lcad variables for all s to J combi-
- nations where t=1,2,...n.

The 1 subscript is not carried on the y variable, because the trucks
and rail cars are shipped from source s, regardless of where the freight
equalization concession says they are in effect shipped from. Therefore,
any weight limits are controlled by the path from s to j and not from
a freight-equalized point to J.

The third equation of this final set establishes the amount of
incremental weight over the minimum weight for which the buyer is charged

if his shipment is more than the minimum weight. The equations are
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R =
(y£s3 y£SJ Mw§s13 ISW?S Mw5513<ytsg yfsg) =0, (iia)
T FT oy _
(y£SJ ytsg) CMWt31J+ Iswtsj t313(y£53 ytsg) =0, (1jb)

for each s,j combination, and t=1,2,...n and ISWR and ISWT are greater

than or equal to zero. The incremental weight for each shipment by rail
(ISWR) or truck (ISWT) represents the weight not already paid for in the
fixed charge shipping function (1b). This incremental weight is the
difference between the actual weight shipped from source s to warehouse
j during period t, and the carrier's minimum weight requirement (CMWR
and CMWT)Vtimes the number of trucks or rail cars used. This method of
tracking the number of trucks or rail cars is necessary, because while
the railroads and truckers treak down their tariffs to a unit weight,
there is a minimum fee for shipping a rail car or truck, for which the
buyer)must pay, regardless of the amount shipped in that rail car or
truck.

These equations represent a mathematical model, which, when expanded,
will give the materials man the opportunity to optimize tubular buying,
shipping, and storage. Furthermore, the model ensures tubulars will

be purchased in a timely manner and from the widest range of sources,

‘which the materials man can control.



CHAPTER IV
RESULTS AND ANALYSIS

The tubular buying, transporting and storage model developed to
this point is represented by generalized equations. These equations
will be expanded in this section using a simplified example. The num=-
bers used in this example are current prices as of the second quarter
of 1980. The tubular prices used are éhown in more detall in Appendix C
of this paper. Table I detalls the example used in the paper.

The model constructed in this paper is designed to be run with a
minimum of hard-to-get information. The model is designed to use data
already available'to the materials sectilon, which the materials section
uses to perform the buying, shipping and storage functions. The model
merely takes these data and seérches for an optimal solution much faster
than can be done by hand.

Data acquisition begins with the price lists and other published
data. The steel mills which sell tubulars all put out a price 1iSt
(Appendix C). This price list spells out the price and terms for each
kind of tubular. ZPrices for Jobbers and local stores are obbained
either by calling for a quotation or by price lists published by these
supply sources. In general, tubular prices for non-mill sources can be
predicted by the type of source and the market supply-demand conditions.

In conversations with the Phillips materials group, the jobber and local

34
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store prices vary as follows: |

1) The mill price may go up during a tubular shortage and mills
will not freight equalize with other mills; ‘

2) Tubular storage and supply yards owned by tubular mills charge
the same price as the mill when tubulars are not tight, but will charge
- 10% more than the mill when tubulars get tight (that is, demand exceeds
supply) ;

3) Jobbers charge the same as the mill when supply exceeds demand,
but will charge aboﬁt €% more when tubulars get tight. Jobbers make
their money from the discount they get from the mill. The mills give
jobbers a 6% discount from the listed prices;

4) Local stores sell tubulars at about a 10% premium when the
supplies are not tight. As tubular supplies tighten, this premium
rises to about 20%.

These are useable guidelines, unless the materials section prefers
to get a quotation from the Jjobbers and local suppliers normally used.
These general price adjusimenis are based on the mill price. The mill
price can also change with market conditions. Over the past ten years,
market prices have had large fluctuations (over a two or three-year
span, prices have doubled and fallen by ﬁore than half), but the price
trend is upward to keep up with inflation.

Using the data from Table I, function (1a) can be expanded from

Z: Z: INPMDN c,, (1+E)X

s i J kts ktsi]

to Gy ,1 1(1+E)X1 1,1,1,17 G 1 1(1+E)X1 1,1,1,27 %11 2(1+F>X1 1,2,2,1°
14 +
q_i 2( E)X ,1,2,2,27 Co g 1<1+B>X2 1,1,1 1+ o1 1(1+E>X2 1,1,1,27



TABLE I

DATA FOR THE EXAMPLE SHOWN IN THIS ANALYSIS

TUBULARS TYPES

k=1 9-5/8" diameter, J55 steel grade, 40 pounds/foot weight,
buttress joint; : ‘

k=2 5" diameter, J55 steel grade, 15 pounds/foot weight, round
thread with a long coupling.

TIME -- 2 perlods, each equal to one month
SOURCES

s=1 Jjobber
s=2 Lone Star Tubing Mill

LOCATION '
i=1 Houston, Texas
i=2 .. LoneStar, Texas

WAREHOUSE LOCAT ION

J=1 Odessa, Texas
j=2 Eldorado, Arkansas

FINAL DESTINATION

d=1 well close to and supplied by Odessa, Texas to be drilled
during time period one;

d=2 well near and supplied by Eldorado, Arkansas to be drilled
during time period two.

TUBULAR PRICES -- assume demand exceeds supply (price per foot)

Time Period One ' Time Period Two

9__5/8n 5u 9_5/8u 5:1
Mill 17.10 6.38 17.96 6.70
Jobber 18.13 6.76 19.03 7.10

SHIPPING DISTANCE

Mill to Odessa 452 miles Jobber to Odessa 518 miles
Mill to Elderado 155 miles Jobber to Eldorado 378 miles

FIXED STORAGE CHARGE (both warchouses are leased)

Odessa $300 per month
BEldorado $250 per month



TABLE I (CONTINUED)
VARIABLE STORAGE COST

Odessa $0.35 per ton per period
Eldorado $0.35 per ton per period

HOLDING COST

1% per month of the average value of the tubular, approx1mated
by 1% of the mill price from the closest mill.

INVENTORY LEVEL AVAILABLE FOR TRANSSHIPPING DURING TIME PERIOD ONE
NONE AVAILABLE
‘TUBULAR REQUIREMENT (TR)

Well d=1 12,000 feet of 5' casing = TR

2,1,1
1,500 feet of 9-5/8" casing = TRy 4 4
s 2
Well d=2 5,000 feet of 5" casing = TR2 5
] s
500 feet of 9—5/8" casing = TR
1,2,2
MILL ALLOCATION IN TONS (MT)
MT2=110 tons or 220,000 pounds
TUBULAR AVAILABILITY (TS)
Source Time Period Tubular Quantity
Jobber (s=1)  t=t L,,000 feet of 5" casing, 400 feet of 9-5/8"
casing
t=2 3,000 feet of 5" casing, 700 feet of 9-5/8"
casing
Mill (s=2) t=1 10,000 feet of 5" casing, 1,400 feet of 9-5/8"
casing
t=2 3,000 feet of 5" casing 0 feet of 9-5/8"
casing

PERCENTAGE OF TUBULARS PURCHASED FROM EACH SOURCE (P)

Jobber %
Mill 65%

NUMBER OF SOURCES TO BE USED (G) -- 2
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TABLE I (CONTINUED)

TRANSPORTATION WEIGHT LIMITATION
R
MW, %maximum weight per rail car) = 80,000 pounds
MW" (meximum weight per truck) = 40,000 pounds

Assume only trucking is available, because the warehouse locations
do not have a rail car siding from which to unload.

CMW® = 30,000 pounds
SHIPPING COST

Use schedules in column 6 in Appendix A.
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The shipping cost is a function of fixed and variable costs when
shipping is done by truck. When shipping by truck, up to a minimum
weight, the shipping cost does not change. Over a certain weight, the
added weight costs so many cents per hundred weight to ship. The minimum
welght which the buyer is charged is dependent on which rate schedule
the trucking company is using. These rates are subject to ICC regula-
tions and are published by the 0il Field Haulers Association, Inc.
Appendix A gives a sample calculation and a section of the tariffs.

When shipping by rail, the shipping rate is negotiated between
the buyer and the railroad. The buyer first calculates the estimated
ralilroad cost. This is done using a worksheet like the one found on
page B-1 in Appendix B. FEach item on the worksheet can be estimated

using the current Rail Carlcad Cost Scalss, which 1s published by the

Ice (Interstate Commerce Commission) Bureau of Accounts. These publi-
cations normally run three years behind, so the costs are escalated using

ratios published in industrial publications like Traffic World. With

this cost, the buyer looks at both the published rate schedules and his

past shipping cost. Using these items, the buyer and the railroad



negotiate a rate, and the railroad must get the ICC's approval if the
rate is a new one. This approval takes about forty-five days. Presently,
Congress is working on legislation which will change the rate rules for
the transportation industry. If possible, the railroad will try to set
the shipping rates slightly less than any other means of transportation.

The two shipping functions (1b and ic)
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can be expanded (assuming no rail transportation, s=i and CMﬁT is a

constant) to
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The third cost function is the cost to store tubulars in the
leased or company warchouse. These rates are set by the warehouse owner,
generally a trucking company, if the warehouse space is leased, or the
rates are calculated from accounting data if the warehouse is company-
owned. Company-owned warehouses may charge by the unit weight, by the
gross value of the tubulars, or even by the square feet of warehouse
space used. This charge is added to the tubulars and charged to the
well as part of the cost of the tubulars used in the well. Loading and
unloading charges at‘a leased warehouse are not considered in this example.
Since these charges are normally on a weight basis, they can be handled

in the transportationtfunction. The storag% function

Z F + : — | =

= Py + 2o, (& ZZ Xty ~ B 21 %TRktjdj for t=1,2,...n
F F \
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and finally, using the data in Table I, to
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The final cost‘function is that of the opportunity cost foregone
by investing in tubulars. This function is similar to storage cost,
except no money really changes hands. Only if the tubulars were bought
with borrowed money would the hold cost be clearly tied to a cash outlay.
Normally, internal funds are used for tubular purchases, thus the fore-
gone investment opportunity is not realized by many people. While
0il companies are not in the business of investing in inventory, at
times, the hold cost may reduce the total materials cost, due to a price
increase which exceeds the cost of money. Hold cost in this model will
be one percent per month of the sales value of tubulars. This is only
one of the many ways that opportunity Eosts could be handled.

The hold cost function (le)
] %% Isktj(égi Z Yerois™ 215 TRy 0
expands to: I8y 4 4 (Xy § 4 4 ¥ Xy g 55 TRy g4 4) TI8 45
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This expanded version can be easily
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substituted with numbers for IS and TR.

T

Each of the warehouse locations must be kept separate, because if
a function of sales value of the tubulers is used for inventory cost, the
sales value may be different from location to location. This is partic-~
ularly /true inan international market, because import tariffs and trans-
portation over long distances can substantially reduce the value of

tubulars if they must be sold in a distant location.
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The first model constraint is a combination invéntory equation
and demand equation. The equation

t $ s
DI Xesis ~ 0 )24 TRy 2 0 for B=1,2,00um; 51,2, 000m5 51,2,.0m

expands to
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Numbers from Table I are then substituted for the abo&e eight equations.
For k=1, t=2, j=2, the equation for this example becomes
X + X

+ X 0 - 50020.

1,1,1,1,27 *1,1,2,2,2" %1 2,1,1,27 %1 ,2,2,2,27
These equations ensure the tubulars required at the well or for day-
to-day well workovers will be avallable. When TR is a well requirement,
it will appear only once in the model, that is, a drilling well requires
casing only once, when it 1s drilled. However, because wells can take
several months to drill, not all casing may be brought to the well in the
same time period. Thus, for a given well, not all the tubulars may be
bought in the same time period. The value of TR, the tubular requirement,
can have a number of sources. These éources depend on whether the

requirement 1s for a new well or a warehouse location. For the ware-

house location, the values are typically whatever the local office can
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get the company to buy. This results in unnecessary surplus. A better
way might be to analyze past requirements on a per well basis, in order
to determine a time series relationship which would predict warehouse
inventory needs based on the number of active wells and any other
relevant parameters.

For the well needs, materials people get requirements from field
offices from one to twelve months in advance. These estimates are based
on the proposed wells to be drilled and the tubular requirements for
each well. Due to the uncertainty of the drilling schedule, it’changes
constantly. Using the requested requirements, the materials section
estimates the buying needs by tempering the requirement with past ex-
perience. DPast experience may tell the materials man that there are
not enough drilling rigs in the area to drill the number of wells the
field office has in mind, or, experiehce may cause the materials man to
ask if certain, more readily available typeé of tubulars might do the
Jjob just as well as the proposed tubulars for a given well. The field
office and the materials man’are somewhat at odds with each other. The
field office wants maximum flexibility in its drilling schedule, so it
asks for all the tubulars it might need. The materials man is trying
to keep inventories at a minimum, while supplying the field requirement,
because the cost of a drilling rig waiting on tubulars to be delivered
will probably exceed the value of the tubulars,

The nexi two equations represent the quentity of supplies available
to the buyer. These quantities are in terms of total weight purchased
and each kind of tubular purchased. In dealing with a mill, a negotla-
tion takes place. The buyer is told his welght 1limit for the period

and the mill's rolling schedule by the mill. From here, the buyer puts
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in an order, and then the mill responds with the amount they will

supply. In Table I, the mill's rolling schedule, total weight alloca-
tion, and the quantity the jobber and mill are willing to sell the buyer
are given. In reality, the quantity may not be available until the order
is placed. Therefore, the model can be run with some assumed number

and then revised as the mill and Jjobber respond to an order. The

equations Egkktsij_ Tskts 40 for k=1,2,...n, t=1,2,...n, and s=1,2,...n
and %; %; {? wkxktle"MTS 40 for s=1,2,...n expand‘to:
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exist because the jobber sells tubulars as iltems and is not concerned
about total weight. Numbers for TS and MT' for these equations can be
inserted from Table I.

The model uses three equatlons to regulate how much is bought

from each supply source. These equations,

ZZZWX ’
k 1 3 "kiktsij £ Ps for s=1,2,...n
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‘E > X —yngO for s=1,2,...n

ktsig
)M

=G,
ensure that enough mills (and, to a lesser extent, jobbers) are ordered

(/;4(/) &N

from, so that as tubulars become difficult to obtaln, the buyer has a
working arrangement with the mills. If any inventory is carried into
this model, it is, as was stated before, treated as a supply’poiﬁt with
goods available in the first time period. In these equations, P for
this kind of supply point can be set at some high value like 1.00, and
G can be increased by the number of these pseudo supply points.

The values for P and G are set by, the materials section of the
buyér. P keeps any one supplier from gaining too much of the total
order, while G ensures that a number of sources will be used. Thgse
equations are expanded into the following:
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yf + yg 2 G.

In this example from Table I, G would be 2 and M should be around
20,000, In a full network model, G could become 20, not counting any

warehouse inventory supply points, and M might become 20 million to
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ensure that the equations do not restrict the tubular purchases from
any one source. The equation's purpose is to force the model to buy
from more sources. In forcing the model to buy from a source the model
would not normally choose, the cost function is not truly minimized.
However, this is only true in the short run. In the long run, this may
 ensure supplies when supplies cannot kéep up with demand. The model
can be run several times to see what the additional cost is to buy
from that last supplier; If this cost is identified, it may be that
it would be better not to buy from that last supplier.

The equation & Z Z s y? M £0 for j¥1,2,...n
supplies the storage function (1d) with the zero or one integer for
the fixed cost part of the function. In this equation, the number of
warehouses is not forced to be above a minimum number. If the user
of this model intends to use all warehouse locations, or if wells are
serviced from a single warehousé, then the fixed cost part of the storage
equation and this equation are not needed. The equation expands to:
X X

+ X + X

, +
1,240,007 %2 20,017 % 12217 %2 1,2,2,1
—-yf M&o ' =1
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0 j=2.
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F
+ + - M £
X1,2,2,2,27 22,2227 V2 N E

Again, M must be large enough, so this does not restrict tubular flow
into any warehouse location.
The final set of equations to be expanded upon are those which
deal with the number of rail cars or trucks to be shipped. In the example
used in this section, rail cars wére assumed not to be practical, so
as to simplify the example. Therefore, equations (9), (10b) and (11b)

can be expanded as follows:
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The other five combinations of t, s, and j are similarly written.
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When generating the coefficient matrix for these equations, the
‘only specified numbers in these equations are MW and CMW. In Table I,
both are constant. The maximum weight (MWT and MWR) is a function of
several factors. First, state 1aws allow gross truck weight to be only
so much. Thus, the maximum shipping weight is equal to the difference
between the state limit and tﬁe net weight of the empty truck. Since
each truck has a different empty weight, it also has a different pay
load. Next, weight laws differ between states; therefore, the truck

must be loaded such that it does not exceed the maximum weight limit of
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any state it travels through. Ralil cars are similar to truck, except
their loads are iestricted by the weights railroad beds can handle.
Normally, these weight restrictions for trucks and rail cars are the
limiting factor, and not physical limits that the truck or rail car
could hold.

The minimum welights are set by the published ICC rate schedule.
An example of one of these is in Appendix A. These minimum weights
do nothing more than set the minimum total shipping cost for a particular

load.



CHAPTER V
SUMMARY AND CONCLUSIONS

The model developed in this paper was done so for oil country
tubulars., The model makeup is extremely general and can thus be used
for any type of buying, shipping, or storage problem. The‘model‘can be
run with many of the equations left out, or with parts of the individual
equations set to zero. This is particularly true for the cost functions.
Thus, because of the model's general nature, while 1t works for tubulars,
it will work for other commodities aS well.

Having initially set up the model, the user will find a large
number of coefficients are necessary if the model 1is tb approximate a
normal tubulars problem for an oil company. The example used to demon-
strate the mbdel was kept small to keep the equations from growing
unwieldly. Relating this to Phillips Petroleum Company can be done by
expanding the sources from 2, in Table I, to 12 mi118,436 Jjobbers, and
at least 50 local stores. Furthermore, Phillips uses tubulars with
over fifteen different diameters, with six or more thread and tool
Jjoint configurations, three or four different weights, and three or four
different grades. These numbers, when multiplied by forty-five ware-

. matrix of 300 million locations,

house locations, result in a X, . .
ktsij

assuming that i=s (freight is not equalized) and the model time span

is fifty-two weekly time periods.
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Fortunately, this number can be greatly reduced through the
following:

1) Not all mills make all types of tubulars.

2) Instead of weekly time periods for a year, one week time periods
could be used for the first three months, two week time periods for tﬁe
next three months, and finally monthly time periods for the last six
months of a year time span.

3) Not all types of tubulars are required at every warehouse location.
In addition, the types of tubulars in common use are restriotea to about
sixty kinds. The remainder are special-order items which are ordered
for a specific well and would not be used for other wells.

These three reductions can result in the X matrix size being reduced
to about 8,000,000 locations. The matrix, when combined with the other
coefficients and integer variables, still results in a large problem.

The model in ordering tubulars actually orders for a total warehouse

need, and not for a well. It is only as the model pulls the tubulars
out of the warehouse that they are identified.by the model. For this
reason, the model is of 1little help in ordering special types of tubulars
‘which can be ordered from only a few suppliers and which will be shipped
to a specific well. The choices are so small, the answer is more easily
obtained using a manual solution. This is why a normal model would have
only sixty types of tubulars in‘its data base.

The user may wish to eliminate some of the integer and zero-one
variables, to help in the model's solution. First, the zero-one variables
for fixed warehousing cost can be éliminated if the user assumes that
all wells are serviced by a unique warehouse location. Secondly, by

changing the equations dealing with the numbers of trucks and rall cars
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shipped, the zero-one variable associated with these equations and
the transportation cost function could be»eliminated. The model could
be changed to a continuous cost function. This would require that the
weight constraint equations for a truck or rail car have both a minimum
and a maximum weight specification. Finally, the user could drop out
all the shipping weight constraints if he wished to schedule all the
shipments. In dropping.out all the shipping weight constraint equations,
care would have to be taken, so that a particular shipment did not
contain only a few pounds of tubulars.

The model described in this report would be very well suited for
a front end and tail end processor program. These programs would be
used to calculate coefficients and put the output from the model into
a useable form. A front end processor would allow the user to make small
changes, then rerun the model with a minimum of effort. To start with,
prices for tubulars are often raised as a percent of the existing price,
that is, all prices ﬁay rise (or fall) by a specified percent. The
front end processor could have the option to raise all prices by a percent
factor. Shipping and storage costs in the past have also risen by a
- percent. Thus, the percent rise could be entered into the processor,
and the program would calculate a whole new set of coefficients. The
front end processor could be used to calculate the coefficients in either
a tight market or a soft market (supply exceeds demand). By doing re-
gression analysis on past pricing, these re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>