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THE PETROLEUM INDUSTRY OF IRAN
by

L. Nahai ! and C. L. Kimbell 2

INTRODUCTION

Iran's petroleum industry is nearly 50 years old and the oldest in the
Near East. According to published figures, Iran ranks third in production and
reserves in the Near East. These reserves (including probable reserves) are
estimated at 35 billion barrels and constitute about 11 percent of the world's
total.

Iran is the sixth largest producer of crude petroleum in the world. The
1961 output of more than 430 million barrels was 5 percent of total world out-
put for the year. In the same year, Iran ranked fourth among world petroleum
exporters, providing 8.4 percent of total world exports.

Iran's crude and product exports meet part of the requirements of many
countries in Europe, Asia, Oceania, and Africa. In 1960, about 12 percent of
net crude imports of Western Europe was supplied by Iran. Shipments to Canada
and Australia accounted for 17 percent and 14 percent, respectively, of the
net imports of these countries. India obtained 57 percent of its net crude
imports and Republic of South Africa almost all its crude imports from Iran.
Although considerable crude oil moved from Iran to the United States, the
quantity was insignificant in U.S. total net import. Major recipients of
Iranian refined products in 1960 included the Republic of South Africa, the
United Kingdom, India, and Pakistan,

The importance of the petroleum industry to Iran's domestic economy is
well known. In 1961 it accounted for about 19 percent of the country's gross
national product. The industry is the largest industrial employer, the larg-
est source of foreign exchange (nearly 70 percent), and is estimated to con-
tribute 25 percent to the total government revenue.

1Near East specialist, Division of Foreign Activities, Bureau of Mines,
Washington, D.C.

2Foreign minerals specialist, Division of Foreign Activities, Bureau of Mines,
Washington, D. C.

Work on manuscript completed January, 1963.



Iran's increasing energy requirements are being met by the industry.
Petroleum products are available in all parts of Iran in ample supply and at
reasonable prices. Virtually all mechanized transportation is powered by
petroleum. 1In 1961 petroleum and natural gas supplied 94.6 percent of Iran's
commercial and industrial energy needs.

Although petroleum and natural gas resources are the properties of the
State, the Petroleum Act of 1957 provides for conclusion of agreements with
foreign companies that meet necessary requirements to carry out petroleum
operations. After passage of the Act, three companies concluded agreements
with the Government of Iran, two of which successfully brought in commercial
production in offshore areas. There are other districts that are also open
for petroleum operation.

Iran is a member of the Economic Commission for Asia and the Far East
(ECAFE), a United Nations' organization. As the largest petroleum producer
among ECAFE regional nations, it is in a position to play a leading role in
the petroleum activities of the organization. At the Second ECAFE petroleum
symposium, Iran offered training opportunities for nationals of other ECAFE
regional members and proposed '"to make available its vast reserves of natural
gas under favorable conditions and at a reasonable price to countries of the
ECAFE region, particularly neighboring countries.' Iran is also a member of
the Organization of Petroleum Exporting Countries (OPEC). The technical
experience that has come because of the early start of the industry in Iran
and the legal knowledge gained by negotiating various types of operating
agreements with producing companies should contribute to the deliberations of
ECAFE and similar organizations.

Because of the competence of Iran in international petroleum problems,
the importance of this industry to the domestic economy of Iran and free
world oil supply, and the expected availability of additional petroleum dis-
tricts of Iran for exploration by foreign capital, a brief treatment of the
Iranian petroleum industry with historical developments might be useful to the
U.S. Government and to private industry, especially because an overall treat-
ment is not generally available. Furthermore, the report is part of a series
by the Bureau of Mines, a series of analytical and statistical reports on the
mineral resources of foreign countries. The report is based on published mate-
rial and other information on the general geology and the general economic
conditions of Iran.

DEVELOPMENT OF THE INDUSTRY

Petroleum development in Iran until nationalization of the industry in
1951 is essentially the story of over 40 years of operations of a single com-
pany, known as the Anglo-Persian 0Oil Company (APOC) until 1935 and the Anglo-
Iranian Oil Company (AIOC) until 1954, This company was formed to exploit the
concession granted to William Knox D'Arcy in 1901, Before the D'Arcy agree-
ment, at least six concessions for exploitation of minerals, including



petroleum, were granted by the Iranian® Government, the first of these being
the one granted in 1872 to Baron Julius de Reuter, a British national. How-
ever D'Arcy's concession was the only one that was followed through to suc-
cessful production.

After the D'Arcy concession was approved, diverse Iranian, U.S., French,
Dutch, and Russian firms at various times during 1916-46 negotiated for or .
were granted areas in the so-called five northern provinces that were excluded
from the D'Arcy concession. For a variety of reasons, these concessions were
cancelled or abandoned before any commercial production was achieved. The
only geological work of any significance was done by Amiranian 0il Company
(U.S.) in 1937-38 and Allgemeens Exploratie Maatschappij (Dutch) in 1939-44.
Amiranian was a subsidiary of Seaboard 0il Company of Delaware.

D'Arcy Concession and APOC/ATOC Operations and Negotiations 1909-51

The principal terms of the D'Arcy concession and the evolution of the
Anglo-Persian Oil Company are briefly discussed in Appendix L. The original
agreement required the company to pay the Iranian Government "annually a sum
equal to 16 percent of the net profits of any company or companies' that may
be formed.

Perhaps the dominant feature of the relationships of APOC/AIOC and the
Iranian Government during this period was the continuing attempt on the part
of Iran to obtain a larger share of the profits to which it felt entitled.

The government's efforts were naturally influenced by the degree of technolog-
ical sophistication and know-how.developed by Iran and by a feeling of rela-
tive strength, based both on internal conditions and prevailing international
situations.

Three events subsequent to the signing of the D'Arcy concession may be
regarded as turning points in the course of company-government relations,
These are the Armitage-Smith Agreement of 1920, which played such an important
part in the arguments concerning nationalization, the New Concession Agreement
of 1933, and the 0il Nationalization Act, ratified on April 28, 1951. (The
principle of nationalization was approved by Parliament on Mar. 21, 1951.)

Armitage-Smith Agreement

Two points covered in the D'Arcy concession agreement became controver-
sial by 1919. First, AIOC* felt that the computation of royalties should be
based only upon the net income of firms related directly to the D'Arcy con-
cession and operating at least in part in Iran, while the Government

STechnically, the term '"Persian Government' should be used for the government
before 1935, For consistency, however, "Iranian Government' is used
throughout this report,

40fficially, the company was known as Anglo-Persian 0il Company (APOC) until
1935, but for consistency, Anglo-Iranian 0il Company (AIOC) has been used
in the balance of this report.



maintained that it should be based on the net income of all companies formed,
including subsidiaries operating wholly outside of the country (40).5

Secondly, the company contended that the Government had failed to protect
company property as specified in the agreement (tribesmen cut the Masjed-e
Soleyman pipeline in 1915) and that it was therefore justified in withholding
royalties due the Government as payment for damages incurred. The Government
rejected this proposal, arguing that it was not liable for this damage which
was essentially sabotage against the British beyond its control.

Sidney Armitage Smith represented the Iranian Government in its negotia-
tions with the company, and an agreement was reached in December of 1920. TIts
principal provisions included the following:

1. The Iranian Government was to receive an annual royalty of 16 per-
cent on net profits of AIOC and its subsidiaries, whether in Iran or
not, except that the Government was not to receive royalty on profits
of the AIOC and AIOC subsidiary tanker fleets moving Iranian (or other)
oil. '"Subsidiary companies' were defined as any company over which
ATOC held control, by virtue of 50 percent of ownership or by virtue

of being able to select over half of the board of directors.

2, Deductions allowable in the computation of net profits were
specified in some detail.

3. A system of checking AIOC accounts (on which royalty payments were
based) was explicitly stated.

4, In conjunction with the basic agreement a collateral agreement was
signed under which AIOC agreed to pay g§] million as settlement of the

dispute over royalty payments that had been withheld because of pipe-

line damages.

1933 Revision of the D'Arcy Concession

Under this agreement, the basis for computation of royalty was changed
from 16 percent of net profits to 4 gold shillings per ton of petroleum con=-
sumed in or exported from Iran. In addition, the Government was also to
receive a sum equal to 20 percent of the annual profit distributed to the
account of ordinary stockholders of AIOC in excess of £671,250, regardless of
whether the distribution was as dividends or accretions to the cash reserves
of the company in excess of reserves on hand at the end of 1932 (40). Further
financial details and other salient facts on this agreement are given in

Appendix 2.

The 1933 agreement further specified that the concession was to remain in
force until 1993, but the concession area was reduced to 100,000 square miles
(selection of the boundaries of this area was left to AIOC). From 1933 to

5Underlined numbers in parentheses refer to items in the bibliography at the
end of this report.



nationalization in 1951, operations of the company grew, rather slowly in the
early thirties but more dramatically shortly before and during World War II
(except for 1940 and 1941). By 1950, the last full year of AIOC's operation,
crude production attained an average of 664,000 barrels and throughput at the
Abadan refinery averaged 526,000 barrels per day, The Abadan refinery also
became one of the world's largest aviation gasoline producers.

Nationalization

Many factors led to the nationalization of AIOC holdings, and arguments
on both sides have been fully covered in the petroleum press (34, 35). An
unofficial translation (40Q) of the resolution pertaining to the nationaliza-
tion of the o0il industry, which was passed by the Iranian Majlis (Lower House)
on March 15 and the Iranian Senate on March 20, says:

"For the happiness and prosperity of the Iranian nation, and for
the purpose of securing world peace, it is hereby resolved that the
0il. industry throughout all parts of the country, without exception,
be nationalized, that is to say, all operations of exploration,
extraction and exploitation shall be carried out by the Government."

Following the seizure of the industry in 1951, production and foreign
marketing of crude oil and products, which had continued to rise markedly
since the end of World War II, were severely curtailed, as will be shown.
Iran received little income from the oil industry following nationalization
and was forced to keep the installations on a care and maintenance basis.
Moreover, much of the international market demand hitherto supplied by the
Iranian oil industry was taken over by increased production in other Middle
Eastern countries.

Post Nationalization--The Consortium Agreement Area

After prolonged negotiations, the Iranian Government on October 29, 1954,
approved an agreement with Iranian Qil Participants, Ltd., an international
consortium, in order to bring the Iranian oil industry back into large-scale
production.

Iranian Oil Participants, Ltd., hereafter known simply as "The Consortium"
originally had the following structure:

Shares, percent

Anglo-Iranian Oil Company (now British Petroleum

Company).‘...‘...........O...Q'......“O....'..O‘.. 40
Bataafse Petroleum Maatschappij, N.V. (Royal

Dutch-Shell groupPececceccescssorecccsccscsscccscsassse 14
Gulf Oil Corporation........................-....... 8

Socony-Vacuum Oil Company, Inc. (now Socony Mobil

Oil Company, InCo)obooooooaooooooovoooooooo.ooooooo
Standard 0il Company (New Jersey)eececscccccccscsscse
Standard 0il Company of Californideeeceecececccccccese
The Texas Company (now TexXacO, INCe)eceocoscccsoccss
Compagnie Frangaise des PetroleSc.eececcecccccccccces

G\ 00 00 o0 00



Subsequently (Apr. 29, 1955), one-eighth of the shares held by each of the
original five U.S. firms were divided among the following nine U.S. firms:

American Independent 0Oil Company

Atlantic Refining Company

Hancock Oil Company (now merged with Signal 0il and Gas Company)
Pacific Western Oil Corporation (now Getty 0Oil Company)
Richfield 0il Corporation

San Jacinto Petroleum Corporation

Signal 0il and Gas Company

Standard 0Oil Company (Ohio)

Tidewater Associated 0il Company (now Tidewater 0il Company)

This redistribution left each of the original five U.S. participants with a 7
percent share of the Consortium and provided for a nine-way subdivision of the
remaining 5 percent of U.S. ownership.

AIOC was reimbursed for its loss of properties under an agreement between
the company and Iran which provided that after offsetting the £51 million due
Iran against AIOC's claims, the Iranian Government was to pay a total of £25
million, interest free, to AIOC in 10 annual installments beginning in 1957.
This payment was to be in the form of oil, turned over to AIOC or a subsidiary,
and would not be subject to income tax.

Reimbursement to AIOC at this level took into account that additional pay-
ments were to be received by AIOC from Consortium companies. In compensation
for the loss of 60 percent of its former holdings (the share given to other
Consortium members), and, therefore, theoretically the loss of 60 percent of
future revenues, the other Consortium members paid AIOC an initial sum of
nearly $91 million (£32.4 million) and agreed to pay 10 cents a barrel on all
exports until a total payment of $510 million was reached.

The Consortium operates in Iran on the basis of a fifty-fifty sharing of
profits with the Iranian Government. To carry out operations in Iran, the
Consortium founded two firms: Iraanse Aardolie Exploratie en Productie
Maatschappij (Iranian 0il Exploration and Producing Company, or IOEPC), and
Iraanse Aardolie Raffinage Maatschappij (Iranian Refining Company or IRC),
both incorporated in The Netherlands and registered in Iran. The first is
responsible for all exploration and production of crude, and the second is in
charge of all refining operations. Crude o0il and products for export are not
actually owned by the Consortium subsidiaries., These firms, on behalf of
their parent body, are not concessionaires but are simply producing and refin-
ing agents, acting for the Iranian Government in return for a fee (operating
costs plus a profit) paid by the actual owner of all facilities, crude oil,
and refinery products--the National Iranian 0il Co. (NIOC, see page 7). The
output is sold by NIOC to the trading companies--the non-Iranian member firms
of the Consortium or their designated subsidiaries or affiliates.

Since its institution, the Consortium has gradually increased crude pro-
duction to levels exceeding the previously achieved maximum, although for
technical and marketing reasons the refinery output has not yet reached the



previous record level. The Consortium has also discovered additional reserves
of crude oil, both in extensions of former AIOC fields and in new fields, and
has carried out a modernization and reequipment of the Abadan refinery.
Government revenue from the oil industry reached the level of about $342.2
million (£122.2 million) in 1962,

Post Nationalization--Qutside the Consortium Agreement Area

As Iran increased its know-how of the 0il industry and with the passage
of the new Petroleum Act (1957), the Iranian Government opened new areas for
exploration and exploitation by non-Iranian firms, particularly favoring
offers which provided for participation by NIOC.

An agreement with AGIP Mineraria, a subsidiary of Ente Nazionale
Idrucarburi (ENI, the Italian State oil industry) was concluded in 1957. A
company, Societe Iran-Italienne des Petroles (SIRIP, Iran-Italian Petroleum
Company) was formed in which NIOC participated to the extent of 50 percent.
The areas allotted to SIRIP are shown in figure 1. SIRIP discovered oil in
its otfshore area in 1960,

The next agreement was with Pan American Oil Company, the overseas sub-
sidiary of Standard 0il Company of Indiana. In this case, Iran-Pan American
0il Company (IPAC) was the joint operation company formed, again with 50 per-
cent NIOC participation and other provisions rather similar to the SIRIP
agreement. After considerable exploratory expenditure, the company has made
discoveries discussed in the section on Offshore Operations.

Perhaps the most important single feature of these two agreements is that
through its 50 percent participation in each of the two companies (SIRIP and
IPAC), the Iranian Government is entitled to receive 75 percent of net
profits--50 percent by virtue of NIOC's half ownership, and an additional 25
percent in the form of a 50 percent income tax on the non-Iranian firms'
incomes. However, the agreements also contained two important provisos:

(1) Obligation of NIOC to meet half of the exploration expenditures once com-
mercial oil discoveries were made, and (2) obligation of NIOC to meet half of
all capital and operating expenses connected with developing fields and pro-
ducing oil. The situation, therefore, is not analogous to the 50 percent
profit sharing scheme under which the government has no capital invested in
the industry.

A third agreement, similar to the SIRIP and IPAC arrangements was con-
cluded in 1958 between NIOC and Sapphire Petroleums, Ltd., of Canada, leading
to the creation of Iran-Canada Oil Company (IRCAN), but this firm was unable
to meet the terms of the agreement, which was then cancelled.

Meanwhile, NIOC has been active on its own behalf, not only in the Naft-e
Shah field and Kermanshah refinery, which it retained for its own operation
when the bulk of former AIOC facilities were turned over to the Consortium,
but also in the potentially important Qom fields area. In addition, NIOC is
the sole distributor of refinery products other than lubricants in Iran and
has assumed other important responsibilities described in the section on Role
of Government.
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ROLE OF GOVERNMENT

Until the 0il Nationalization Act of April 28, 1951, the role of the
Government was restricted almost exclusively to the granting of concessions
and the collection of royalties and revenues accruing to the Government from
activities of the AIOC in Iran. This last responsibility was given to a spe-
cial office in the Ministry of Finance. The country did not have the organiza-
tion or know-how to carry out petroleum exploration on its own, except for a
modest program during 1948-51 by the Iran Oil Company (IOC, an affiliate of
NIOC), and was not directly engaged in petroleum production, refining, or dis-
tribution. In the last decade the role of the Government in the Petroleum
industry has become more significant and varied and includes other activities
besides its traditional role of negotiating agreements.

The Government's main instrumentality in petroleum affairs is now the
National Iranian Oil Company (NIOC) created by the Oil Nationalization Act of
1951, Mention should also be made of the 0il Exploration Department of the
Ministry of Finance and of the Iran 0il Company. The 0il Exploration Depart-
ment, established in 1948, was abolished in 1951 when its duties were taken
over by NIOC. The Iran Oil Company performed exploration work for the Govern-
ment as an independent organization from 1948 to 1951 when it was placed under
NIOC's control as an affiliate organization.,

NIOC was initially charged with the responsibility for operation of all
nationalized facilities of AIOC, as well as administration of other petroleum
activities. Unable to find foreign markets for crude oil and refinery prod-
ucts on a large scale, NIOC during 1951-54 had the dual task of producing at
the level of domestic requirements and keeping much of the former AIOC facili-
ties on a care and maintainence basis. Exploratory drilling during this
period was curtailed.

The approval of the Consortium Agreement in late 1954 marked the begin-
ning of a new pattern of Government and private industry operations, and since
that time the NIOC has held a position of considerable importance in the
Iranian oil industry although it produces only a small fraction of the
country's petroleum output.

At the present time, NIOC's activities may be divided into the following
major categories:

1. Owmership of all equipment classified as '"fixed assets' now operated
by the Consortium.

2. General administration of all oil and natural gas resources.

3. Exploration for and production of crude o0il and production of refined
products.

4. Distribution and marketing of essentially all petroleum products sold
in Iran.
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5.

Operation of nonbasic services in the Consortium Agreement Area.

The organizational structure of NIOC effective as of November 1962, is
shown in figure 2.

Shareholders

Board of Inspectors

Shareholders Meeting

High Oil Council

Chairman of the Board and
General Managing Director

Deputy Chairman

Deputy General Managing Director

Deputy General Managing Director

‘Head of
‘Law Organization

General Managing
Director's
Representative
in Agreement Area

Board of Transactions

| Approval of Major

Transactions

I

Secretariat

Advisors to the
General Managing
Director

Organization Methods
and Systems

Industrial Engineering
Organization Planning

1

1

Administration

Engineering and

Finance Technical Services i
Pension and Savings Medical Training Internal Resources D:veeclrc‘v:‘r:\?nt
> vin, . N i raini Engineering and
Auditing  Accounting Personnel Services Development Construction Materials and Research

Budget and Cost Control Public Relations

Procurement and Control

Non-Basic 0il Operations Distribution
Agreement Area Exploration Refining Sales
Aftairs | oritiing P i Oil* M

FIGURE 2. - Organization of National Iranian Qil Company as of November 1962,

Ownership by NIOC of fixed assets used by the Consortium in effect gives
the Iranian Government a final voice in regulating the Consortium's activities.
It assures adequate production at the Abadan refinery to meet domestic
requirements.

Under its authority as general administrator of all oil and gas resources,
NIOC determines the districts of Iran that are to be made available for explo-
ration and development by private industry and areas to be retained in the
National Reserves. NIOC is also responsible for negotiations with applicants
for agreements within provisions of the Petroleum Act and is authorized to
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represent the Iranian Government in partnership contracts with foreign and/or
domestic interests. Stated payments, agreement fees, and other charges
(except taxes and duties due from operators) are collected by NIOC.

NIOC is also actively engaged in oil exploration, production, and refin-
ing. (See sections on Petroleum and Natural Gas Fields and on Reserves for
details on exploration; see sections on Crude Oil and Natural Gas Production
and on Refinery Production for details on output of these commodities; and see
the section on Refineries and Related Facilities for development activities.)

In summary, the agency has pursued a program of extensive geological and
geophysical exploration in a number of regions of Iran and has conducted
exploratory drilling programs in the Qom area and at several points in the
northeast of the country. Drilling at Qom has proved the existence of two
major oil-gas reservoirs, and the activities near Gorgan have resulted in
discovery of gas, although they have not as yet indicated commercially pro-
duceable petroleum reserves.

NIOC has operated the Naft-e Shah field on the Iraq-Iran border since
1951 when it acquired the field by nationalization. Old wells there have been
reworked, and new drilling has been carried out to insure a supply of crude to
the field topping plant and to the Kermanshah refinery, which NIOC has also
operated since nationalization,

As the sole distributor and wholesale outlet of petroleum products (other
than lubricants) for the domestic market in Iran, NIOC has built a 2,670-
kilometer products pipeline system and owns a fleet of road tank trucks and a
number of storage depots throughout Iran. (Details on the company's functions
in these fields may be found in the section on Transportation and Distribution
of Petroleum Products for Domestic Consumption and on Consumption.)

Operation and regulation of so-called nonbasic services and facilities
for the Consortium and other foreign companies also fall within NIOC's juris-
diction. These comprise housing, welfare and medical services, commissaries,
training and education, public utilities, public transport and road mainte-
nance, and property security. Responsibility for these services was delegated
to NIOC under the Consortium agreement. Hospitals and medical services were
transferred in 1957, housing at Abadan in 1958, and final transfer of all
remaining services occurred in 1960-61,

The significance of the nonbasic services was pointed out in an August,
1962, press interview by Mr. Bagher Mostofi, member of the Board of Directors
of NIOC in charge of nonbasic services. He stated that 40 percent of the
petroleum industry employees in the Consortium area came under the jurisdic-
tion of nonbasic services. In 1961 nonbasic services had 392 construction
plans on which 4,320 million rials (75 rials equals approximately USS$1l) had
been spent. In the last 2 years, 1,150 houses were built and more than 1,000
additional houses were under construction. A total of 2,162 kilometers of
road must be maintained. Sums expended on school buildings construction
exceed 200 million, and annual medical expenses amount to 550 million rials.
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NIOC also has not neglected establishment of research facilities. 1In

cooperation with the Institut Francais du Petrole of France, it established

in 1960 a center for research in petroleum and petrochemistry. Although the
primary purpose of the center is to train Iranian engineers to do fundamental
research in these fields, it is also equipped to solve operating problems of
the industry. In the center's first 2 years of operations, refinery studies
seem to have been emphasized, specifically isomerization studies aimed at pro-
duction of products more suited to world demand patterns (33).

Building of another research installation, the Petroleum Engineering
Laboratory Facility at Rey, near Tehran, was started in April of 1961, and was
nearly completed in late 1962 (6). Physical facilities, including 14 labora-
tories, 10 offices, a library, conference room, and core storehouses, are
divided into four main operating sections: Core and Reservoir Analysis,
Reservoir Fluid Analysis, Mud and Cement Analysis, and Chemical Analysis. The
research installation is equipped with the latest internationally accepted
equipment for the various operations required in reservoir studies and will
thereby permit the NIOC to perform studies that it heretofore was unable to
carry out on its own.

PETROLEUM IAW

Petroleum, bitumen, and natural gas resources are the property of the
State, ''the surface owner having no right other than receiving the value of
his land of which he may be dispossessed under the principle of eminent
domain (38)." These resources are controlled and administered under the
Petroleum Act of 1957, This law defines the general principles under which an
agreement may be made and describes varieties of relationships between the
State and a company. One important feature is that once an agreement is made
it must be ratified by the Legislature, thereby the agreement becoming an Act
of Parliament.

NIOC is responsible for administering the law. It is authorized to nego-
tiate and conclude agreements with any person, whether Iranian or foreign, who
has the necessary technical and financial competence, provided the foreign
operator is a national of a country that permits Iranians to carry out similar
operations.

The law defines three types of operators authorized to conduct and manage
petroleum operations: ''Person,'" 'Mixed Organization,'" and '"Joint Structure."
"Person' means "any natural or juridical person' but not including NIOC and
its subsidiaries. '"Mixed Organization" means "any juridical person which is
owned in part by any person and in part by NIOC.'" "Joint Structure' means
"any operating structure which is created jointly'" by the NIOC and one or more
persons "'without a separate juridical personality resulting from such combina-
tions.'" ''Mixed Organizations' or '"Joint Structures' in which NIOC participa-
tion exceeds 50 percent have certain advantages over operators holding agree-
ments in which NIOC has between 30 and 50 percent interest or no interest at
all (under the law, if NIOC participates in a '"Mixed Organization' or "Joint
Structure,' it must have at' least 30 percent interest).
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According to provisions of the law, NIOC has divided the territory of
Iran, including the continental shelf but exclusive of the Consortium area,
into 27 districts, each with 80,000 square kilometers maximum area (see fig.
1). At its discretion, NIOC declares any district or part thereof open for
petroleum operation. It must ensure, however, that at least one-third of the
total exploitable area including the continental shelf is conserved as
National Reserves. NIOC may alter the boundaries of the districts or revise
its decision whether they are open for exploration, but at least 3 months
prior notice must be given and the decision must not adversely affect any
agreements already executed.

The area that may be granted to a company in each district depends on the
degree of NIOC participation. In any case, no operator may engage in petro-
leum activities in more than five districts at one time. Where the ownership
interest of the NIOC is 50 percent or more the '"Mixed Organization' or "Joint
Structure" may hold not more than 16,000 square kilometers in any one district
at any one time. This area is reduced to 9,000 square kilometers for 'Mixed
Organizations' or "Joint Structures" with less than 50 percent NIOC interest.
The total area that may be held by a nonparticipation operator in one district
at one time may not be more than 6,500 square kilometers.

Similarly, with NIOC participation of more than 50 percent, no cash bonus
is required, whereas, in the other two cases referred to previously, a cash
bonus must be paid, the amount being determined by NIOC in accordance with the
circumstances of the case.

An annual rental to be determined by NIOC, compatible with extent and
characteristics of the particular area, must be paid by all operators, a part
of it as a lump sum upon conclusion of the agreement. Up to a certain income
tax liability, the rental paid annually and annual installments on account of
the rental may be included as a portion of the operating cost., When a company
goes into partnership with NIOC, NIOC may agree that, instead of rental pay-
ment, the company may meeif: all the exploration expenses up to the discovery of
petroleum in commercial quantities; in such cases NIOC sets a minimum
expenditure.

With respect to each district declared open, NIOC invites offers on the
basis of Specimen Agreement Form and necessary specifications of the district,
and will select from proposals the one that it regards most advantageous to
the country.

The original period of an agreement may not in respect of each area
exceed 25 years from the date of commencement of commercial production, and
may be renewed for no more than three terms of 5 years each., Upon expiry or
termination of an agreement, all fixed assets erected or installed in connec-
tion with the agreement become the property of NIOC. The law stipulates the
maximum number of years within which drilling must start (4 years in cases
where NIOC interest in a '""Mixed Organization' or "Joint Structure' amounts to
50 percent or more and 5 years in other cases); it also requires that one-half
of the area entrusted to any operator must be returned to NIOC (on one or on
several occasions) within 10 years from the date of each agreement. If an
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operator fails to achieve commercial production in any agreement area within
12 years, that area must be returned to NIOC.

Items that the operator is entitled to include in operating costs in com-
puting its tax liability are laid down in each individual agreement. Examples
of allowances in addition to those established by Article 36 of the Income Tax
Act of 1956 are rental payment, fixed asset charge, a reasonable annual propor-
tion of cast bonus, cost of drilling nonproductive wells, and expenditures
made related to drilling, deepening, or completing wells.

Materials required for conducting petroleum operations may be imported
without custom duties, but material for personnel consumption is subject to
custom duties and other taxes generally applicable at the time of importation.
No taxes are imposed on exports of petroleum by an operator nor on dividends
paid by an operator from income arising as a result of its operations. Every
operator is subject to an income tax on its net income in accordance with
prevailing income tax laws. Article 36 of the Iranian Income Tax of 1956
guarantees that the oil companies will not be subject to discriminatory
taxation.

NIOC may require any operator to deliver to it a portion of such petro-
leum as may be required for Iranian internal consumption at cost plus a rea-
sonable operating fee. Further, in the case of agreements in which NIOC does
not have an interest of 50 percent or more, NIOC may require the operator to
supply up to one-eighth of the total production to the government, the value
of which, at the current posted price, shall be deducted from the operator's
tax liability.

A force majeure article provides automatic extension of the agreement for
the duration of the force majeure occurrence, provided this does not exceed 1
year. Differences that cannot be resolved through procedures established in
the individual agreements shall be referred to conciliation or arbitration.

In addition to agreements for exploration and exploitation as just out-
lined, the law provides for the negotiation of and establishment of agreements
with any class of operator for the refining, transportation, and sale of petro-
leum abroad. Such agreements may be made for a period initially not to exceed
40 years and renewable for no more than three terms of 5 years each.

Although this summary gives many important features of the law, it cannot
serve as a substitute for the full text of the law that presumably may be
obtained from NIOC.

ROLE IN THE NATIONAL ECONOMY

Monetary Income

For nearly three decades after oil production started in Iran, revenues
from the industry were not an important factor in the overall economy of the
country. Payments by AIOC during 1910-32, before renegotiation of the royalty
basis, totaled about £12.5 million sterling, an average of about only £543,000
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annually. Even in terms of the modest budget of Iran during these years, the
country's annual receipts from the petroleum industry were not significant.

Beginning in 1933, receipts increased, but much of the oil revenue was
prescribed for special purposes that had little effect on the general national
economy. Starting in the early 1940's, however, petroleum income was used
more for meeting general budgetary expenditures, and this situation prevailed
until nationalization of the industry in 1951.

During the period of nationalization (August 1951 to September 1954), the
income from foreign sales was negligible. The government-controlled industry
was unable to find either foreign markets or tanker facilities and was forced
to curtail production to about the level of domestic consumption, which was a
small percentage of normal output.

With the resumption of oil production in significant quantities in 1954,
0il revenues have become vitally important in Iran's economy and will remain
so in the forseeable future. Iran's expanded economy, higher standard of
living, and rising industrialization necessitate development expenditures that
can be financed principally through oil revenues.

Contributions of the Consortium to the Iranian economy since 1954 are
shown in table 1, The relationship of these payments to Iran's gross national
product, total foreign exchange earnings, and Government expenditures for
1960-62 were:

Consortium disbursements 1960 1961 1962

In million pounds, sterling...sceceeeccocscececcessssss|132.4 |141.3 | 1153.4

In million U.S. dollarS.ceecescscccosccccseosesaceseans|370.8 | 395.6 429.5

As a percentage of gross national product®...ecceeeees| 9.9% 8.7% ¢)

As a percentage of total foreign exchange earnings....| 48.6% | 45.0% )

As a percentage of estimated Government expenditure

(apProximate)? ..cececeecoccoscscccssesosescesnsessnsss| 40.0% | 39.0% 44,07

1 Includes approximately £3.5 million in settlement of claims for previous
years.

“Based on estimates of gross national product as follows: 1960, US$4,190
million; 1961, US$4,555 million. Various other estimates of the GNP have
been reported.

3Not available.

4Includes general treasury budget, Plan Organization budget, NIOC budget, and
special extra-budgetary expenses. The percentages are cited merely as a
measure of magnitude, realizing that these disbursements do not all accrue
to the Government (see table 1).

The net profits, and tax and royalty payments of AIOC during its opera-
tion (table 2), are of interest. Tables 1 and 2 are not strictly comparable
because data comparable to "Other Payments' by the Consortium are not avail-
able from AIOC for 1910-51. The column "Royalty Payments to Iran" in table 2
correspond only to "Payments Under the 0il Agreement' listed in the Consortium.
Moreover, ''Net Profits of AIOC" (table 2) include income from the company's
operations outside of Iran,.



TABLE 1. - Consortium disbursements in Iram, 1954-62, in pounds sterling (19)

11954 1955 1956 1957 1958 1959 1960 1961 1962
Payments to the Iranian Government
under the Oil Agreement
Stated Payments:
Cashivoieeereersocecoonnnacanennanns 684,930 4,532,115(13,131,069/19,628,580| 23,282,612 | 25,763,624 | 28,521,000 | 30,601,000 | 34,384,000
Petroleum products (value received
in lieu of cash).iveuieeeennennnns 173,365 4,820,867| 2,177,928 1,722,556 | 1,635,468 252,885 - - -
Subtotal.esieeeereconecnreceenens 858,295 9,352,982(15,308,997 (21,351,136 | 24,918,080 | 26,016,509 .28,521,000 30,601,000 | 34,384,000
Income tax:
Trading companies.....ceceeececccoes ) ) 37,772,363 ) ) (*) 70,993,000 | 70,897,000 | 81,692,000
Operating companieS..ecececcceccess ) ) 1,241,454 ) ) 2) 2,280,000 2,406,000| 2,701,000
Subtotal..eseecoocscscacsseneess °2,677,450(%22,101,250 (39,013,817 (54,687,214 | 63,421,274 | 67,728,663 | 73,273,000 | 73,303,000 | 84,393,000
Total..eeevesereeseneensaes P3,535,745(431,454,232 |54,322,814 (76,038,350 | 88,339,354 | 93,745,172 |101,794,000 {103,904,000 [118,777,000
Other payments (Consortium estimate):
Import duties and taxeS..eeeeecoess (2) 516,984 772,000 (2) 700,000 900,000| 1,025,000 575,000 510,000
Wages and salarieS.ceeecececencenss ) 15,621,813 (17,903,000 ) 19,750,000 | 20,670,000 | 19,688,000 28,200,000 | 28,292,500
Consortium eontributions to Workers
Social Insurance Organization..... ) 849,019 1,485,000 ) 1,660,000 | 1,780,000{ 1,680,000 1,854,000 1,528,000
Payments to Iranian contractors
and for purchases in Iran......... ) 4,217,982 2,552,000 ) 5,380,000 6,340,000} 8,251,000 6,794,000 4,775,000
OtherS..veeeeeecerennnorssennonnnns () 1,235,017 - ) - - - - -
Total.eeeeaeeceaencacesocnsannes ) 22,440,815 (22,712,000 ) 27,490,000 | 29,690,000 | 30,644,000 | 37,423,000 | 34,595,500
Grand total..c.ceeeceevananes (2) 53,895,047 177,034,814 ) 115,829,354 |123,435,172 {132,438,000 {141,327,000 (153,372,500

1For the period from October 29 to December 31 only.

2Not available.

3Includes advance of 500,000 to Government of Iran on Dec. 21, 1954.

4Payment due for 1955 less 500,000 advanced to Government of Iran on Dec. 21, 1954.

SIncludes 819,168 (taxes on salaries and wages) and 415,849 (overseas staff cash drawings) both in 1955.

years.

These data not reported in other

91
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TABLE 2. - Net profits of the Anglo-Iranian 0il Company, company tax
payments to United Kingdom and royalty payments to Iran,
1910~51, in thousand pounds sterling (2, 3, 4)

Year Net profit! United Kingdom Royalty payments
taxes® to Iran®

1910-32....c.0.. 51,870 7,700 12,498
1933..000cccees 2,644 305 1,812
1934 .c0eeeccess 3,183 512 2,190
1935 .cceccccnss 3,519 409 2,221
1936 cccccccccss 6,123 911 2,580
1937 ceeeeccones 7,455 1,652 3,545
1938.ccececcccss 6,109 1,157 3,307
1939 cceecencens 2,986 1,956 44,271
1940..cc0c000es 2,842 2,975 44,000
1941 . 0eieeeccee 3,292 2,921 44,000
1942 cveeennnses 7,790 4,918 44,000
1943...00000ee. 5,639 2,799 44,000
1944, 0000000es 5,677 2,756 4,464
1945, 00iecenes 5,792 2,806 5,624
1946 .0000esnnes 9,625 2,980 7,132
I 18,565 15,267 7,104
1948..00000ues. 24,065 28,310 59,172
1949 . iveennenns 18,444 20,094 513,489
1950, ..000000ees 33,759 26,742 516,032
1951..0cevvnnes 24,843 27,374 8,326

Total..... 244,222 154,544 119,767

l1Includes profits of AIOC subsidiaries and installations not in Iran (see
text, page 15). .

2Includes company income tax (all years), corporation profits tax (in all
years reported, 1919-25 and 1948-51), and National Defense contribution

(1937-42).

may not equal tax actually paid in those years.
erable taxation on shareholders dividends in years 1942-51 and probably

excludes such taxation in years 1910-47 were applicable.

Described as '"Provision for taxes'" in 1940-46 and therefore
Definitely excludes recov-

SThe data are as reported by various published sources other than company

annual reports except for 1936-38 and 1948-51.

For other years, differ-

ences in royalty allocations shown in company annual reports and the above
data were apparently adjusted annually from funds held in reserve for such
contingencies but not specifically identified for this purpose.

4In 1940, AIOC paid an idemnity of £1,500,000 to the Iranian Government for
1939 and guaranteed a minimum of £4,000,000 annually for 1940 and 1941 to
compensate for losses resulting from the company's inability to move suffi-

cient crude and products during the war years.
was subsequently extended to 1942 and 1943,

This £4,000,000 guarantee
Without the guarantee, royalty

payments would have been £2,770,814; £2,786,104; £2,025,304; £3,427,933,

and £3,617,917, for the years 1939-43, respectively.

SHad the supplemental agreement of 1949 been ratified, these payments would
have been increased to £18,667,000, £22,890,000, and £30,000,000 (approxi-
mate) in 1948, 1949, and 1950, respectively.
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Consortium reports indicate that all "Oil Agreement" payments shown in
table 1 consist of money derived from non-Iranian sources, and that in addi-
tion, between 69 and 96 percent of "other payments'" listed in table 1 for the
The funds are largely foreign
derived because the Consortium has no major sources of income within Iran and
by far the greater share of its revenue is obtained from abroad by exporting
and marketing Iranian crude and oil products in foreign countries.

years 1956-61 were also foreign-derived funds.

The financial contributions of other segments of the Iranian oil industry

as yet bear no comparison to those of the Consortium.

Contributions by opera-

tors other than the Consortium have been limited to a US$25 million cash bonus

paid by Pan American Petroleum Corporation.

Some foreign exchange earnings

are credited to NIOC; such income consists of proceeds from export sales of

crude and products.
operating deficit for the years listed.

However, as can be seen in table 3, NIOC has shown an
This is primarily because of the low

cost at which NIOC makes petroleum products available in all parts of Iran.

TABLE 3. - Summary of NIOC Income! and Expenditures, 1957-59,
in thousands of rials® (29)

1957 1958 1959
Income:
Domestic sales, refinery productS..sse...e. | 3,314,059 [ 4,473,322 | 5,309,322
Export sales, crude o0il and productS.e.es.. 40,885 50,279 30,740
Other SOULCEeSieeecsescccsscccscsccssncsasccse 73,151 113,717 81,781
TOtalieeeseocesssocssccosesssceaacansass | 3,428,095 |4,637,318 | 5,421,843
Expenditure:
Exploration COStSeeeeeeesscscesessssosacccccs 344,663 647,039 680,897
Production of products for indigeneous
CONSUMPLtiON.sseecssocevocsssaceassccsssosss | 1,181,528 | 1,272,348 | 1,532,803
Production of crude and products for
EXPOTteeeeoocacssssssososssscssesnssssssnss | 2,322,953 |2,074,087 | 2,433,872
TransSportatioNecscecsccecccscssscccocssccses 35,579 43,411 25,911
Administration, internal distribution,
training, and welfare€....eoceocoocsvcocecs 722,018 964,293 | 1,184,840
MiscellaneouUsS.ceeeceeoeeccescsccssascccsacsse 78,697 199,000 352,854
TOtAleeoeooooooossssososessseessasassosns | 4,685,438 15,200,178 6,211,177

1Excludes NIOC share of stated payments from the Consortium to the Iranian

Government.

2For the period 1957-59, rials may be converted approximately at the rate of

75 to USS1.

The Government's direct income from the oil industry, the so-called
stated payments and income taxes, are distributed to three Government agencies,
The distribution of

the Plan Organization, the Ministry of Finance, and NIOC.

this income for 1957-59 was as follows:
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Year Distribution, percent
Plan Organization | Ministry of Finance | NIOC
1957 cccecces 50.2 133.9 15.9
1958.c000cee 45.6 242.8 11.6
1959, c00000s 49.5 41.4 9.1

1Includes 8.4 percent originally paid to NIOC but trans-
ferred from that organization to the Ministry of
Finance.

2Includes 5.6 percent originally paid to NIOC but trans-
ferred from that organization to the Ministry of
Finance.

The Plan Organization is the Government agency concerned with the execu-
tion of successive 7-year development plans, the first of which was adopted in
1949. Originally budgeted at 21 billion rials (US$656 million at the rate
of exchange in 1949), 37 percent of the first plan was to be financed by oil
revenues. Actual expenditures fell short of the target because of the near
stoppage of the oil industry in 1951. The second 7-year plan covering the
period from September 1955 to September 1962 proposed the expenditure of 84
billion rials (US$1l.1 billion) in its revised form as it appeared in mid-1956.
Actual expenditure was $1.119 billion, of which $811.9 million, or about 73
percent, came from oil revenues. About 55 percent of the oil revenues is
allocated to the third 7-year plan in its first year.

The Ministry of Finance's share of the oil industry revenue is used to
supplement budgetary receipts.

Money received by NIOC is spent to cover the cost of administering its
production and distribution activities, as well as the cost of operations and
drilling in areas that NIOC is exploring independently, and to finance con-
struction of pipelines, new distribution facilities, and new equipment for the
Naft-e Shah oilfield and the Kermanshah refinery. Moreover, once oil is dis-
covered in areas that NIOC holds in partmnership with foreign companies, NIOC
becomes liable for meeting its share of the discovery costs.

Other Benefits

In addition to direct revenue, Iran benefits from the o0il industry in a
number of other ways. Expenditures by foreign oil companies for their opera-
tion in Iran indirectly contribute to the economy and add to the total foreign
exchange earnings. As will be shown in the section on Consumption, the indus-
try saves Iran foreign exchange that would be needed if domestic petroleum
supplies were not available for the country's expanding needs. Availability
of petroleum products in all parts of the country in ample quantities and at
reasonable prices has been a stimulant to the country's economic growth.

The o0il industry is an important employer (see tables 4 and 5). It ranks
as Iran's largest industrial employer, employing nearly one-third of indus-
trial labor force. Almost 60,000 employees of the industry and their depend-
ents, totaling perhaps one-quarter million people, enjoy housing, medical
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services, public utilities, and other amenities that compare favorably with

those offered by other industries.

Wages and salaries paid by the oil indus-

try have been notably higher than prevailing rates in other fields of employ-

ment. However, there were deficiencies in housing in the post World War II
period.
TABLE 4. - Employment in the Iranian oil
industry! 1939-60 (19, 28, 29)

Year Iranian Non=-Iranian Not specified® Total®
1939.ccceecnnes 15,060 2,723 *) 17,783
1940c000caccnss 13,380 2,273 %) 15,653
1941.000eecnnss 10,986 2,079 *) 13,065
1942, 000t eceee 11,654 1,803 %) 13,457
1943, cieeencons 16,389 2,864 *) 19,253
1944, 0000eacnne 16,485 3,380 (%) 19,865
1945, 000eecnses 21,781 4,030 12,143 37,954
1946c00cecceees 24,889 4,520 12,461 41,870
1947 ieeeecaaes 28,221 4,228 11,065 43,514
1948, 00cevaces 29,917 4,306 12,189 46,412
1949.c0eecevess 32,011 4,477 16,410 52,898
19500 cecccacescs *) (*) *) *)
1951cescecccces 50,662 4,271 12,951 67,884
1952=54.0000s-s *) *) (%) %)
1955000000 0ccns 48,799 280 8,921 558,000
19560 0000ceenss |£52,668 8453 10,026 63,147
1957 ceccensesss | 747,940 70 15,363 63,303
1958.ceseessces 56,611 693 4,724 62,028
1959 . eeeescese 56,616 908 4,295 61,819
1960¢00c0acoass *) *) ) °58,894

l1Data for 1939-49 and 1951 include only employees of the Anglo-
Iranian 0il Company; 1955-59 include the Consortium, NIOC, SIRIP,

IPAC, IRCAN, and contract labor of the Consortium where

applicable,

2ZIncludes contract labor of undesignated nationality but presumably
almost entirely Iranian nationals in all years, estimate of total
NIOC employment in 1955, NIOC staff in 1956-57, and Consortium

staff in 1957.
S3Total of listed figures only.

because of the lack of information on contract labor.

4Not available.

Data for 1939-44 are known to be low

SIncludes 51,945 employees of the Consortium and an estimate of
6,055 employees of NIOC.
&Does not include staff of NIOC, which are not reported by national-

ity in this year; these employees are included under 'mot

specified."

7Excludes staff of Consortium and NIOC, which are not reported by
nationality in this year; these employees are included under
"not specified."

8TIncludes Consortium employees as of December and NIOC employees
as of November.
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TABLE 5. - Personnel of the Iranian 0il industry by company
and categories of work, 1955-61' (18, 28, 29)

1955 1956 1957 1958 1959 1960 1961

Consortium:
LabOreeeeecscocens 42,900 | 40,391 | 39,985 | 40,053 | 36,758 }
Iranian staff.....| 5,899 | 5,080 }5 g5 | 15356 | 4,887 35,197 | 23,507
Non~-Iranian staff. 280 453 ? 603 713 727 635

Totaleeeoesooss | 49,079 | 45,924 | 45,844 | 46,012 | 42,358 | 35,924 | 24,542

NIOC:
LaboOresscesoccesss 7,197 7,955 8,424 | 11,226 13,729 é)
Iranian staff..... 26,055 \2 113 2 .448 2,778 3,353 4.275 3
Non-Iranian staff. } ? ? 90 68 } ? &)

Total.eevesesss | 76,055 | 9,310 | 10,403 | 11,292 | 14,647 | 18,004 é)
Others...ceeeceeses 2,866 | 7,913 | 7,056 | 4,724 | 4,814 4,966 ¢)

Grand total.... | 58,000 | 63,147 | 63,303 | 62,033 | 61,819 | 58,894 )

lFigures refer to the following months: 1955, September; 1956-59, Dec. 31;
1960, November for NIOC and December for Consortium; 1961, December
(Consortium only).

Estimated.

3Not available.

4Includes Consortium contractors (1955-60), and employees of SIRIP, IPAC and
IRCAN (1959-60).

Various education, training, and apprenticeship programs, instituted in
the past and still continuing, have also benefited Iran because some of the
engineers and skilled workers have left the oil industry to seek employment
elsewhere, thus bringing their skills to other parts of the country.

Development of the southwestern part of the country and the island of
Abadan resulted mainly from the oil industry. Growth of port facilities in
this area was also stimulated by the industry.

These indirect benefits continue to operate in the economy and to grow
because Iranian contractors and suppliers increasingly will provide many of
the services and goods that the oil industry needs and that in the past were
obtained abroad.

A development of potential significance is the greater utilization of
natural gas unavoidably produced with oil., A modest start has been made by
using natural gas as raw material for a chemical fertilizer plant at Shiraz.
Utilization of natural gas for making polyvinyl chloride and other petrochemi-
cals has received serious consideration. Undoubtedly, a fuller utilization of
natural gas, both as fuel and as a chemical raw material, will be realized in
the near future,

On a more modest scale, the oil industry supplies a market for sulfur and
barite produced in the country.
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PETROLEUM GEOLOGY

Published geological literature on Iran is rather extensive but scattered.
With the exception of detailed regional work done in connection with petroleum
exploration in southwest Iran, much of the presently available information was
obtained by individuals working in disconnected areas at different times and
does not include large-scale geological surface and tectonic mapping under an
organized service. Geological surveys in connection with petroleum explora-
tion outside the Consortium area have greatly increased since 1948, as a
result of field work both by IOC, and by other o0il companies that have
obtained operating agreements with the NIOC. Areal geologic data available
through 1957 were incorporated in the first complete geological map of Iran,
compiled at a scale of 1:1,000,000 and published by IOC in December of 1959 at
a scale of 1:2,500,000, In 1962, with United Nations assistance, the Iranian
Government started organizing a national Geological Survey with planned opera-
tional scope extending beyond exploration for mineral and fuel resources.

Regional Structure

Geographically and geologically, Iran may be subdivided into three areas
(see fig. 3):

1. The Zagros Mountains and the foothills and plains on their southwest-
ern flank.

2. The Central Plateau.

3. The Alborz Mountains and the foothills and plains on their northern
flank,

Zagros Mountains--Persian Gulf Area

The Zagros Mountains and the highly folded southwestern foothills consti=-
tute the southern limit of the Alpine orogenic belt in Iran. Through Middle
Tertiary time, the entire area was part of a geosynclinal basin extending from
eastern Turkey to northern Iraq and eastern Syria through the Persian Gulf,
Kuwait, and eastern Saudi Arabia to the Arabian shield. The basin contains a
very thick sequence of Paleozoic, Mesozoic, and Tertiary sediments that are
now highly folded along the northeast margin of the geosynclinal area as a
result of tectonic activity extending from late Mesozoic to late Tertiary
time, On the basis of structure, de Bockh, Lees, and Richardson (7) subdi-
vide the geosyncline into three regions: The foreland, the folded and sheared
zone, and the zone of nappes.

The foreland, which encompasses the prolific fields of Kuwait and Saudi
Arabia, is typified by gentle warping and folding; broad domelike anticlines
with dips of less than 10°., The area of the foreland on the Iranian land mass
is restricted to the extreme southwestern corner of the country in the vicin-
ity of Abadan. Within Iran, no production has been obtained from the foreland
but it appears that the first wells drilled by IPAC in its offshore concession
were located near the center of the Persian Gulf in an effort to strike a
producing formation in a structure of the foreland type.
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FIGURE 3. - Major Geologic Regions of Iran.

The folded and sheared zone of the Zagros Mountain area includes the area
occupied by the Zagros foothills, which is the location of all but one of the
major developed Iranian petroleum and natural gas fields in the Consortium
area. The subsurface geology of the Ahvaz field, the one exception, is also
similar to other fields, although it is in a topographically flat area.

No production has been derived from the zone of nappes and that part of
the Zagros Mountains that fall within the folded and sheared zone of the
geosyncline.
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Central Plateau

The Central Plateau comprises the vast area of central Iran including the
southern and eastern slopes of the Alborz and Zagros Mountains, respectively,
and extending southward to the coastal mountains of Persian Gulf and Gulf of
Oman. It differs from the southwestern areas in several respects, both struc-
turally and lithologically. The role of this region in the structural history
of Iran is still controversial. De Bockh, Lees, and Richardson (7) discussed
it under the title '"median mass," but they did not imply a stable, undeformed
region. Considerable evidence of mobility can be seen; anticlines, synclines,
and major block-type faults are present within this area, but the sharply
asymetrical structures and the thrust faults of the Zagros region are not
developed. As of 1961, two fields, Sarajeh and Alborz, both in the vicinity
of Qom, have been proven as potential commercial producers within this region.

Alborz Mountains and Caspian Coast

These mountains, the northern limb of Alpine folding in Iran, possess
structural characteristics somewhat similar to those of the Zagros Mountains.
The geology of the mountains themselves has attracted little attention for
petroleum exploration. North of the mountains along the Caspian coast, explor-
atory efforts were carried out before World War II, and, in 1959, NIOC
recorded a gas strike of some proportions near Gorgan, indicating the presence
of at least some natural gas reserves,

General Stratigraphy

The general stratigraphic sequences found in the known petroleum areas of
Iran are given in table 6, correlated to the best of present knowledge. How-
ever, the correlations indicated between the area south of the Zagros Moun-
tains and other areas are subject to question in some cases. Units of signif-
icance to the oil industry as reservoir rocks are the Asmari limestone-
dolomite of the southwestern fields and its approximate equivalent the
Oligocene-Miocene marine formation at Qom, the Middle Cretaceous (see footnote
to fig. 4) at Lali, and the Lower Cretaceous limestone and sandstone and an
Upper Jurassic limestone of the offshore area.

Asmari Limestone

The principal producing horizon of Iran is the Oligocene-Miocene Asmari
limestone-dolomite. On an average, this unit is about 1,000 feet thick within
the fields area, the thickness ranging within the fields themselves from 250
feet at Naft-e Shah (NIOC) to about 1,500 feet at Gach Saran. All production
is derived from anticlinal entrapments. No well has produced significant quan-
tities of o0il unless a reasonably developed fracture system is penetrated
because the typical unfractured Asmari limestone-dolomite is relatively com-
pact with only a modest total pore space (porosity) finely divided.



TABLE 6. - Generalized columnar sections of oil-producing areas in Iran (11, 12, 15, 21)

Era Period Epoch Southwestern fields and offshore areas Qom area Caspian area
Gorgan loess.
Quaternary |Pleistocene largely alluvium and gravel, occasional Continental alluvium, playa lake deposits, Brackish and fresh water beds.
marine units near coast. salt beds, and mud flats.
Marine marls and sands.
Upper Bakhtiari: Conglomerates, cherts, Marine marls, clays, sandstones,
silts, and marls. Upper Red Formation: Conglomerates and and conglomerates.
Pliocene gravels with much volcanic debris, sand-
Lower Bakhtiari and Upper Fars: Fresh water stones, and thin gypsum beds. Continental conglomerates, and
Upper marls, silts, sandstones, and conglomerates, fresh water sands.
missing in places near the mountains.
. L Gypsiferous marls, sandstones, and Marls, sandstones, and calcareous
Middle Fars: Evaporites, red beds, and conglomerates. and sandy shellbeds.
thin limestones.
Miocene i
Middle Lower Fars: Limestones with interbedded 1 1 d shellbed
evaporites. Clays, marls, and shellbeds.
Marls and sandstones; rarely conglomerates.
Cap Rock: Massive evaporite unit.
)
-
9 Gypsum.
2 Asmari limestone: Massive limestones
3 Lower with interbedded evaporites and marls.
Tertiary .
Upper Marine formation: Limestone with localized
evaporite units.
Middle
Oligocene
Gypsum beds, marls, and limestones Lower Red formation: Shales, gypsiferous
Lower marls, sandstones, and volcanic flows
and pyroclastics.
Basal conglomerate. Section missing due to erosion
Predominantly limestones: Glauconitic in
Upper the southwestern areas; interbedded with
marls and bituminous shales to the north Volcanics with calcareous intercalatioms.
Eocene and northeast.
' Middle | Gypsum unit,
Lower | Marls and limestones. Salt beds and siltstones.
Paleocene Section missing due to erosion
Marls. i -
Upper Marls, limestones, flysch, and conglomerates. Various marls and limestones. Chalky limestones with zones of
Mar sLanmf—-lLimestoJ_‘_g—-_ne. chert sandstones and basalt flows,|
Cretaceous |Middlel Massive limestone.
K Lower Limestones and polybituminous neritic or Section missing
S bathyal shales.
H " N Massive limestone in some areas and poly- Limestone found in outcrop near Kermanshah
& 5 i pper bituminous, calcareous shale elsewhere. may be present or absent in subsurface.
urassic
Lower! Massive limestone. Metamorphics, age not positively
Massive limestones, partly dolomitic, with Quartzites and sandstones of Alborz determined.
Triassic ° .
shale, sandstone, and gypsum members. Mountains may be present in subsurface.
: Sediments of Cambrian to Permian age
P >
remesozoic Paleozoic and Precambrian on, metamorphics Unreported.

1The Cretaceous Period is divided into three parts instead of two as in the United

of three as in the United States.

States. On the other hand,the Jurassic Period

is divided into two parts instead

174
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FIGURE 4. - Developed Oil and Gas Fields, Major Prospects, and Refineries in Iran, 1962,

Fields and prospects:

1-Gorgan 10-Ahvaz 19—Bahregansar (SIRIP),
2-Sari 11-Kuh-e Sequtah ~ 20—Kharg Island (Consortium),
3-~Alborz 12—-Mansuri and Darius (IPAC)
4-Sarajeh 13—Khalafabad 21-Cyrus (IPAC)

5-Naft-e Shah 14—Agha Jari 22-Mand

6-Lali 15—-Pazanum 23-Sheykh Shu'eyb
7-Masjed-e Soleyman  16~Gach Saran 24—Qeshm Island

8—Naft-e Safid 17-Bibi Hakimeh 25-Bandar Abbas {Suru)
9—Haft Gel 18-Binak

Refineries:

R1-Kermanshah R3-Masjed-e Soleyman topping plant

R2-Naft-e Shah topping plant R4-Abadan
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Because of the association of fractures with prolific production, it was
assumed for many years that fractures actually served as reservoirs. More
thorough study of the reservoir rocks, however, revealed that, as elsewhere,
the oil is situated in pores in the limestone, and that the fractures simply
act as channels for the rapid migration and egress of oil once the reservoir
is tapped. The source rocks generally have a very low flow capacity, but the
well-developed fracture system permits a rapid 'bleeding" from the limestone.

The fracture system is s0 efficient as a migration route for the oil that
virtually unrestricted reservoir connection has been proven over distances of
32 kilometers or more. Lees (23) notes that because of this situation, a well
spacing interval of 3.2 kilometers (2 miles) or more may be used in obtaining
uniform withdrawal of oil without producing local disturbances of gas/oil
and/or oil/water interfaces.

Because of the importance of the fractures to sound reservoir engineering
practice, these fractures have been studied extensively through cuttings,
cores, and various well logs from the fields and through examination of Asmari
outcrops in the Zagros Mountains., Detailed discussion of the physical charac-
teristics of the Asmari reservoirs are given by Anderson (l). He indicates
that in these reservoirs, unlike in many elsewhere, the gas-o0il ratio did not
increase with time as production continued. As oil is withdrawn from the
reservoirs, pressure generally declines and gas comes out from the solution
with oil., A portion of this gas migrates into the gas cap of the structure
while the balance remains in place in a so-called gassing zone where it fur-
nishes the drive to force o0il out of the pores in the reservoir rock and into
the fissures.

Recent drilling by IPAC in the offshore area showed the Asmari limestone-
dolomite to contain small quantities of 10° API oil in the Darius No. 1 well

pu

and gas in the Cyrus No. 2 well.
Lower Fars Cap Rock Anhydrite

The Lower Fars formation, which includes the cap rock for Asmari reser-
voirs, consists of anhydrites, marls, numerous thin limestones, and rock salt.
Its thickness in the oil-producing areas of southwest Iran varies considerably
as a result of (1) irregular initial deposition, (2) subsequent tectonic activ-
ities, and (3) erosion. The unit as a whole is highly competent--plastic in
nature. It has, therefore, been generally an effective seal for the Asmari
reservoir rock.

The basal segment of the Lower Fars formation, known as the Cap Rock
anhydrite, is overlain by interbedded marls, thin limestones, some thin oil
shales, salt units, and other thin anhydrites that, taken together, are desig-
nated as stage I of the Lower Fars formation. The Cap Rock anhydrite seems
to be present throughout the fields area, but the overlying units of stage I
are reduced or altogether absent in many areas (23). Thicknesses of stage I,
however, may reach 15,000 feet down the flanks of the productive anticlines.
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Stage II of the Lower Fars formation, red and gray marls, anhydrite, and
locally some salt, overlies stage I and is quite uniform in thickness, ranging
from 500 to 700 feet except where eroded away. State III, the uppermost unit
of the Lower Fars formation consists of numerous shell-containing limestones
interbedded with anhydrite and gray marls but contains no salt.

Oligocene-Miocene Marine Formation

The production obtained by NIOC from the Qom area is derived from a reser-
voir of roughly equivalent age to the Asmari limestone-dolomite of the south-
western fields. Paleontological evidence indicates that these two rock units
are lateral facies in an unseparated basin. However, the Oligocene-Miocene
marine formation at Qom differs from the Asmari formation of the southwestern
fields by prevalence of marls and sandstones over limestones and the presence
of volcanic material at Qom. The Asmari is, however, predominantly limestone
and shows no evidence of volcanic activity.

The Oligocene-Miocene sequence at Qom consists chiefly of limestone,
sandy marls and alternating marls and limestones about 4,000 feet thick. It
is underlain by the Lower Red formation of Oligocene age, which consists of
red and greenish silty shales, gypsiferous marls, sandstones, anhydrite
layers, volcanic flows, and pyroclastics, and overlain by the Upper Red Forma-
tion of Miocene-Pliocene age, which is essentially a terrestrial unit. Data
on the cap rock sealing the Qom area reservoir are not available, but presum-
ably it is a Miocene anhydrite unit.

Eocene Reservoir and Cap Rock

The total thickness of Eocene beds in the area of the southwestern fields
varies from 400 to 1,000 feet. Northeast and southwest of the field's area,
the Eocene section thickens considerably.

The Eocene section has proved productive only at Masjed-e Soleyman where
a thin limestone, capped by an Eocene marl unit, has yielded modest quantities
of oil. Apparently the distribution of suitable marl cap rocks is irregular
and discontinuous. The location of the reservoir in the total Eocene section
is not reported.

Cretaceous Reservoirs

The Middle Cretaceous limestone has proved to be a commercially produc-
tive zone at Lali among the older Consortium fields. Recent drilling by the
Consortium as well as SIRIP and IPAC has shown the Cretaceous formations to be
0il bearing at Bibi Hakimeh, Binak, and Gach Saran in the Consortium agreement
area and in the offshore areas drilled by SIRIP and IPAC. The SIRIP wells
struck oil both in the Asmari and the Middle Cretaceous Bangestan limestones.
Two pay zones have been reported in the IPAC Cyrus No. 2 well. The upper one
is equivalent to the Middle Cretaceous Burgan formation of Kuwait, while the
lower, identified as the Lower Cretaceous Khami limestone, is tentatively
correlated with the Ratawi pay zone of the Kuwait Neutral Zone. This well was
deepened into the Upper Jurassic Khami limestone where it blew out after
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striking high-pressure oil. Darius No 1 well of IPAC has oil only in the
Ratawi zone.

At Lali, the reservoir has long been termed simply 'The Middle Creta-
ceous'"; in the SIRIP field the name '"Bangestan formation' has been applied to
the reservoir. It appears that these units are equivalent lateral facies, if
not the same formation. Taken together, the Lower and Middle Cretaceous units
range from 3,000 to 5,000 feet thick, but not all of this thickness is
productive.

PETROLEUM AND NATURAL GAS FIELDS

All the Iranian petroleum and natural gas fields that have a production
history of world significance are in southwest Iran, within the Consortium
Agreement area (see fig. 4 for location). These include the Agha Jari, Gach
Saran, Haft Gel, Masjed-e Soleyman, Lali, and Naft-e Safid fields, and the
Pazanun natural gas condensate field (not yet a significant commercial pro-
ducer), The Naft-e Shah field of NIOC, west of Kermanshah on the Iran-Iraq
border, is the only producing field outside of the Consortium Agreement area
with an extended production history, and its output has been modest compared
to that of the prolific Consortium fields. All these fields were discovered
by 1938.

After nearly two decades in which no new discoveries were reported, NIOC
drilling activities in the Qom area found a petroleum reservoir in 1956 on a
structure named Alborz (not to be confused with the Alborz range), and shortly
afterwards on the Sarajeh structure. Consortium exploratory drilling discov-
ered the Ahvaz field in 1958, Binak in 1959, Bibi Hakimeh in 1961, and
Khalafabad, Kharg Island, and Mansuri in 1962 (fig. 5). The Ahvaz reservoir
has been proved to be a significant addition to Consortium reserves; the
potentials of the Binak, Bibi Hakimeh, Khalafabad, Kharg Island, and Mansuri
fields are not yet fully known but drilling in these areas continues.

After several unsuccessful wells in offshore concessions during 1959 and
early 1960, SIRIP and IPAC found oil in commercial quantities in 1960 and
1961, respectively. By the end of 1962, SIRIP had four wells completed with
an aggregate production potential of 20,000 barrels per day and was drilling a
wildcat well, Tanb No. 1. TIPAC had completed five producers, three near Kharg
Island (one rated at 35,000 barrels per day and two more with an unreported
potential), and two farther offshore, one rated at 6,000 and the other at
14,000 barrels per day.

Other areas with promising structural features have been or are being
drilled in the vicinity of Gorgan and Sari near the Caspian Sea, and on Qeshm
Island in the Persian Gulf. Some of the holes have found oil or gas, but the
existence of commercial reserves in these areas has not yet been proved.

Exploratory drilling activities at several other locations have been ter-
minated on the basis of one or more unsuccessful tests since 1954. Included
among these are Consortium-area wildcats at Mand on the Persian Gulf Coast
south of Bushire, Sheykh Shu'eyb Island in the Persian Gulf, and Bandar Abbas
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NAFT-E SHAH (Note: Subdivisions of the
Lower Fars may differ somewhat from those
used in other cross sections. The reservoir
rock here is termed the Kalhur limestone.
The rock unit below the Kalhur comprises
all units other than the Kalhur.)

g T

MASJED-E SOLEYMAN (Note: All stages of Lower Fars are
symbolized together using the symbol for stage E.)i

= il }////////////////////@/m}//ﬂmm —

GACH SARAN (Note: Apparently no Oligocene is present other than the lower Asmari,

Eocene beds are symbolized together with upper Cretaceous using the symbol for
the latter.)

NAFT-E SAFID

GEOLOGICAL SYMBOLS

Upper Fars
and Bakhtiari

— = Middle Fars

" Lower Fars, stage Il

Lower Fars, stage Il

Lower Fars, stage |

Asmari or equivalent

Eocene-lower Oligocene

7/ Middle Cretaceous
///A and older
Fault

FIGURE 5. - Geological Cross Sections of Some Iranian Qil Fields. Thickness of certain rock
units has been exaggerated in some places so they could be plotted. (Modified

from Petroleum Times (36).)
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near the Straits of Hormuz and the SIRIP wildcat on Kuh-e Sequtah structure in

the Zagros Mountains northeast of the Consortium area.

in figure 5.

The Consortium Agreement Area

These siteés are shown

The first commercial petroleum production in Iran was from the Masjed-e
Soleyman field, one of seven major fields now developed within the area allo-

cated to the Consortium under the 1954 Agreement.
in 1908 and first exploited in 1911,

This field was discovered
The chronology of development of the

fields in this area, together with their present relative importance is sum-

marized in table 7.

TABLE 7. - Chronology of development of Consortium oil fields in Iran

Date of first

Rank as an oil producer

Field Discovery | commercial among Consortium fields
date production Cumulatively In 1962
since discovery
Masjed-e Soleyman.. 1908 1911 3 4
Haft Gelioeeoscoass 1928 1928 2 3
Gach Saran..ececsee 1928 1940 4 2
Naft-e Safideseesss 1935 1945 5 6
Pazanuneescesscoses 1937 1943 Not producing! |Not producing®
Agha Jaricececeeccsss 1937 1945 1 1
Lalicececceccosassns 1938 1948 6 7
AhvaZ,ecoeeeccccosss 1958 1959 7 5

1Pazanun was not considered an oilfield until 1960 or 1961; it produced gas
condensate and natural gas during mid-World War II; output not equatable to

crude oil,

Some details of geology and other specific information regarding these
fields and other promising Consortium-area prospects is given by field or area
in the sections that follow.
area fields are compared in figure 5; characteristics of the fields appear in
table 8; drilling activities are given in table 9; and annual production data
are recorded in table 11 (under crude production).

Masjed-e Soleyman

Cross sections of several Consortium Agreement

The reservoir at Masjed-e Soleyman is in a broad, flat-topped, asymmetric
anticline with maximum dimensions of about 29 kilometers by 6.5 kilometers.
The northeast flank of the anticline dips 20° to 30°; the southwest flank com-
monly dips 40° to 50° and in one place is almost vertical (36).
tural culmination, the Asmari formation is only 600 feet below the surface,
and throughout the entire structure this unit's average thickness is about

1,000 feet.

At its struc-

Beneath the Asmari formation are about 2,000 feet of Eocene and

Upper Cretaceous marls and marly limestones overlying the Middle Cretaceous

limestone unit that is productive at the Lali field.

A modest production from

Eocene limestones is reported at Masjed-e Soleyman, but the underlying Upper
Cretaceous units have been unproductive and the Middle Cretaceous beds, though
containing oil (as shown in cores recovered), yielded only water when tested.



TABLE 8. - Characteristics of Iranian oil fields

Topographic Original Original Elevatién of
) API Reservoir elevation gas/oil oil/water highest
Field or Reservoir Porosity,| gravity [thickness,| Depth to producing Minimum, | Maximum, interface interface -structural
part of field percent of oil, feet formation, feet feet feet level, feet level, feet culmination, feet
degrees (from sea|(from sea|(plus or minus [(plus or minus | (plus or minus
level) level) |from sea level)|from sea level)| from sea level)
Masjed-e Soleyman.......| Asmari-Eocene.... 5.6 38.8 1,000 640- 3,000 +800 +1,900 None -2,200 +200
Lali:
ASmari..cececeess 4,6 \ 1,200 | 4,000- 7,000 -4,300 -5,400 -3,000
Northeast flanksesessel \yiaq10 Cretaceous 4.0 z A +1,700 | 7,300~ 9,000 @) -8,020 -6,500
38.8 : +500 +1,400
fASmATi.0e0eenenee 4.6 « 1,200 | 4,000- 7,000 -4,300 -6,500 -3,000
Southwest flank.....v+|\yiddle Cretaceous| 4.0 +1,700 | 7,300- 9,000 @) -8,020 -6,500
Haft-Gel:
Northwest dome........| Asmari........... ( -2,200
Central dome.....o..ss [« e TN 7.4 137.5-38.5 900 1,900- 4,000 +800 +1,500 -1,015 -3,087 -850
Southwest dome...eees. dOeeveennncnans ? 1,065
Naft-e Safid:
Northeast flank....... [ - T _ { ) _
Southwest flank..rmoei| dorrneiiiii| oo 35.5 900 | 3,000- 6,000 +300 | +1,400 *h,442 -5,560 J-2.3%
Pazan.ee.eeeeeesncceee|  Ouuvenereeeenn @) +35.0 @) 5,400-7 +900 | +1,700 ) @) -4,500
Agha Jari:
Northwest dome........ L _ *) N _
Southwest dome........ doceriereanenns }7’6 34.4 +1,000 | 4,900- 9,800 +340 +1,340 < -4,610 &) 4,000
Location not specified| Bangestan........ ) ) +2,800 |28,800-10,900 L (@ ) 3-.8,468
Asmari...coeeeens 7.7 31.8 1,550 { 2,800~ 6,150 _ a_
Gach Saram.............|{goretieseeee @ e é s6 100 }—f-Z,lOO +2,500 725 7,875 -200
Asmari (lower)... (2) 30.0 +600 7,850 minimum } {(2) ) -7,747
Ahvaz..veeeeesoeroenoene Bangestan....e... ) 22-24.5 @) 10,470 minimum +100 +150 @) @) -10,370
o1 s . ASmari...eeceee.. ) ) ) 3,350 minimum ) 2) ) ) 3-3,347
Bibi Hakimeh....coeeeecn Bangestan........ ) ) ) 6,200 minimum ) ) (2) ) 2-6,206
. ASTATLrerennnenns @) 27.5 ) 5,900 minimm| (2) ) @) ) -5,840
Binak.....oveveevcneeees \Bangestan. eses. . @) 31.0 @) 10,900 minimum| (2) ) @) ) -10,822
Khalafabad.eeeesosoceoeee| ASMATivevereranss (2) 30.0 ) 8,930 minimum 30 110 ) ) ~8,900
Naft-e Shah.eeeceoosaose 1< L +13.0 41.5 250 | 2,400- 3,010 4) %) $-2,110 5-2,720 (2)
. dO0urrreennnnens @) 10.0 +300 35,700 e R None @) @)
IPAC DariuSeecececccceese RALAWL. s snnrnnnns @) 31.0 +1,000 39,400 } None None ) @) @)
(Asmarie.....o.... ) ) +300 32,000 8None None @)
IPAC CYTUSeoroososcsscse (BUTBAN. careansess ) 12 { 2 27,000 € None 8None 2 2 5
RAtaWi..eeneennn|  (2) JE 1 141,000 39,700 Q) * *)
1 Unknown. 51962 level.
2Not reported. ®0ffshore fields, actual topographic elevation is unreported distance below sea level.
2Approximate. 7Discovery well struck only gas; no oil present.

“Average elevation, +570.

SNo oil; only gas was struck in this reservoir.

Level of gas/water interface is not reported.
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TABLE 9. - Drilling activities, Consortium fields, 1955-61 (18)

33

Number of wells at Wells drilled during the year Approximate
Field Year yearend Producing {Observation| Dry [Total new|Workovers production,
Total |Producing [Shut-in wells |completed |barrels per day
Agha Jari..ceceeeees | 1955 32 16 3 0 0 0 0 ) 15,100
1956 34 21 1 2 0 0 2 0 17,700
1957 37 21 r 3 0 0 3 3 21,600
1958 44 28 2 6 0 1 7 1 18,000
1959 48 30 3 3 1 0 4 0 20,000
1960 51 32 ) 2 1 0 3 1 21,000
1961 52 33 ) 1 0 0 1 4 21,400
Ahvaz..ceeeeeeeeeees | 1955 4 0 0 0 0 0 0
1956 4 0 0 0 0 0 0
1957 5 0 0 0 1 1 0
1958 6 0 0 0 0 ‘0 0 0 0
1959 7 1 0 1 0 1 2,800
1960 7 1 0 0 0 0 6,000
1961 10 2 1 2 0 2 3,500
Gach Saran..........| 1955 13 1 3 0 0 0 0 ) 100
1956 13 2 2 0 0 0 0 0 6,400
1957 14 4 0 0 1 0 1 0 12,100
1958 18 4 4 2 0 1 3 5 14,800
1959 24 10 3 5 0 0 5 0 5,900
1960 30 10 ™) 4 2 0 6 1 11,000
1961 38 12 ) 6 0 1 7 1 21,100
Haft Gelieeeoeseoses | 1955 9 11 ) 4,400
1956 17 3 10 5,000
1957 20 0 (] 6,000
1958 48 20 0 0 0 0 0 0 7,200
1959 20 0 -0 7,500
1960 20 0 0 8,100
1961 19 0 5 6,500
Ialicececececoecoses | 1955 1 4 ) 5,300
1956 1 4 0 7,100
1957 3 2 4 3,500
1958 15 4 1 0 0 0 0 1 4,400
1959 5 0 0 3,000
1960 4 0 0 3,200
1961 4 0 0 2,800
Masjed-e Soleyman... | 1955 14 ™) ) 2,300
1956 16 11 0 2,400
1957 17 *) 1 3,400
1958 257 23 @) 0 0 0 0 10 2,100
1959 25 6 2 2,500
1960 27 ) 12 2,200
1961 28 ) 15 1,200
Naft-e Safid.eeeeses | 1955 24 4 *) 0 0 0 &) 1,700
1956 24 8 5 1 0 1 0 2,600
1957 27 12 ™) 2 1 3 0 3,600
1958 28 14 3 1 0 0 1 1 4,300
1959 29 17 ) 1 0 1 1 3,200
1960 29 15 ) 0 0 0 7 2,700
1961 29 15 @) 0 0 0 5 2,200
Pazanune..cceecesees | 1955 4 0 0 0 0
1956 4 0 > 0 0 0
1957 4 | 0 0 0 0
1958 4 0 ™) 0 0 0 0 0 0
1959 4 0 0 0 0
1960 5 0 1 1 2
1961 6 1 .0 1 1

1Data not available.
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According to Lees (23), when production started, the 'reservoir was full
of o0il to its crest maximum . . . but at an early stage a gas cap commenced to
form and has gradually expanded until now the o0il zone is confined to a narrow
annulus around the anticline.'" Lees also states that when production started
there was an "oil column' of 2,200 feet, this being presumably the vertical
distance between the Asmari culmination and the oil/water interface. The
economically productive zone is restricted on the plunging northwest end of
the structure by lower than average porosity and poorly developed fissure
systems.

The oil/water interface is at virtually the same elevation at all points
where it appears on the structure, intersecting Eocene beds in the anticline's
center area and Oligocene-Miocene Asmari beds in a ringlike zone about the cen-
tral core. Although the oil/gas interface has been driven down by the forma-
tion of the gas cap, the oil/water interface level has varied but little dur-
ing the productive history of the field, a condition which is unusual in view
of its proximity to outcropping Asmari beds. This lack of appreciable water
drive has resulted in a reduction of reservoir pressure as production has con-
tinued, and gas lifts are used on some wells on the northeast flank.

Gas from the gas cap, as well as dissolved gas, are produced for use as
fuel in the field area, and residues, originally only those recovered from the
Abadan refinery but more recently those recovered from the field topping plant,
have been reinjected into the gas cap. This leads to the re-production of
these reinjected products together with new crude oil. Recent data on the
share of total output consisting of identifiable reinjected residues are not
available, but in view of the increased rate of reinjection, it is very likely
higher than 5.5 percent reported by Graham, Hetherington, Old, and Tuman (14)
for 1951,

At the time that Masjed-e Soleyman was first exploited, the characteris-
tics of the Iranian fields were not well known; as a result early development
of the field was haphazard compared to that of other Iranian fields. In 1961,
only 28 of the 257 wells drilled on the structure were operational. However,
the extra drill holes have provided an opportunity for detailed study of reser-
voir behavior because they have been used as observation wells. Field engi-
neering experience gained from studies of Masjed-e Soleyman reservoir has been
of considerable value in planning development of the newer fields.,

Haft Gel

This field, about 55 kilometers south-southeast of Masjed-e Soleyman,
lies along an anticlinal trend extending at least 130 kilometers, oriented
roughly parallel to the Masjed-e Soleyman structure. The Haft Gel structure
is an anticline about a sinuous axis with three subsidiary domes--northwest,
central, and southeast (fig. 6). The overall structure measures about 32
kilometers long and from 2.4 to 4.8 kilometers in width., It is less asymmet=-
rical and more rounded on top than the Masjed-e Soleyman reservoir. Two of
the three domes have structural culminations at about the same level--about
850 feet subsea; the third is at about 2,200 feet subsea.
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Unlike conditions at Masjed-e Soleyman, the oil/water interface at Haft
Gel has risen with production. While the rate of rise has not been sufficient
to maintain reservoir pressures at original levels, the water drive at this
field was rated by Graham, Hetherington, 0ld, and Tuman (14) in 1955 as the
most effective in those Iranian fields whose reservoir mechanics are known.

The Asmari limestone here averages 900 feet thick. It is underlain by
1,150 feet of Eocene and Upper Cretaceous strata beneath which is a great
thickness of Middle Cretaceous strata that is not productive at Haft Gel,
although, as at Masjed-e Soleyman, it contains considerable oil in pores.

Maximum rate of production of Haft Gel field was about 200,000 barrels
per day in the latter World War II years and is currently about 133,000 bar-
rels per day. The production potential of all wells averages about 7,000
barrels per day, varying from 1,000 to 15,000 barrels per day in individual
cases, All production of Haft Gel is delivered to the Abadan refinery. The
average API gravity of stabilized crude at atmospheric pressure ranges from
37.5 to 38.5.

Fissuring in the Asmari limestone, which is a fundamental factor in pro-
ductivity of wells and reservoir behavior, is well developed. The gas-o0il
ratio has remained practically constant at about 400 cubic feet per barrel
indicating that only solution gas has been produced with the oil. The orig-
inal oil/water interface level was 3,087 feet subsea, and the original reser-
voir pressure was 2,092 psig.

Haft Gel crude is stabilized in two production units: Nos. 3 and 4, the
latter with six stages. The No. 4 unit replaced the No. 1 with five stages
commissioned in 1929 in the southeast end of the field and No. 2 commissioned
in 1934 serving the area of the central dome. The No. 3 unit, in the area
between the Nos., 1 and 2, was commissioned in 1936. Wellhead separators are
operating at 350-400 psig.

Gach Saran

The Gach Saran field, including the recently proved Lishtar extension to
the northwest, is over 60 kilometers long (fig. 7). The main area of the
field, without the Lishtar extension, occupies an area more than 40 kilometers
long and 6 to 10 kilometers wide. This main area has two domes, each with a
small gas cap. The principal dome, highly elongate, is in the center, and a
smaller, more oval dome is subparallel to and off the northeast corner of the
principal dome. 1ue Lishtar extension was at one time regarded as a separate
anticline. However, drilling in 1959-61 proved it to be a major extension,
probably another dome separated in its upper reaches from Gach Saran's main
dome by a saddle, but linked with that structure above the oil/water interface
of both.

Fissure systems at Gach Saran are not as well developed as in other
Asmari fields, particularly in the upper part of the formation. This poor
development may be partly compensated for by differences in porosity from
other fields. Average porosity at Gach Saran is only slightly greater than
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that of Haft Gel and Agha Jari, and, according to Slinger and Crichton (41),
there is a greater proportion of large-radius pores in the Gach Saran
reservoir.

The "oil column" (vertical distance between 0il/gas and oil/water inter-
faces) at Gach Saran is the largest recorded to date in Iran, 7,150 feet.
This great height and the nature of the porosity rank this reservoir as the
most capacious in Iran (40). Average well production in 1962 was about 27,000
barrels per day; well No. 35 is capable of producing 80,000 barrels per day.
In 1958, the oil/water interface was 7,943 feet subsea, about 10,300 feet
below the surface, while the gas/oil interface level varied from 790 feet
subsea under the northwest dome to more than 2,758 feet subsea under the south-
east dome. On January 1, 1962, oil/water and gas/oil interface levels were
7,700 and 890 feet subsea, respectively. Solution gas aided by water influx
is the principal producing mechanism.

Reportedly drilling activities in 1960-62 have proved the mid-Cretaceous
Bangestan formation to be oil bearing at Gach Saran (20). 1In addition, the
lower Cretaceous-Jurassic Khami formation, which was reached at 10,246 feet,
contains gas underlain by sulfurous water.

The Gach Saran field, discovered in 1928, was not put in production until
1940 because of its remote location and rugged terrain and the availability of
crude from Haft Gel and other fields. Production rate in 1940 was 8,500 bar-
rels per day and increased only to 52,000 barrels per day in 1950. Acceler-
ated development started in 1960, and with commissioning of a second production
unit in December 1959 (figs. 8 and 9) and completion of the new Kharg terminal
in 1960, production rate is currently 250,000 barrels per day of which 60,000
is dispatched to the Abadan refinery. Another production unit was scheduled
for completion in January 1963 (fig. 10), at which time a total production
capacity of 540,000 barrels per day will be available. Some data on the three
production units are shown in table 10; No. 1 unit supplies gas to Shiraz
pipeline.

Gach Saran crude is heavier than crude produced at the Consortium fields
except for Ahvaz; even the Masjed-e Soleyman mixed crude and plant residues
are lighter. Inlet crude to the production unit is 31.8° API (average for
winter and summer); stripped crude is 31.3° API, The Gach Saran crude has also
0.025 percent by weight sulfur, which is reduced to 0.007 maximum.

Naft-e Safid

This field lies just northwest of the Haft Gel field, along the same fold
axis as the latter, although lines along the crestal maxima of these two fields
are en echelon. Naft-e Safid's reservoir is separated from Haft Gel's by a
saddle that lies only slightly below the oil/water interface of Naft-e Safid
but considerably below the oil/water interface of Haft Gel.

The field is about 27 kilometers long and reaches a maximum width of
about 4 kilometers, but as a result of a large gas cap only a peripheral zone
of the field is capable of 0il production. The res<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>