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EXECUTIVE SUMMARY

The petroleum industry is approximately 160 years dk&loriginconventionally dated by
historians to the oil wells drilled in Ontario and Pennsylvania in the late 1B50s that quite
precise starting date, the development of the new industry and its technical means was very
rapid. The volume of petroleum producealse sharply, and the number of wells from which it
was pumped extended to oil fields in many other countries. The range of useful products
which could be derived from refining hydrocarbons also grew. Initially sought for producing
kerosene illuminating qilthe advent of the combustion engine turned petroleum into the
most important energy resource of the ®@entury.t SGNRf SdzyQa KS3IASY2ye gl ¢
from the 1950s by the advent of petrochemical produeggastics, textiles, dyes, medicines,
solventsfertilizers, pesticides, and many more.

¢t2RIFI&%X ONHzZRS 2Af FYR 3IF & LINPDARS 20SNJ cmr: 27F
products of the petroleum industry has also substantially increased the amount of greenhouse

gases in the atmosphere, contubing to global warming.

The heritage of th petroleumindustryc the places, structures, sites and landscapes which we
might choose to conserve for their historical, technical, social or architectural attribunas

not previously however, beemxamined in a comprehensive way or from a global standpoint.
This study aims to fill that gap by conducting a comparative review of the development of the
industry so that the most significant historic sites related directly to the production and
distribution of petroleum and its products might be identified and their historic values
safeguardedThisheritage broadens from the production and distribution sites to include the
camps and urban areas built for workers and employees, the headquarters and sidatinie
buildings of the private and national oil companiesd the filling stations which became the
most visible face of the industry

While the importance of the historical evidence for this industry is-s@iflent, it isalso
challenging froma conservation standpoint Productioninfrastructure is potentially costly to
conserve and onceobsolete may provedifficult to re-purpose. Technological change, a
corrosive environment and ephemeral construction materaten limit the authenticity and
integrity of historic sites.The scale of production plantsan bevast, and oil and gas
distribution networks by pipeline, rail, road and saee immense An assessment of the
heritage of the petroleum industry muatsoweighits contribution to global warming.

In consequencdistoric petroleunproduction sites and landscapes are both rare and fragile
In many casesthe retention and study of documeation and company archiveis the best
wayto conserve the history of thedustry.

This report is one in a series of comparative thematic studies coordinated by TICCIH which
propose criteria by which the material evidence of different industrial sectors can be assessed.
As such it is pertinent for the World Heritage List aslwaslto guide national and regional
heritage inventoriesA historical summary identifies when and where the important advances

in the petroleum industry took place to help recognize both the outstanding as well as the
most representative surviving sitea@to locatethose which argotentially significantTo aid

the comparative analysis of historic propertiebetfindings of the study are illustrated kay
selection of case studies.

At present the conserved heritage of the petroleum industry on natioregisters and
inventories as well as at the level of World Heritageuistlerstates its importanceand the
most important sites should be identified and protected accordingly.



1. Context

1.1 Thematic studies

This report forms part of a series cdmparative thematic studies of the heritage of different
industrial sectors organized by TICCIH in its role as the designated consultant to ICOMOS in
matters related to the study and preservation of industrial heritageturn, ICOMOS advises
UNESCO onrgperties to be added to the World Heritage List, drawing on its advice from
TICCIH.

In general, these comparative studies summarize the worldwide history of the sector,
identifying the period, locatiors and authors of the most significant developmentlus
providing a contextual framework to help identify the outstanding as well as the most
representative plant, buildings, siteand landscapes. Without undertaking new research,
thematic studies present a synthesis of the available knowledge of a specific theme at the time
they are undertaken. The theoretical and practical considerations of thesgepties as World
Heritage sitesare examined in the light of the criteria for Outstanding Universal Value in
1 b 9 { /Opdadional Guidelines for the Implementation of the World Heritage Convention
Findly, a selection of case studies, written by different authors familiar with each one,
contributes to the comparative evaluation of different sites around the world, although
without making any recommendations as this might compromise any subsequent goalua
process. The sites which are presed for discussion in Sectiora8e illustrative examples, and
their inclusion is not intended to uphold their potential as World Heritage properties.

The direct beneficiary of the report is UNESCO, to help itndisish places eligible for
inscription on the World Heritage List, but the criteria are applicable to other national or
regionallists and inventoriedNo national or regional assessments of the heritage ofdaaor
have beenfound, while tis iscertanly the first global comparative study assessing the
significance othe historicsites and landscapes of the petroleum industry

1.2 Objectives
Thisreport will

1. summarize the global development of the wogdtroleumsector, concentrating on
the physical infrastructure associated with the production of petroleum and the
territories most involved in its history;

2. indicate thetypes of structure, buildings, sites and landscapes which constitute the
tangible remains oftte industry with the potentialto be conserved as heritage;

3. suggestbased on these surveys, what would be of special historical interest were
examples to survive with some degree of integrity and authetgtici

4. provide comparative information to help ideify the sites or landscapes which best
representthese contributions.

1.3 Methodology

The methodology used for the thematic studies has two partee frstis asuccinct global
history of the built infrastructure of the petroleum industry which idemgiand highlights
what is of particular historical significance, both internally for the development of that
industry, and externally for human society in genefahd the second consists ofiteria to

6
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help identify those surviving structures, sites, dinfs or landscapes which provide tangible
evidence for the historic values previously identified, tempered by the usual considerations of
integrity and authenticity.

The process of preparing this report consisted of a dessed examination of the litetare
during 2019, consultation with relevant experts in different territories wivould give a
representative geographical and professional gutgthe incorporation of their comments and
suggestions concluding with the presentation of the final document at an international
meeting inOil Fields, Ontario, Canada2620 to confirm a consensus for the conclusions.

The TICCIH/ICOMOS thematic studies do not recommend specific places, intending rather to
help characterize those features of this class of cultural heritage which ought to be taken into
consideration in an assessmentta$toricmerit, including UNESCQO’s measure of Outstanding
Universal Value.

The places included in the discussion or preselrds case studies serve to illustrate the theme
and their inclusion is not intended as an indication of their potential as World He isiéee
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2. Introduction

The heritage of the petroleum industrifhe most significant fixed, tangibdeidence for thg
discovery, exploitation, production and consumption of petroleum products and of theirimpact
on human and natural landscapes

The tangible global heritage of the petroleum industry has not been approached in a
comprehensive way by histians, heritage scholars or by conservation agenclks study
NBLINBaSyida GKS FTANRG AYOSNYyFGA2ylFf O2YLI NI GACQ
remains.

There is an extensive historiography on petroleg@ramining its origins and antecedent$,e
technologies of exploration, production, refining and logistarsgd notably busineskistory
and geopolitical issues. To these the last two decadebas been addedhcreasing numbers
of studies of the environmental consequencest our energy dependency on this non
renewable resourceThere are alsnoumerous broadestudiescovering such themes as oil and
geopolitics, national identity, resource conflict or product branding

However there isa dearth of publications(in English, at least) wthh examine what an

industrial archaeologist would recognise as the heritage ofdltigervading globahdustrial
endeavoutd W¢ KS AY RdAzZAUNER Kl & AYALIANBR | aydiest asSid 2
and economic analysesWritten by industryinsiders and policymakers, these works offer

largely celebratory, and in some cases explicitly triumphalist, assessments of the rise and
RSOSt2LIYSyid 2F 2Af OFILAGIEAAYQDd a2NB2J0SNE Wb
account for the myriad wgs that oil has saturated... aesthetic practices, cultural forms, and

LJzot AO RA&O2dzNB Sa aXBawke§andWokden201g,860)SSy i K OSy i dzNE
In orderto frame and define this littlestudiedbut potentially extensivebuilt heritage, the

presentwork approachest from two directions Firstly, ly summarising the history of the

physical infrastructure of the petroleum industry, thangible engineering and urbanistic

evidence from which its heritags derived The EOLSS entry by Macini aidsini (2018)

provides a succinct but comprehensive summary, stmbumerous other publications both

specialist and general contribute detdinda broadperspective.

Secondly the wider impmt that the petroleum industry has left on human landscapes is

examined through Hels 02 y OS LJi 2 FPetiDlkutnscap@ ¥ 2 dhfif RNATf Ay 3 S
refineries, storage tanks, pipelines, dedicated road and rail infrastructure, and gas stations

[which] serve the physical flows of oil in industrial areasas wdllgls SP@SNERI & fAFTSQ ¢
In the present work, thigs broadenedto encompass settlements built or planned to support

petroleum production, and the buildings of the major commercial organisations which steered

the industry over the past 150 years.

Ths steps back from consideringg globalurbanenvironment which has been moulded over
the last century by petroleunof settlementsarticulated by networks of roads and highways

! Anotable exception i49" Century Petroleum Technology in North AmetiggEmory Kemp
and Michael Caplinger, 20Qfrivately publishe@dnd downloadable from th&| CCIH website

2The authors cite Arnold Daum and Harold Francis Williamsbimes American Petroleum
Industry (195963), Daniel Yergin's besellingThe Prize: The Epic Quest for Oil, Money, and
Power(1991), and Roger M Olien and Diana Davids Ol@it'and Ideology: The Cultural
Creation of the American Petroleum Indug2900).

8


https://ticcih.org/book-on-north-american-petroleum-technology-history-available-online/

TICCIH §8%:

for petroleumfuelled vehicles andoveredwith petroleum-derived asphaltit alsoleaves for
another studythe cultural impact of the petroleum industry through theanyuniversities,
museums and natural parks which owe their existence to the wédiidis generated

A firm conceptualisation of the tural heritage of the petroleum industry may thereby be
worked out by bringing together these two fields of study into a single narrative which can
help to justify the care and preservatiohibe most valuable places

2.1 Scope

The sites which are exaned within this study are integral parts of the petroleum industry
production chain, which produces, refines, stores and distributes the various products of
petroleum from geological formationgas well aghe buildings, settlements and landscapes
associged with it. Tre petroleum industry is conveniegttlivided into three sectors.

Upstreamincludes the processes of exploration and production. In large part this is by drilling
wells down to oil reservoirs, but the shadé industry, which mines itsaw material has been
locally important In the United States fracking has in recent years produced large volumes of
oil shale, known also as tight oil. Bitumen extraction is conventionally included in the
petroleum industry setting (e.g. Canadian sand3i).production is closely related to that of
natural gas and is frequently inseparable from it.

The Midstreamsectorgroups together field completion and transportation by sea, road and
rail tankers and fixed pipeline operations

The downstream sectorcovers oil refineries, petrochemical plants, petroleum product
distribution, retail outlets and natural gas distribution.

The major refined products obtained from petroleum are fuel oil and gasoline (pédtnol)
vehicle transport,maritime transport and awation, and oil and gas for power generation
However, the biggest part of the petroleum produced in the workb@ay the feedstock (raw
material) for the petrochemical industry, producing pharmaceuticals, solvents, fertilizers,
pesticides, synthetic fragnces, and overall plastics.

Some of the industries which were displaced by the early expansion of the oil industry have
bequeathed historical evidence in the shape of buildings and infrastructure. Whale oil
processing and refining, for instance, amdanufactured (usually coal) gas production,
distribution and storage, which havea considerable legacgf historic buildingsin many
countriesare not, howeverincluded in the oil industry thematic study.

Although aphalt is also an important petroleumrgruct, critical to the expansion of the
networks on whichmoderntransportation has been based is notconsidered practicable to
includeroads and highways

Becauseroductionoperations have frequently been in isolated or unpopulated territories,
they have often generated abrupt movements of population into the oil fieldsban
settlements from ephemeral boom towns and temporary work camps to planned company
towns are important clagsof historic stes. So too are the headquarters buildirgsd offiees
commissioned by the oil companies, the visible representati@oaieof the most significant
historical playersin the history of oil.A very extensive heritage related to the petroleum
industry is that ofilling stationsor transport fuel(gasor petrol stationg. There are singular as

well as a smaller number of characteristic examples included on the national inventories and
registers of historic sites of many countries.

The study is fundamentally globalin its scope, so although the historiography of oilgbteei
by the North American experience, (théSwas the largest producer country until the 1950s),

9
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the development and effect of the petroleum industry in the Middle East, Latin America,
Europe and Asia is of course also indispensable. Each country veligndduced oil, both in
small or large quantities, has followed its own industrial path, leaving an indelible footprint in
regional or national culture Since the growth of every national oil system is marked by
internal economic, social, environmentalnd scientific considerations and also influenced by
external factors, it is possible to identify those distinctive featiyeemetimes unique; that
characterize the oil history of every country.

2.2 Chronology

Natural seepage wells have been harvested on a small scale sintésfac times in many
parts of the worldandexamplesan be identifiedn Arabia, Europe and Chirldevertheless,
production remained a craft actiyit with no skilled labour force in Wich the oil was not
sought through exploration but found where it appeaneaturallyat the surface andwas only
localy important or applied inspecialisedareassuch asfor water-proofing vessels oto
illuminate religious icons.

The particularfocus of this studytherefore,is the industrialised production of petroleum

products which dates precisely from the middle of theé"1&ntury, when mechanised

techniques of tapping underground sources initiatedrapid development leading to

petroleum replacing coal as the main fossil energy souBeginningwith oil for illumination

and thenfor mechanical lubricationby the early 2@ century it had extended to motor

transporton both land and seaandit widened vastly from the 1940s alke petro-chemical

industry developed with oil as its feedstock.

CKS Wyl GdzN>f 3JlFaQs vyz2adte YSUKFIYySsS gKAOK | 002Y
source of energy after the 1950s, previously having been largely released into the atmosphere

or bumt (flared) on site.

Consistent with TICCIH's definition in its 2003 Nizhny Tagil Charter, the study considecs sites
be of interest once they are obsoletandthereby potentially at risk of being dmaged or
destroyed.Oilfields usually beconm@bsolete when the wells run dry, or at leastwhen market
value of the oil is lower than the cost of producing it. This means that defunct oil fields may be
put back into operation if the price of oil rises sufficiently, or if new technologies or
techniques such as frackingnake production again viable

Since thel970s, a scientific consensus has formed around the dominant contribtatigiobal

warming of greenhouse gases releasdry burning petroleum hydrocarbons.UNESCO

introduces itsreport Climate Change and World Heritagfeus: WX Of A Y| ¥ $as OK I y 3 S
emerged as one of the most serious threats impacting on the conservation of this hefitage.

Any evaluation of the heage of the petroleum industrgeeds to be considered in the light of

our understanding by that date, of the damaging impact which the industry has hadd

continues to havegn the global environment.

2.3 Petroleumsiteson the World Heritage List

There are nsites directly assodiad with the petroleunproductioncurrentlyon the UNESCO

World Heritage List, and only one, tAavali oil settlemenin Bahrain, on any stateTentative

List Perhaps the most weknown place associated with naturally occurring hydrocarbons is

the temple of Atashgyakhn the Tentative Lisof AzerbaijanThe 17" century buildingseld

Yy WSGSNYLFt FflFYSQ 6KAOK gl a TSR FNRY dzy RSNAN
probably as a consequence of over a centurgxgloitationof petroleum and gasin the area
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Natural firesaround the Absheron peninsulaere commented on by many historical visitors
over millennia

¢CKS LISGNRESdzY AYyRdzZAGNEQa KSNAGFIS g2dzf R LINAYI
industry exploiting a natural resource, be associated with natural ones, and so some might be

joint cukural and natural sites. The La Brea Pitch Lake is 'the largest, commercial deposit of

natural asphalt in the world... reiscovery by Sir Waiter Raleigh in 1595. Raleigh used asphalt

from the Lake to caulk his battered shipJNNESCO 56¥5and is on theTentative Lisiof

Trinidad and Tobago. The Binagadi asphalt lake (or Binagadi tar pits) are a cluster of tar pits
associated with the famous oil town of Baku, Azerbaijan, and is on that statetative List

(UNESCO 11ySheBinagadi 4th Period Fauna and Flora Depnsiude a mass of bones and

vegetable debris conserve@heath a layer of petroleum.

That said, there aremumerousoil and petroleum museums# the world with important
collections of artefactsa full catalogue of which can be consulted the 2020 List of
Petroleum History Museums$&ome of these occupy the sites of forntmmmercial oil wells
such as the Argentingluseo Nacional del Petréleblowever almosinone conserveriginal in
situ infrastructure ensembles or landscapes of production, fetrolia Discovery in Canada
being one notablexception

2.4 Cooperation

This thematic review is the result of a wide interdisciplinary effort witkizablegroup of
colleagues, researchers and scholars. Patricia McGee and Charlie Fairbank provided numerous
leadsand contacts Francesco Geraliasespecially generous in commenting on the text and
sharing sources. Patrick Martin, past President of TICCIH kagrole in initiating the project

and it was developed with the encouragementifesOglethorpe the TICCIH president, and
Stephen Hugheshe formerTICCIH SecretaBeneral

Correspondents
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Abdullah Khalifa ADossary, Saudi Arabia Dr Barbara Hausmair, Germany

Hasan Bazazzadeh, Iran Professor Patrick E. Martin, United States
Dr Liu Boying, China Professor Massimo Preite, Italy

Dr Graciela Ciselli, Argentina Gary May, Canada

ProfessoMichel Cotte France Patricia McGee and Charlie Fairbank,

DrFrancesco Gerali, Italy Canada

Mohsen Ghomeshi, Iran Dr KaieMetsaots, Estonia

Dr Mir-Yusif MirBabayeyAzerbaijan
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3. Terminology

This section briefly defines the principal technical terms used in this report to describe the
technology and infrastructure of the petroleum industry. Many definitions are adapted from
the Schlumberge®il Field GlossaryMacini and Mesinid018),and Glossary of the Technical
Terminology Used in the Petroleum Industry, 18950 with some historical terms taken
from Kempand Caplinge 2007). This containsvaluableillustrations of historic petroleum
production as well as photographs of early industrial technology.

Oilindustry or petroleum industry?
¢CKS W2Af AYRddzZZAGNEQ Aa (GKFd ¢KAOK LINBRRdzOSa

LIS

' YSNAOI X gKAES Y2aih 2GKSNJI O2dzy GNAS&a NBFSNI G2

are often used to mean the same thing, but in this reppetroleuntis thegenerallyused for
the broad range of petroleum products including crude oil itself.

Natural materials
Asphalt A solid form of petroleum.

Bitumen:Adense and extremely viscous form of petrolepaiso known as tar and pitchost
bitumen is not considered as movable (fluid) through the reservoir under normal conditions of
flow and must be mined (e.g. bituminous sands).

Bitumen pit A large area of natural asphalt resulting from petroleum seep where
subterranean bitumen leaks the surface.

Gas A general term for natural gas methane, often found in association with crude oil.
Gum bedqCanada): Asphalt ponds created by oil seeping to the surface of the ground.

Hydrocarbon:An organic compound composed only of hydrogen anéha@ar Hydrocarbons
can be gases, liquids, waxes or low melting solids, or polymers. Extracted hydrocarbons in a
liquid form are referred to as petroleum.

Natural Gas LiquidHydrocarbons found in natural gas which may be extracted or isolated as
liguefiedpetroleum gas and natural gasoline.

Oil: A generalterm for crude oil, or liquid unrefined petroleum.

Oil shale A sedimentary rockhat contains kerogen, which releasepatroleumtlike liquid
when the rock is heated

Oil sands Loose sands gpartially consolidated sandstone containing a naturally occurring
mixture of sand, clay, and water, saturated with bitumeklso known as tar sands or
bituminous sands.

Petroleum:¢ KS GSNY WLISGONRE SdzyQ NBTFTSNAB (2.Thefef (KS

are several qualities of petroleum that may differ for density (specific gravity conventionally
measured in API gravity) and composition. The petroleum industry acknowledges four types of
petroleum: light crude oil has an API gravity higher thari3Imedium oil has an API gravity
between 22.3 and 31.1°; heavy crude oil has an API gravity below 22.3°; Extra heavy oil has an
API gravity below 10.0°. The lattstietter known as bitumen and cannot be pumped from the
subsoil, but rather is mined.

American Heritage DictionaryPetroleum is a thick, flammable, yellea-black mixture of
gaseous, liquid, and solid hydrocarbons that occurs naturally beneath the earth's surface, can
1

f

i’]
u

,
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be separated into fractions including natural gas, gasoline, naphthayskae, fuel and
lubricating oils, paraffin wax, and asphalt and is used as raw material for a wide variety of
derivative products

Pool (Oil):A subsurface oil accumulation. An oil field can consist of one or more oil pools or
distinct reservoirs within gingle large trap.

Shale oil(or tight oil): refers to hydrocarbons trapped in formations that are not very porous.
The oil is accessed by drilling horizontally across the deposit, and then hydraulic fracking to
open up the rock and allow the olil fow.

Industry sectorsiUpstream

One of the three commonly used divisions, it includes searching for potential underground or
underwater oil and gas fields, driling of exploratory wells, and subsequently operating the
wells that recover and bring the hyatarbons to the surface. Also known as the exploration
and production (EBndP) sector.

Barrel: A nonSl Metric Unit System typically used to measure the volume of liquid
hydrocarbons. One barrel equals 0.159.8tandard Oil introduced a stee¢rsion of the
wooden 42gallon oil barrel in 1902, with the same traditional bilged, elekappearance.

Bit: The drilling tool used to cut the rock. The bit is screwed on the bottom ofitillstring
andis rotated so that it scrapes or crushes thekat the bottom hole.

Borehole:The wellbore itself, including the open hole or uncased portion of the well. Borehole
may refer to the inside diameter of the wellbore wall, the rock face that bounds the drilled
hole.

Casing: Steel pipe lowered into an opehole and cemented in place during the well
construction to stabilize the wellbore and to insulate it from surface water. The practice of
cased wells completed with production tubing became standard by 1870, and wells were
completed with openrhole or casd-hole techniques in the early 2@entury.

Central power systemsConsisted of a steam or later oil or gas engine linked to the pump
jacks by means of lines of wires, jerker or rod lines which transmitted the motion of the power.
The word 'power’ can refgustto the heavy iron contraption in the centre of the syste mytb

it includes also the engine, engine house, the belt, the tripods, the rod lines, the jacks and the
wells.

The traditional compound (mechanical transmission of power with gears and chains) was
replaced by independent electric motors in the 1920s, uptie application of frequency
converters and of modern regulation systems.

Gondeep Concrete deepwatadrilling structure, gravitybased oil production platforms.

Derrick: The usually pyramidal structure used in the drilling of oil and gas wells as sdipport
the drillstring of adrilling riglowered into the well. Ephemeral, often removed or burnt, and
made of wood until replaced by steel from the 1920s. Traditional derricke vgeadually
replaced from the 1950s with more easily moved modular masts.

Jackknife derricks are hinged on one side where they join the drilling platform and through
winching systems may be raised or lowered in a single piece for transport.

Disposal weli Often a depleted oil or gas well into which waste fluids can be injected for safe
disposal.

Drilling: Two general methods of drilling are generally employed: cable or percussion system,
and rotary system or boring.
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Percussion drillingA discontinuous method of driling whereby an impact tool or bit,
suspended in the well and dropped repeatedly on the bottom of the hole to crush the
rock. The tool was usually fitted with some sort of cuttings basket to trap the cuttings
along the sideof the tool. After a few impacts on the bottom of the hole, the cable
was reeled in and the cuttings basket emptied, the tool reeled back to the bottom of
the hole and the process repeated.

In Pennsylvania in the earliest operations a cable of manila haertgier steel ropes
were used to suspend the wooden rods and the drilling tobiss became the
commonest drilling method all over the United States. In Canada, and from there
Galiciain Poland rigs evolved into a rigid walking beam with a string all dvds
connected together.

Percussion rigs rapidly lost ground in the 1930s, and by the early 1950s they had
practically disappeared from the oilfields.

Wooden cable toal Due to the low operating cost and greater penetrating depth,

these rigs were prierred for speculative work. In many cases once a well was
completed or abandoned the derrick would be left standing and stripped of
unnecessary or salvagealntaterials otdeft to rot away.

Steel cable toolCable tool derricks built of steel appear toteabecome common by
the 1930s.

Rotary drilling: An alternative method to percussion of making a hole that relies on
continuous circular motion of thentire drill string from the surface to turn the drill bit

to break rock at the bottom of the hole. Royadrilling is a nearly continuous process
and so more efficient than cable tool drilling because cuttings are removed as drilling
fluids circulate through the bit and up the wellbore to the surface. The first rotary rig
for oil exploration was installed ih894, the Spindletop well was drilled with a rotary
rig, and they quickly expanded relative to percussion rigs in the ensuing decades.

Drilling rig The machine used to drill a wellbore. In onshore operations, the rig includes
virtually everything except living quarters. Offshore, the rig includes the same components as
onshore, but notthose of the vessel or drilling platform itself. The rig is sometimes referred to
as the driling package, particularly offshore. A standardized stepenated fullsize
percussion rig was used from the end of thé& 1ftil the middle of the 20 century.

Drill ship:A vesseldesigned for drilling in deep water without legs or anchors holding it to the
sea floor and using dynamic positioning to holdver the subsea wellhead.

Drillstring: The total string of drill pipe with attached tools and bit.

Exploration: The initial phase in petroleum operations that includes geologic and geophysical
prospecting aimed to investigate the subsurface structuresthar location of potential
hydrocarbon traps and the drilling of an exploration well.

Gathering linesThe pipes used to transport oil and gas frofiesd to the main pipeline intie
area.

Hydraulic fracturing (fracking)The method used to make hard shale rock more porous, thus
allowing natural gas to flow through the shale to the wellbore.

Mud: A synonym for drilling fluids used in drilling operations, especially containinfjcagii
amounts of suspended solids, emulsified water or oil.

Platform: Structure used in offshore drilling on which the drilling rig, crew quarters and other
related items are located.

Offshore drilling the wellboreis drilled below the seabed.
3
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Pump jacks / Lifting SystemsStructure which stands above an oil well and converts the
horizontal reciprocating motion of the power into vertical pumping motion. Metal pump jacks
replaced walkingpeam pumps. Made of combinatis of wood and metal, these have seen
little change and development since the late 1920s. The most typical arrangement with
counterweights and a walking beam have grown larger as wells have been drilled deeper and
bores enlarged to compensate for diminethproduction.

Rig: The complex of machinery used to dalh oil and gas wella(wellbore or borehole)
including the derrick, engine, engine house and other equipment.

Spring pole Drilling system using wooden pole to bounce the drill head up and down.

Spud (To):To start the well drilling process by removing rock, dirt and other sedimentary
material with the drill bit.

Wellhead:The surface structure of a well that incorporates facilities for installing casing during
the well construction phase.

Industry sectorsMidstream

The sector that processes, stores, markets and transports commaodities such as crude oil,
natural gas and natural gas liquids such as ethane, propane and butane.

Oil depot (tank farm):Anindustrial facility for storing oil andfopetrochemical products and
from which these products are usually transported to end users or further storage facilities.

Pipeline:A tube or system of tubes used for transporting crude oil and natural gas from the
field or gathering system to the refimg to petrochemical plants or to the endsers.
Regularlyspaced pumping stations often followed the line of the pipe, using steam engines in
the 19" century.

Separator:A cylindrical or spherical vessel, either horizontal or vertical, used to sepaitate
gas and water from the total fluid stream produced at the well head.-pivase separators
deal only with oil and gas, while the thrgghase type handles oil, water and g&udimentary
separators to recover the gas associated with the oil were intoeduin 1863, the first
pressurized separator in 1904.

Tank: Container for storing petroleum products. Legvessure storage tanks widely used from

the production fields to the refinery are usually vertical, cylindrical tanks. Pressure storage
tanks designedor storing volatile liquids such as gasoline and liquefied petroleum gases,
which generate high internal pressures, and are commonly spherical. The earliest petroleum
storage tanks were constructed from various types of wood, first above and then below
ground, but riveted tanks datback to the early 1900s. Bolted tanks are still used, and non
metallic norrcorroding, lightweight tanks are constructed from plastic materials.

Tank farm A term applied to a battery of storage tanks.

Industry fctors: Downstream

This sector includes oil refineries, petrochemical plants, petroleum product distribution,
natural gas and retail outlets which connect with consumers.

Catalytic crackingThe process of splitting a large heavy hydrocarbon moleculesmialer,
lighter componentsThe first thermal cracking plants were built in Russia in 1891 and a similar
process was patented by Standard Oil in 1913.

Oil refinery: The facility where the characteristics of petroleum or petroleum products are
changed Plants aretypically sprawling complexes with extensive piping running throughout,
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carrying streams of fluids between large chemical processing units, such as distillati
columns, with large storage area$ tanks QOil refineries use muctine sametechnologyas
chemical plants.



TICCIH €%

4. Historical development

The following account of the history of the petroleum industry concentrates on key periods of
change and on developments for which there is physical evidence in the landscape and the built
environment, since this is what may be of value as cultural heritag

As outlined in section 2.the main interestis places and structusewhichare potentially of
historicalvalueand on technologies that aneow obsolete Thismeansconcentratingon the
period before the 1970 he Discovery Timeline in the Appendix provides a more complete
historical outline.

4.1 Antiquity - 1840s:petroleum harvesting

The earliest knowledge for the use of petroleum gathered from the surface or shallow wells is
from archaeological investigation and ancient documentary sources. Naturally occurring oil
seepages and outcrops of -béaring shale have been put to differenses for many
thousandsof years, according to the needs and ingenuity of the people who had them to hand.
Excavations yield evidence that bitumen was used as an adhesive on weapons and tools by
Neanderthals as early as 70,000 years.dgossibly only in M&potamia was there a
significant influence on human culturgvhere by 3,000 BCE it included the use of asphaltic
mastic made by mixing bitumen with chopped straw, clay and saiod constructingpalaces,
temples and ziggurai@<emp 200Y. It wasappliedfor roadway coatingserved to waterproof
containers, to caulk reed and wooden boats, and as a widespread adhesive., Rinally
considered as a powerful remedy in medical practice, especially as a disinfectant and
insecticide, and was used by the amti&gyptians to prepare mixtures to embalm the corpses

of their dead/Connan 1999)

Petroleumis mentioned by Herodotuas a cement used in buildings in the cityBaibylon, for
medicinal uses and distilled for lighting, as welbgstherancientauthors including Diodorus,
Josephus Flavius, Vitruvius, Strabo and Pliny the Elder (Macini and Misini 2018). In 600 BCE
Confucius refers to brine drilling in China antveells were drilled there in 34CEor earlier

using bits attached to bamboo poles down to about 2d0Kambara 1974 Extensive bamboo
pipelines connected oil wells with salt springs in the 10th century. Collecting natural oil is
documented in Japan iPOCE. g KSNB (2LJ2yevYa &adzOK | a Wi dzz2l dz
(smelly ground) indicate places with petroleum and natural bitumens inliffeto 15"
centuries (Deryugig018).

Oil seepagewere beingexploited on the Absheron Peninsula near Baku fBaigan, in the9t"

century, and they becamethe basis fora major economic activity in Czarist Rug$itr-
Babayev 2017 Oil was distilled in Arab counties in th& @&ntury using alembics to separate

an illuminating oil, a process described in the KitaAstar (Book of Secrets) by the Persian
a0K2f I N wni A ¢ 2dduméntaio®ipétrdieut ik Be Aredds bcBudsin Sir
Walter Raleigh'd¢595 accountof the Trinidad Pitch Lake.

‘Many other contemporary scholars in [early modern] Europe documented methods of refining
petroleum, but these scientific advances had little impact on the ss@woomic development
of Europe at the timgCraig et al 2018
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'Petroleum’ is a lateMedieval Latin termgetroleum oroleum petragi.e., rock oil) and was

not in use until the 18 century. Different varieties of petroleum were collected in Europe
from the early Middle Ages, subject to the vagaries of natural availability, and using methods
which barely changed for hundreds of years (Forbes 1959). In France, naphtha was extracted in
Pechelbronn in Alsace and asphalt was mined near ClerRerand Retroleum was refined

in the Northern Apennines in Italy, in Germany at Tegernsee, Bavaria, and in the vicinity of
Brunswick and Wietze near Hanover, and in Galicia, spanning modern Roldridkraine
Natural paraffin was minedn Romania, thematerial refined to produce an expensive
alternative to animal and vegetable oilswas used for lubricants, grease, solvents, as a base
for pigments, for tonics and ointments, illuminating, andaawaterproofing resin for ships.
Asphalt from natural sources was beingedin the 1830s in France and Switzerland for
making road surfaces and roofs impermeable. Asphalt s@ead overthe Place de la
Concorde in Paris in 1835 andaaoth Hamburg and Bnoverin 1838.

'Petroleum poured from the crevices of mountains, lay in the bottom of caves, oozed onto the
surface and accumulated in ponds' (Gerali 2017482 18 century settlers moving into
Pennsylvania found existing timbaralled pits along thillegheny used by the indigenous
inhabitants for collecting seepages. Ponds and shafts were excavated, the latter sometimes
lined with masonry or timber to a depth of 60 or 90 m. (Wells continued to be dug by hand in
Romania into the 1920s, with air pipeldwn to the excavators)here are frequent accounts

of the use of oil by indigenous peopleNiorth America for war painfor religious purposes as
well as for sprains, rheumatism and sores on their hor8#®f these early sources were sites

of naturd seepages rather thaplaceslocated throughexploration;although nany of them,
including those inCanada, United Stated;rance, Italy, Poland, Ukraine, Romania and
especially at Baku, went on to develop into important centres for industrial production.

4.21840s- 1860 pre-industrial production

Until the 1860s petroleum wasoughtin muchthe same way awater. Different mechanisms

for percussion drilling were develodan many parts of the world fawater and brinewells,

and thesewould be adapted to access petroleum (Brantly 1971). Extractirgoilnued to be

a rudimentary activity compared with mining for metal oresfor coal, which were much
more highly capitalized with watggowered drainage pumps and a large, skilled latfouce.

The need for a practical, uncomplicated system for exploiting petroleum resources under
relatively primitive conditions or in the early stages of production favoured employing local
construction materials, borrowed or recycled equipment, amdling for low fuel
requirements.

The conditionsbegan to change as new uses for oil products were developed, critically for
lighting. In 1846 the Canadian Abraham Gesner distilled fuel oil and gbghfiimgusing thick
bitumen shipped from the Pitch Lake Trinidad. Later he distilled it experimentally from
bituminous coal and oil shaléGray, 2008) G®mmercial production under the patented
trademarkWerosendXollowed in 1854, the name soon being extended to all illuminating oils
made from mineralsDistlleries or efineries used horizontal cylindrical stills tHatld 5 to 6
barrelsof oiPf. Refiners raised the temperature of the oil very slowly, removing the unwanted
distillates like gasoline to obtain only the lamp oil or kerosene.

Oil historians generally agree that the first oil well mechanically drilled in the world was
completed using a percussionrig in 1846 at-Bibybat (BibEibat) near Baku in the Absheron

30ne barrel equals approximety 159 litres, 42 US gallons or 35 UK (imperial) gallons.
7
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Peninsula close to the Caspian Sea in Azerbaijan. An abundandeind gias was found at
shallow depths. Samples of Baku oil were displayed by the Russian delegate to the Great
Exhibition in London in 1851 and the first refinery of the Caspian area was built in 1859. But
the Russian government officially forbaéxploraion, until the success of the Americail
business changed official attitudadif-Babayev 2017)

A patent for distillation of petroleum was granted in 1853to Ignaayz] 8 A S A O1T | y R Wk
AY t2flyRd _dzl FAaAS6AO0T 61L& GKS Ay@Sya2NI 2F |
bright light with fewer fumes encouragng further research into the use of oil. One of the

earliest rockoil mines (tunnels used to harvesil from bituminous rocks) was cut in 1854 in

the village of Bdlbrka in the Carpathian mountains (then Aublomgarian Galicia, today
t2fFyROX (2 &adzlllie GKS €20t fF YL FdzSt Ay Rdzad
62NI RQa T A Méniin 1856HrRIGszodvikel. OilNRtH being produced in the Bébrka

Field discovered in 1858hich isconsidered among the oldest industrial oil fields in the world

(Craig et al 2018).

Bucharest became the first city in the world to use refined oiktoget lighting in 1857, with
1,000 oil lamps placed along the main streets, supplied from an oil refkhefy t fwhichS o G A
wasalready in operation in 1856.

Oil shale was distilled on a commercial scale in various parts of Europe in thégatentury

and throughout the 19 century.In 1850Scottish chemist James Young patented a process to
obtain naphtha and paraffin from coal, and latom oil shale, establishg the first truly
commercial o#works and oil refinery in the worldn WestLothian in Scotland the following
year(Dean 2018) It was not the first place to produce oil froshale but it became one of the
largest and most successful and led to major developments in oil reflBorge of the earlie st
company lousing in the petrotum industry fad to be built for the workforcéhat wasneeded

at remote production sitesand villages developed as close communities with their own
character. Surface and underground workings, a landscape of waste rock heaps, and the
company housing arestament to the local industry.

Oil $hale has been worked in many countries, but after 18Ge lower price of petroleum
frequently made it uneconomic unless other factors, such as national strategic needs, were in
play. As well as Scotland there are historic oil shale production sites in FEstomiaand
Germany (see castudyb).
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Oil stale was mined in Télotsear Autun, France, from 1881, armgroductioncontinued into the 1950s.
Company housingsin the foregroundwith the refinery and retorts behind© Wikipedia Commons)

Up to this time mostoil for lighting was obtained frowhaling andefined from the blubber

of the sperm whale. Sprawling whale oil refineries were found in coastal cities around Europe
and in North America, where the capital of the refining industry was the whaling pdfeaf
Bedford, Connecticut (Foster 2014). Another fuel for illumination was gas manufactured from
coal (also known as town or coal gas), and the number and later the size of gas works
manufacturing gas from coal was expanding from the 1850s. Gasworks withetort houses

and cylindrical gas storage tanks were familiar installations in cities around the world until
natural gas replaced them from the 1960s, andnyexamples in Europare preserved as
museums.

In 1855 James MilleWiliams took over an otompany in Ontario producing asphalt and
started refining bitumen to create illuminating olite dug a well by hand, refined the oil and
marketed it as#luminating oifor kerosene lamp oil. The site was renamed Oil Springs in 1858.
The discovery created North Amerzai T A NE& (i b2carhie eWehzioke frénkiekd (D K862
when 32 flowing wells produced prolific amounts of oil. The field has claims to be the first in
the world to be exploited on a commercial scale, althoaghtested byhistorianswho assert

the primacy of Titusville in the conterminous territory of Pennsylvania as the conthérst
commercial well

The Oil Springs field petered out by 1866 whenwaler invaded the wellsBy then, another

field had been found nearby at Petrolia where the industry established itself as the oil

capital of Canada, providing@® ¥ (G KS O2dzy i NE Qa thddsdndyffdellsRa Ay M@
In 1879, the Silver StMBE FAY SNE ¢l a GKS g2NI RQa fIFNBSadq |y
75,000 gallons of crude at a time, sprawling over 20 hectares.
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4.31860¢ 1910:the Pennsylvania rdel

Historians of industry agree that the nortluestern region oPennsylvania is the starting point
of the modern oil industry similar to Derbyshire in England as the locus of the industrial
revolution in the eighteenth century. The roots of the almostyié&#x oil society were laid in
Venago County (Gerad19.

Theglobal petroleum industry originated during the 1880860s inseveralregions. The two
oldest were the Carpathian Mountains of Galicia and Ronmawithin the AustreHungarian
Empire and theAbsheromeninsular of Azerbaijan, then part of Czarist Russia.

But it was in Pennsylvanid3A, that a definitive modern technological and organisational form
was established$h a short period of time the most dynamic, innovative and world market
oriented oil ndustry was developed, which maintained those trends throughout theé 20
century@Gennadiy 2018, 37).

The Pennsylvania mod€consisted ofthe systematic search for oil in the oil region, the
process of boring into soil by means of mechanical drilinppgus cable tool system,
specifically adapted/produced for the task and powered by steam power energy, and the
necessity to guarantee a constant supply of petroleum to be used as feedstock for the new and
more demanding refining indust€§Gerali 20%, 46).

The search for oil in nortivestern Pennsylvania was encouragedthg 1854 report from
Benjamin Sillman, professor of chemistry, into the practical uses for products distilled from oil.
Encouraged by his opiniom,group of entrepreneurs contractedd#in Drake to drill a well
near an oil seep atTitusville. Drake employed salt drillers and thbaring technology,
powered by a steam engine. They drilled down throogtk until at 21 m they struck oil on 27
August 1859, inaugurating the mapsoduction of petroleum and the modernpetroleum
industry (Brice 2009).

The consequences of the Drake discovery were immediate and dramatic. A compact urban
system was created in a few years along the spine of the Allegheny River to produce oil
(Titusville), exchage and manufacture (Oil City), regulate (Franklin) and refine it (Emlenton).
Oil boomtowns such as Pithole City appeared, flourished and then faded back into woodland,
sometimes withirthe space of a fewnonths (Black 2000).

Percussive springole drilling, a technique adapted from water wells, gave way to moveable
drilling rigs and threepole derricks using either cables or rods. (A more powerful and better
engineered drilling rig became standardised by 1925 and continued the 1950s in theéJ SA

until made obsolete by advances in engineering and the replacement of steam engines by
internal combustiorpower and electric drilling). Central power sources (steam and later gas
engines) were connected to the pump jacks at multipdeeholes using cables and steel rods,

or the rigid jerker rods such as those preserved at Oil Springs, Ontario (Kemp 2003y The
piece of equipment was thiggowerCunit, which converted the engir® rotary motion into a
reciprocating motion suitable for pumping.

Theingenious mechanical jerker system developed in 1868enQ@ntario oil fielde€onnected
dozens of pumps in petreum wells to a single small steam engisee case stud§.2).The
jerker line system madé& economic to produce oil without the costly expense of having a
steam engine at each well. Steam engines were also awkward to haul to the welkitis
were somdimes in the woods oon soft ground Although 8f only marginal significance in
terms of production, especially as they soon faced unbeatable competition from increasing

10
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numbers of newlyopening oilfields elsewhere in the world, [it was] of considerable
importance in terms of the particular technological solutions developed ti&lewell 1983).

The unique system ofjerker linesconnecting the power to the pumpat Oil Springs, Canad® Al
Hayward)

Many of the wellsn both Pennsylvania and Ontaneere flowing wells and did not require
pumping, sometimes gushing from the wh#ad under belowground pressure. Some
produced prodigious quantities,,500 barrels per day flowing frothe Black and Matheson

Wellin Oil Spngs W. @ GKS SyYyR 2F mMycHXI (GKSNB 4SNB wmInnn

LISNJ RIF@Q 06YSYL),F98R. Thel chifieoj @S Rnitially sstored in wooden
barrels, tanks or sunken timbdined pits, and transported in wooden barrels on wagar
barges.These were replaced by metal tanks by 1868, also mounted on rail cars for shipment.
Underground storage tanks aséll in operation at Oil Sprigs (Kemp and Caplinger 2007

Oil exported from the United States was at that time carriadd2gallon [159 I] barrelgthe
size established in 1482 by English king Edward 1V as the standard for packitdisayrel
had, however,had its dayas a means of transporting génd by 1906sirtually allwasbeing
transported by pipelines orin bulk carriers.A short, pioneering gravity pipeline was
constructed in 1866 to mov&,000 barrels of oil per day to a terminus at the mouth of the
Pithole Creek where a 15,0@@rrel iron petroleum storage tank was built in the town of
Oleopolis.

Earlyoil refineries were simple and inexpensive to set employinga heater, retort and

worm to cool the distillate. First naphtha, then illuminating oil{8@%6 of the total) and lastly

heavy oil were produced. Oil distilleries opened in Pittsburgh in 18%3xhe main centre of

industrial oil refining became established in Cleveland, Odriothe Great Lakesyhere in

Mycp W2KyYy 5& w201 SFStfSNNRDaE Oawidlr yé odzAf i GKS
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The Pioneer oil refinery in California had four distilleries and mostly produced kerosene. Refineries were
soon much bigger operations, and production ended in 18&3. American Petroleum Institute
Photograph and Film Collectipn

The Pioneer refinery in Neéhall, California, was in production by 1880, and is thought to be
one of the oldest surviving examples. Hereakiy residual oil from earlier refining runs fuelled

the brick ovens, with their tall brick chimneys, underneath the stills. The petroleum gasse
passed into a condenser consisting of a box with layered iron pipes submerged in water. The
condensed oils flowed into a ledimhed agitator where they were treated with chemicals and
blended with air to improve their burning quality. At the sn@ljednrefinery in Sweden the

stills were enclosed within a building. Much larger refineries soon made these small, local
retorts redundant.

An eightfold production growth from Pennsylvania within two yedrsve the price of
petroleumsharplydownwardsand put kerosene beyond competitidrom other illuminating

oils. The market fomechanicalubrication was also quickly taken over and the industries
refining whale oil and coasourced kerosene went into rapid decline, although coal gas
production continued for another century. Soon lubricants became the main product, mainly
to supply the engineering needs of the railway companies.

The next phase in the development of the petroleum industry was determined less by
technological developments thaoy managerial and financial ones through the operasioh

the Standard Oicompanyestablishedo @ W2 Ky 5&® w2 O] ST Sf,itdS N
concentrate American oil production throughhe control of refining and transportation
provoked the Pennsyania oil producers to build the first lorgjstance pipeline. The 1ifile
Coastal Pipeline became an outstanding technological achievement, and in May 1879 the first
oil ran from the Oil Regions to the railway at Redding. In reply, Standard Oil shalitfpbu

oil pipelines from the Oil Region to Cleveland, New York, Philadelphia and Buffalo, thereby
creating the first pipeline system of thdS Standard Oil began building a multiple 506 km
pipeline from upstate New York to New Jersey in 1881, withexlesteam pumping stations
along its routePhiladelphia emerged as a major refining town thanks to national and overseas
rail and maritime transport networks (Hein 2018b).

The Standard Oilrust was by therthe largest corporation in the world, and msonopolistic
behaviourand enormous wealth made Rockefeller the archetypal robber baron. Encouraged
by thecampaigns ofda Tarbell, thé&Jnited States government broke up the Standard Oil Trust

12
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in 1911 The move waseen asmportantin reasserting polital control ovethe concentrated

form of industrial capitalism which had developed in the Unites States in the second half of the
century, and which Standard Oil epitomised. The truss divided into 34 new companies
although tese in different forms andunder various namesdominated the petroleum
industry for much of the 20century, until the emergence of national oil companfesm the

1970s

2 A0KAY Go2 RSOFIRSasxs tSyvyaetgryiAlr 2AtFAStRa ¢
petroleum consumptionand European countries hurried to refine their own oil to compete
with the American productThe North Americarapproach to production spread through the
transfer of new technology and expertisgimulating renewed activity in the small European

oil fields in the Italian Apennines, Pechelbronn in French Alsace, and Wietze in Germany, while
new fields were found idustria and Croatia.

N>

Oil was already being drilled using a percussion rig in &84ibiEybat in Baku, whera
refinery was producing kerosene in 1860. From 1875 the Nobel brothers began to refine
lubricating oils in Baku, and oil shipment installasomere built with the launch of the first
seagoing oil tankers to export Russian oil in 1§8&&hindler 1984)TheNobelsencouragedhe
construction of the Tran€aucasian railway from Baku to Thilisi in 1838 laid a pipeline
from Baku to Batum on # Black Sebetween 1897 and 19Q7hen the longest in thavorld:

833 km of 2@inch diameter pipe, with 16 intermediate pumping stations (Macini and Mesini
2018).The Nobedhipping business developed into tB&ell Transport and Trading company,
formed in 1897. Ten years later it merged with the Royal Dutch Petrol€empany, a
businessounded in 1890 to develop avilfield in Pangkalan Brandan in Sumatra, now part of
Indonesia, creating the Royal Dutch Shell Group in 1907.

Pennsylvanian oil started to be shipped across the Atlantic in the early 1860s, and new oil
storage areas were prepared in European ports to handle it. The first oil storage sheds
designed specifically for storing barrels of petroleum were erected in Rotterdam in 1865. Tank
storage was replacing such buildings from the 1900s, and the dock agttywith the Royal
Dutch Shell Group merger. New strategic storage facilities were started around the world with
the changeover from codlelled shipping to oil, such as one built by Shell in Sydney Harbour
to supply its outletsin 1901.

13
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Derricks enased in wooden shuttering of the Nobel Brothers Petroleum Company, Branobel, in
Balakhani, Baku c. 1890 Wikipedia Commons).

ZiemiaGorlicka in Galicjanow part of Polandyas the centre of a petroleum industry which in

1881 was the third in the world behind tHgéSA and Russiavith twelve oil distillerieq Frank

2005) Ploiestiin Romaniahadthree refineries in 1856nd Salzbergeim Germanywas also a

refining centre by1860. Canadian oilmen transferred the@able driling technology the

Canadian Rigo the established oilfields iGaliciawhere2 | a ODF NB@S&é Wgl a | of
much faster and to greater depths. Whereas tb®ad been the limit in the past, the men

could now drill easily to depths over1,000Q 6 { OK | ,#T).] SNJ Hnmp

Expert Canadian drillers from Petrolia and Oil Springs were in demand around the world.
{GFNIAY3I AY wmMyToX Y2NB GKIY pnn RNRAREESNB 62N
worldwide oil industry has the stamp of Canadian oil men from Petrolia and Oil Springs...Those
overseas activities by Canadians provide a-detlumented example of the transfer of

tSOKy 2t 2380Q oV®¥YIA).l yR / F LI Ay 3ISNI

Despite the lack of strong development traditions, and vkalbwn fields with artisanal well
extraction in the older petroleum industry of the Carpathians, American oil prospectors and
especially the oil refining industry (which controlled the kerosenekagroutpaced industrial
development in the serdieudal AustreHungarian Empire. Geological conditions in thgA
were also advantageous (the great majority of American wells were gusher holes) and the
introduction of drilling technology with steam enginggimps and casing pipes, rail transport
and pipelines proceeded rapidly. Social conditicn®, were more favourablén a new, fast
changing business. The founders of the first US oil companies diffierent to their
colleagues from Central and Eastdfnrope, notably in their scale of thinking and business
organization. These advantages proved to be particularly convincing in‘thegz@ury when a
small group of very large, vertically integrated oil companies came to control the global
extension of diproduction (Gennadiy 2018).

Companies in the United States continued to drive change in the industry in terms of opening
new fields, advancing technology, profitable business organisation and, most importantly, the
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creation of new consumption through grong demand for automotive gasoline and later
aircraft fuel (Gennadiy 2019).

Speculative olild-catCdrilling rigs helped move the centre of gravity of oil production away
from Pennsylvania. California began producing oil in the 1890s, the first offshore oil well was
drilled at the Summerland Oil Field in 1897, and refined products were soon being edport
from the West Coast. Texas became an oll state in 1901 when the Spindletop well was drilled,
and within a year the nearby town of Beaumont grew from 8,000 to 60,000 pedipleas

joined by Glenn Pool in Oklahoma, with Tulsa the capital of refinirig0é (Gennadiy2019).

As in Pennsylvania, these discoveries all resultédilirushe$bf prospectors, creating boom

and later ghost towns once production had become formalised or abandoned.

{LAYRESG2L) oX6 O2y FANYSR Icoddd&progduredinyolumeddp&i aAof S
several orders of magnitude larger than that of wells drilled so far. In the following years, oll

was discovered in numerous other places[...], and the industry realized that oil was available in

huge quantities and in a de range of geological areas|...] Hence, crude oil could rightly be
regarded no longer as just raw material for lighting, but also as the main form of energy for the

new century, marking a drastic change in the field of sea and land transportation.
Undoubtdly, the abundance of dihvouredthe development of the growing automobile

industry, then expanding thanks to tleverincreasingavailability of gasoline (Macini an

Mesini 2018, 297).

4.41910¢ 1970:global petroleum production

Starting from the first decade of th&0"century, the importance of petroleum products,|a
strategic energy source, became paramount issues in world geopolitical, econom|c and
diplomatic history. Oil had become so essential for the economy of the natianitstvalue,
apart from economic, was of a political nature, not purely tied to the mechanisms of demand
and supply, but also to those of the various strategies of national foreign policies, intermingled
between wars, interests in colonial countries,a@® of the state and largscale conflicts
between financial and industrial groups. (Macini and Mesini 2018, 294).

As demand for gasoline threatened to outstrip supply, geologists, oil prospectors and
numerouswildcat entrepreneursextended their prospeting effort to regionsbeyondNorth
America(seethe discovery and production timeline in thppendix) Oil discoveries were
made and production projects initiated in Indid890, Australia(1892, Mexico (19Q), China
(1907),Argentina(1907),Venezuela (1913F0lumbig(1916) ,Sarawak (Borned910) In 1908
British geologists discovered an oil field at Masi{8uleiman in Mohammerah, today part of
Iran, the first commercially significant find of oil in the Middle East.

New petroleuminfrastructure began to be constructed on an increasingly large st oil
fields, refineries and their industrial and commertiadterlands connected by roads, rails and
pipelinesto their markets Companies wishing to exploit oil fields at remote locations had to
build work camps and later permanent company towns to attract, house and retain their
workforce, sometimesntroducingnovelcontemporary planning ideas araildingdesigns
Corporate archiecture becameatangibleexpression of the 20century petroleum industry, in

the office buildings for senior managemhile vehiclefilling stationsevolved intothe most
visibleinterface between the industry and its global public.
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Oil well drilling

From 1880 to 1930, mobile or seimiobile percussion rigs evolved into very specialized and
sophisticated equipment, and from early 1900 rotary driling became the most effective and
reliable technique. Percussion rigs had practically disappeared fnenoitfields by the early
1950s. In the United States competition to drill faster and deeper led to the design of easily
movable rigs. Traditional steaulriven rig power units were replaced by lighter and more
powerful diesel or gas internal combustion enginte first diesel engine was applied to a
rotary rig in 1925. Drilling rigs became modularized and drilling tools standardised, the rig
structuresconstructed fromhigh quality steel.

Modularity, automation, standardization and easy moving were the guidelinesthe
development of rigs from the 1950s onwards. Traditional derricks were gradually replaced
with modular masts, easier to transport, and soon the traditional componm¢mechanical
transmission of power with gears and chains) weglacedby independeat electric motors
(Maciniand Mesini 307).

Off-shore production

Drillingfor petroleummovedoff the shoreandinto the water by the end of the 1Scentury,
with rigs reached by trestles or piers driven out into shallow waters in Baku, California and
Lake Maracaibo, Venezuela.

Steel derricks at Huntington Beach on the California coast in 1®28r@nge County Archives).

By 1938 amile-long wooden trestle with railway tracks ending with a derrick had been built
out into the Gulf of Mexico. In the same year, seismic testing showed how to locate salt
domes, and in the late 1940s fixed steel platforms and tethered floating platforms gréling

out of sight of landSeltelevating platforms called jaakps were able to stand with their legs

on the sea bottom and to operate over several tens of meters of water dePémi
submersibledrilling rigs were deviseth the mid1950s,consisingof a triangular, rectangular

or pentagonal shaped platform connected with submerged hulls by means of large columns.

The first transportable, submersible drilling rig, 'Mr. Charlie', which started prospecting in 1954
for Shell Oll in the Gulf of Mexicnear the mouth of the Mississippi is exhibited by the

16



TICCIH €%

International Petroleum Museum and ExpositjoloouisianaAn adapted Ocean Star 1969
offshore drilling rig moored in the harbour in Galveston, Teisasow the Offshore Drilling Rig
Museum and EducatioGener.

In the early 1970s, the reservoirs discovered in the North Sea and in the Gulf of Mexico gave
boost to the development of more and more specialized technologies for offshore
hydrocarbon prodution (Macini and Mesini 2018Exploration in the North Sea, extrapolating
from on-shore fields in England and Holland, led to the discovery of huge oil and gas resources,
first in the Norwegian sector in 1969 in the Ekofisk Field, followed by the F&ra&kin the UK
sector the year after. From the 1970s, enormous steel platforms were built, transported, and
installed on the seabed in water depths rangingnfr 60 to 1,000 m. Concrete deepter
structurescalledcondeeps were developed in Norway with asle of concrete oil storage tanks
from which one,three or four concrete shafts s® up to above the surface. The largest
condeep platform, Troll, was almost 500 m tall and weighed over 1m metric tons. Britain,
Norway, Denmark and the Netherlands were &ygseltsufficient in oil and gas by the late
1970s. Tie economy and national ideryitof Norway, in particular, was radically changed by
the wayin whichit managed its oil revenues.

It was not considered feasible to conserve any of these platfomimsn production began
rapidlyto decline in the early 2000s. Characteristically, little direct physical evidence relative to
the technical and economic importance of North Sea oil and gas has been conserved, although
the Norwegian national museum of the peteaim industry Norsk Oljemuseumhas a
comprehensivgprogramme of collecting documentary material about the history of North Sea

oil extraction (Sandberg and Gjerde 2013 digital recording of petroleum infrastructure is
also an importance technique which has been developed in the North Seaindustry.

Natural gas

As early as 1821, a limited local provision of natural gas for urban lighting had been established
in cities close to thegassource,such asin Fredonia, New Yorkand in Chicago. But the
technical problems of storing and transporting naturakgestricted its development, which

was taken up by manufactured or coal gas.

At the end of the 19 century improved pipelines with legiroof couplings allowed longer
distribution networks to le built, with compressors to move the gas. The Turner Yaks

plant (see case stud$.6, 6 SAGSNY /I yI RIFQa FANRG Yy I (dzNT €
and now a National Historic Site of Canada, was built from 1914. Millions of cubic feet of gas
were flared every day until a pipeline was built to Calgary, and by 1921 gas was flowing to
dS0dz2NB YINySGd ¢KS O2fR O2yRAGA2Y A YSIyi
built in warmer regions wre not possible for the plant needed to scrub hydrogen sulphide
from the natural gas and to compress the gas for movement to consurftegsnfrastructure

for natural gas entails treatment facilities to separate liquids and gases and remove hydrogen
sulphide and other compounds, storage vessels and pipeliBe#dings and equipment at
Turner Valley reflect decades of development and inriova

After World War Il, new welding techniques, along with advances in pipe rollinfpagidg,
further improved pipeline reliability and fed a pipeline construction boom as gas became a
preferred fuel for domestic and industrial customers.
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Petroeum refineries and petrochemical plants

Refineries are a key element in the petroleum production and consumption chain. Moreover,
refineries are key drivers in the creation of built environments, materially transforming
neighbouring cities and landscapesrecisely because they themselves are highly specialjzed,
expensive, large, lonkasting, and spatially fixed entitie@-lein 2018ph452)

By the 2@ century petroleum refinerieshad becomdarge, sprawlinghemical plants whose
location was tied into international logistical networks as well as the primary sources of their
raw material. They are often remarkably letasting plants, renewed, rebuilt or reinvented
sometimes over more than a century as technology, products and markets changed
Consequenthyitis rare for originahistoric structures, plant or buildings to survive.

An illustrative example is Salzbergen refinery in Lower Saxony, Germany, considered among
the oldest in world. Founded in 1860 to refine paraffin from oil shal&868 it began distilling
Pennsylvania crude oBythe 1870s was producing fine lubricating oils for textile machinery,
and from 1890s heavier colesistant oils forailwaytrains, using oil shipped from Baku. In
1908 it began refining local oil fromig¥ze(see case study.5). It was very badly bombed in

1945 but rebuilt after the war, was almost closed by BASF in 1994 before being bought out by
two former customers, and now makes oil products including lipstick, packaging and textiles
(Oehlke 2010). Aother example ofilonglastingplantis the Philadelphia refinerpuilt by the
Atlantic Petroleum Storage Company beside the Delaware River in\i8¥h threatened by
cloaure, it was revived with the arrival of shale oil frofimacking inNorth Dakota.The Baton
Rouge refinery built in 1908 by Standard Qil on the banks of the Mississippi River to process
the Texas oil fields was still, in 2016, the thirteenth largest in the world.
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Two images of theSalzbergen refineryrom 1903 and 201dllustrate how radically these plants have
changed®© Oehlke 2010).

CNRBY (KS f+3GS mohonaz 52¢ [/ KSYAOIta 2LIWISR F2NJ
petrochemicals plant, deciding that enclosing the vast tangle of pipes and taaksuilding

envelope, as in the north of the country, would be unnecessary in the mild climate of the Gulf

coast (Allen 2006). Oil processing plants became larger and increasingly automated complexes.

The progressof the industry along th¢ 2 dzA &helmgal-Corkélo€demonstrates this trend.

A cracking process was independently developed and patented in 1913 by Standard Oil for
converting oil to gasoline and allowing chemical engineers to process crude and petroleum
distillates efficiently.{ G4 YRIF NR hAf Q&a . I G42y w2idniAgof thdS T Ay S NB
development of thdowerMississippi River petrochemical refineries.

A series of significant discoveries of oil and gas were made afteratf@ll@cceleratedrom

1940, while by 19470ff-shoredrillinghad recedeaut of sight of landBythenthere were\®77

refineries and chemical plants in Louisiana, and their numbers continued to grow: 211 in 1962,

284 in 1981, 320 in 2002. Along the lower Mississippi River the numberreffinihg and
chemicalprocessing plants rose from 126 in 1962196 in 2002. A landscape once dominated

08 adzaAlI NOFryS FTAStRa KIFIR 0SSy (6 \OBtaud khée & (NI y &
oldest North American oil fields led to a massive petrochemical complex in Sarnia, known as
Chemical Valley, which began dyiorld War Il and today has 62 facilities and refineries.

It is not evident, however, wibhof these structures might be considered as historic resources

capable of testifying to this remarkableattern of industrial developmentMoreover, & well

as theNB IA 2y Q& OfbirttpMce df 2he @eochénical industrylouisiana is also

WEY2y3 GKS Yzald G2EAO LI IO0Sa Ay G(KS ' yAGSR { il
residents over air and water pollution and one of the cradleshefenvironmental justice
Y20SYSYyGQ 6! ttSy wnncs MMcO®
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