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The Jet Age arrives 1960 - 1979
Vietnam War years
Photo 1. Douglas Skyraiders on exercise in Vietnam circa 1968  
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Photo 2. Australian soldiers from 7th Battalion Royal Australian Regiment in action about to aboard Bell UH-1 Iroquois (1967).
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[bookmark: _Toc58169853]Summary
During this period there would be a need for a wide range of petroleum products, avgas, jet fuel, diesel, lubricating oils and other products. In particular the period of the Vietnam War would see the role of supplying petroleum products to the fighting forces once again be essential.  
Chronology – Australian Aviation Timelines[endnoteRef:1] [1:  Australian Aviation History Time Lines - Website accessed June 1, 2002 - http://users.chariot.net.au/~theburfs/aahistpage1.html#preww1] 

1960 May 13: QEA introduced Lockheed Electras L-188 (turboprop aircraft) on the Sydney-Noumea service. 
June 4: the first DHA Drover Mk. 3 was handed over to the Royal Flying Doctor Service. 
December 1: No. 16 Army Light Aircraft Squadron., RAAF was formed at Amberley with Bell 47G-2 helicopters. 
1961 June 16: Alitalia inaugurated its Italy-Australia Douglas DC-8 (jet) service.
June 21: Squadron Leader M. Beavis landed at Richmond NSW in an Avro Vulcan 1A of No. 617 Squadron, RAF after flying non-stop from RAF Scampton, UK, 18,508 km, in 20 hrs 3 mins 11 secs - the first non-stop England-Australia flight. The Vulcan was refuelled 3 times (inflight refuelling).
1962 Feb. 1: QEA's first Boeing 707 V-jet Kangaroo flight on the Sydney-London via Perth route was made.
March: No. 10 Squadron RAAF received the first 3 of 12 Lockheed P2V-7 Neptunes.
June: No. 79 Squadron, RAAF under the command of Wing Commander J. Hubble, began operating CAC Sabres from Ubon airfield, eastern Thailand.  
November: the first Bell UH-1B Iroquois helicopter for No. 9 Squadron, RAAF arrived at RAAF Fairbairn. 
R.A.A.F. MODERNIZES[endnoteRef:2] [2:  Flying Review International, Vol. 20, No.5, February 1963] 

During 1963-68 the RAAF will spend some £A116M on new aircraft as part of a sweeping modernization programme prompted by Indonesian policies and actions, and the growth of communist activities in Asia. New equipment will include ten G.A.M. Dassault Mirage IIIB two-seat trainers, twelve Lockheed C-130E Hercules transports to supplement the C-130As currently in service, fourteen Grumman S-2D Tracker ASW aircraft to operate from HMAS Melbourne, ten Lockheed P-3A Orion maritime reconnaissance aircraft, and seventy-five jet primary trainers of unspecified type. 
1963 March: the first of 116 French made Dassault Mirage III-O Mach 2 fighters was accepted by the RAAF in Paris.
October 23: The Commonwealth Government announced that 24 General Dynamics F-111C aircraft would be ordered for the RAAF to replace the GAF Canberra currently providing strike capability to the RAAF.
1964 Jan 28: TAA ordered the Beech Queen Air A80 to replace Douglas DC-3 Dakota on third-level routes.
Feb. 25: The first of 18 DHC-4 Caribou STOL (Short Take –Off & Landing) transports for the RAAF was officially handed over in Ontario Canada.
June: Four Bell UH-1B Iroquois helicopters of No. 5 Squadron RAAF were shipped to RAAF Butterworth aboard the aircraft carrier HMAS Sydney, for operations on the Thai-Malaysia border.
July: RAAF Transport Flight, Vietnam was formed and was equipped with three de Havilland Canada DHC-4 Caribou aircraft.
October 16: First Boeing 727’s for TAA and Ansett-ANA arrived in Sydney. 
1965 April 15: First Transavia PL- 12 Airtruk agricultural aircraft was flight tested at Bankstown. 
 Photo 3. Transavia PL-12 Airtruk agricultural crop duster aircraft [endnoteRef:3] [3:  By Fmt1962 - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=78770512] 
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August 1: No. 75 Squadron, RAAF was equipped with the Dassault Mirage III-O.
August 26: RAAF announced that it would order 108 Aermacchi MB-326 jet trainers. 
December: Commonwealth Government ordered 2 BAC-111s, 10 Hawker Siddeley HS-748s and 2 Dassault Mystere 20s for RAAF VIP tasks. 
1966 March: Former WWII squadron, No. 37 Squadron, RAAF reformed preparatory to taking delivery of its first three Lockheed Hercules aircraft, in August, at Richmond, NSW. 
May: No. 9 Squadron, RAAF departed for Vietnam service with its Bell UH-1B Iroquois helicopters aboard the aircraft carrier HMAS Sydney.
June 1: The RAAF Transport Flight, Vietnam was renamed No. 35 Squadron, and equipped with a squadron's complement of Caribou aircraft.
June 22: A new air freight service, operated by IPEC in Australia, began operations with its Bristol Freighter aircraft.
July 1: The RAAF ordered 10 Lockheed P-3B Orion to replace No. 11 Squadron’s Lockheed P-2V Neptunes.
1967 April 17: First McDonnell Douglas DC-9-30s for TAA and Ansett-ANA entered service.
April 19: No. 2 Squadron, RAAF with eight Canberra B.20s, transferred from Butterworth, Malaysia to Phan Rang, Vietnam, under control of the US 7th Air Force's 35th Tactical Fighter Wing.
May: No. 75 Squadron, RAAF flew its Dassault Mirage III-Os to Butterworth and No. 2 Squadron made the first operational flights with its Canberras in Vietnam.
August 1: Qantas Empire Airways Ltd. changed its name to Qantas Airways Ltd.
October 2: First Macchi MB-326 jet trainer was officially handed over to the RAAF at Avalon. 
1968 January 10: the first Lockheed P-3B Orion was handed over to the RAAF at Lockheed's Burbank plant, USA.
Nov 1: Ansett-ANA became Ansett Airlines of Australia. 
1969 February 13: No. 77 Squadron, RAAF flew its Sabres back to Williamtown from Butterworth, after 10 years’ service in Malaysia. No. 3 Squadron flew its Mirages to Butterworth.
August 19: The first Fokker F-27 Friendship arrived in Perth.
Oct. 28: BOAC's first Vickers VC-10 service from London, via Los Angeles, arrived in Sydney. 
1970 January 4th London-to-Sydney Air Race competitors arrived at Bankstown. The race commemorated the first flight from England to Australia in 1919. Outright winners were W.J. Bright and F.L. Buxton in a Bitten Norman BN-2A Islander.
Australian Federal Government announced a $3.2 million contract on January 14 for the construction of two prototypes of the Government Aircraft Factory Project N twin-engined turboprop aircraft, expected to make its first flight in mid-1971. The aircraft became the GAF N22 Nomad.
February: Ansett Airlines operated the first jet cargo service between Melbourne (Vic.) and Perth (W.A.) using Boeing 727-77QC VH-RMS. The aircraft was configured for 98 passengers in daytime use, and operated by night in freighter configuration.
August 19: The Commonwealth Government announced that twelve Boeing Chinook heavy lift helicopters had been ordered by the RAAF.
September 14: the first 5 of 24 McDonnell Douglas F-4E Phantoms arrived at Amberley. They were leased by the RAAF from the USAF as an interim replacement for the Canberras of Nos. 1 and 6 Squadrons, pending the delivery of the 24 General Dynamics F-111Cs.
1971 March-April: The RAAF's two new aerobatic teams, the Deltas, part of No. 77 Squadron based at Williamtown, flying Mirages, and the Roulettes, comprising a Macchi MB-326 team flown by instructors from Central Flying School, East Sale, Vic., performed at several Golden Jubilee flying displays. 
May 31: No. 2 Squadron, RAAF, completed its last Canberra operation in Vietnam.
July: The last of the RAAF's Avon Sabres were withdrawn from service. In 1973 Indonesia would receive 16 of the Sabres, to be based in Java. 
1972 Feb 19: Four DHC-4 Caribou aircraft of No. 35 Squadron, the last RAAF aircraft in South Vietnam, left Vung Tau and arrived back at Richmond on Feb 26.
Aug: Orders were announced for 37 CT-4 Airtrainers to replace the RAAF's Winjeels.
Sept 22: The last CAC-built Macchi MB-326H jet trainer was handed over to the RAAF at Avalon.
During 1973, Qantas inaugurated its first Boeing 747 flights to the USA. 
1973 June 1: the first 6 RAAF General Dynamics F-111Cs arrived at Amberley after a trans-Pacific ferry flight McClellan USAFB, California. The last of the 24 ordered arrived in December.
July: Defence Minister Mr. L. Barnard stated on July 20 that the carrier HMAS Sydney would be withdrawn from the Australian fleet and placed in reserve pending disposal. The ‘Sydney’ was commissioned in December 1948 and served with distinction in Korean waters in 1951-52 and 1953-54. It later made 24 round trips to Vietnam carrying troops and equipment in a transport role.
Sept 1: No. 12 Squadron, RAAF, was formed at Amberley, Qld., to operate the Boeing CH-47 Chinook heavy lift helicopters ordered for the RAAF.
December: Prime Minister Whitlam announced that, from December 1st the separate departments of Army, Navy and Air Force would be merged into a single combined Department of Defence. Among other changes, the former Department of Civil Aviation would be merged into a combined land, sea and air Department of Transport. 
1974 March: As the regular Short Sandringham flying boat service to Lord Howe Island would cease on May 31, Army engineers began building a 915-metre runway in March. It would be suitable for use by the RAAF's Caribou STOL transports in medical emergencies, as there were at the time no available large commercial aircraft which could use the runway.
1975 Jan 15: The first of 37 CT-4 Airtrainers was officially handed over to the RAAF at Bankstown.
April: The first production GAF Nomad was handed over to Nationwide Air Services at Mascot, NSW on April 30th. The second prototype was booked to appear at the Paris Air Show. 
1976 October 20-23: The Perth-Sydney Air Race was held. The outright winner was an Australian Army Bell Kiowa helicopter flown by Lt. P. Lewis and Capt. P. Peelgrane. Also, in October Australian Defence Minister Mr. Jim Killen said that a new jet trainer aircraft would be required by the RAAF and RAN to replace the Macchi MB-326Hs in the early 1980s. The aircraft under consideration were the Macchi MB-339, the BAe Hawk, the Alpha Jet and the Casa C-101.
December: Ten RAN Grumman S-2E Trackers were written off after a deliberately lit hangar fire at Nowra, NSW. 
1977 April: The Royal Australian Navy aircraft carrier, HMAS Melbourne, arrived in Sydney on April 5th with 16 Grumman S-2G Trackers for the RAN. The S-2Gs were obtained to replace the S-2Es lost in the 1976 fire.
Photo 4. Grumman S-2G Tracker ex RAN at Vietnam Veterans Museum, Phillip Island Vic. (2017 Petroch Services)
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1978 March 11: Flt. Lt. David Cyster arrived in Darwin, NT in a DH-82 Tiger Moth after completing a 33-day flight from London to commemorate Bert Hinkler's first solo flight.
July 28: First of 12 Lockheed C-130H Hercules for the RAAF arrived at Richmond, NSW, after a ferry flight from the USA.
1978 Qantas announced that it would be accepting its future Boeing 747s with Rolls-Royce RB 211-524B engines, rather than Pratt & Whitney power plants. 
1979 June: RAAF Lockheed P-3C Orions shadowed Soviet warships in the Indian Ocean.
Australian Army's last Bell 47G-3B-1 Sioux helicopter in service, A1-404, was presented to the Australian War Memorial, Canberra. It flew from Oakey to Canberra on the 12-13 June, piloted by Col. R.R. Harding and Maj. J.D. Campbell. Campbell earned a DFC on February 21, 1967 when, as a Captain, he landed A1-404 several times in a minefield in South Vietnam to evacuate wounded soldiers.


[bookmark: _Toc58169854]Jet Fuel demand starts to surpass Avgas
Aircraft engine developments are turbine types. Avgas demand is stagnant, Jet Fuel demand is increasing.
The 1960’s saw the expansion of civil aviation as they acquired the new turbo-prop powered aircraft such as the Vickers Viscount and Lockheed Electra; and the new jet powered Boeing 707 and Douglas DC-8 were about to cross Australian skies. The demand for jet fuel was to increase dramatically as shown below. 
[image: ]Graph 1. Australian Avtur (Jet) & Avgas usage 1939-1999.
There was however trouble looming in the former French colony of Indo-China which would become another war which unlike others, would polarize opinions within a nation – the ‘Vietnam War’.
While nearly all frontline fighters and bombers were now jet powered, there were still some ground attack, transport, service and training aircraft which were still powered by internal combustion piston engines. The ground attack aircraft were essentially developments of those which had served in the Korean War. – such as the Douglas Skyraider, these required Avgas 115/145. 
Smaller observation aircraft where speed was not a requirement; were also propeller driven aircraft – Cessna O-2A which used Avgas 115/145.


Photo 5. Douglas Skyraider on display at PIMA Air Museum, Tucson, Arizona U.S.A. (1998- Petroch Services) 
[image: ]
Photo 6. Cessna O-2A on display at Temora Aviation Museum, New South Wales, Australia (2005- Petroch Services) 
[image: ]
The Cessna O-2A in the Temora Aviation Collection is one of only two O-2A’s flown in Australia. 
In 1966, the United States Air Force (USAF) realised it needed a replacement for its O-1 Bird Dogs in Vietnam. The Cessna 337 Super Sky Master was selected and, with relatively minor modifications to incorporate under wing weapons mounts and weapon release systems, was sent to war in Vietnam designated O-2A. The Cessna O-2A is an all metal, high wing, retractable gear aircraft incorporating twin tail booms and an engine mounted at the front and rear of its fuselage pod. A total of 501 Cessna O-2A’s were delivered to the USAF.
The museum’s Cessna O-2A has been remarked to resemble the one flown by Australian FAC (Forward Air Controller) pilot David Robson. As Jade 07, Flying Officer David Robson (RAAF) flew over 240 missions in the O-2A and controlled over 80 air strikes in support of the Australian troops. [endnoteRef:4] [4:  http://www.aviationmuseum.com.au/aircraft/CessnaO2A.cfm Website accessed Jan 7, 2005 ] 

Photo 7. Markings Cessna O-2A at Temora Aviation Museum (2005 – Petroch Services)
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The markings identify this aircraft as US Air Force (Cessna) O-2A (Observation type) with AF (Air Force) serial number 67-21407. The year of manufacture was 1967 and this was aircraft 21,407 for that year. It is assumed that the markings are correct and that during its operational days in Vietnam it used Avgas 115/145. These days it uses Avgas 100 – probably Avgas 100LL.
[bookmark: _Toc58169855]Decline of Avgas Production
The progressive increase in demand for jet fuel and the replacement of avgas powered aircraft saw the decline in avgas production particularly in those petroleum export countries. The following chart illustrated to decline both in production, imports and exports
Graph 2. Avgas World-wide Production, Imports/Exports 1970-1981.[endnoteRef:5]   [5:  The World Petroleum Industry - The Market for Petroleum and Petroleum Products in the 1980's" by Stuart W Sinclair - 1984 Euromonitor Publications.] 
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The major avgas producing countries were as they had been during World War II – in order U.S.A., Netherlands Antilles (Dutch West Indies), and Middle East (Iran), however there were a few interesting new comers as a result of the post-world war II expansion in Europe. In particularly the new refineries in Holland, West Germany and Italy which replaced those destroyed during the Allied bombing raids of World War II. Even so, aviation gasoline production was declining, as illustrated below.
Graph 3. Avgas Production by location 1970-1981 
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Photo 8. Typical oil refinery of the era
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Vietnam War 1962-1975
Summary of Events[endnoteRef:6] [6:  http://www.sparknotes.com/history/american/vietnamwar/summary.html Website accessed Jan 7, 2006 ] 

Imperialism and Colonialism
The Vietnam War has its roots in Vietnam’s centuries of domination by imperial and colonial powers—first China, which ruled ancient Vietnam, and then France, which took control of Vietnam in the late 1800s and established French Indochina. In the early 1900s, nationalist movements emerged in Vietnam, demanding more self-governance and less French influence. The most prominent of these was led by Communist leader Ho Chi Minh, who founded a militant nationalist organization called the Viet Minh.
During World War II, when France was occupied by Nazi Germany, it lost its foothold in Vietnam, and Japan took control of the country. The Viet Minh resisted these Japanese oppressors and extended its power base throughout Vietnam. When Japan surrendered at the end of World War II in 1945, Ho Chi Minh’s forces took the capital of Hanoi and declared Vietnam to be an independent country, the Democratic Republic of Vietnam. 
Photo 9. Ho Chi Minh (1946)[endnoteRef:7] [7:  https://commons.wikimedia.org/wiki/File:Ho_Chi_Minh_1946_and_signature.jpg] 

[image: ]
France refused to recognize Ho’s declaration and returned to Vietnam, driving Ho’s Communist forces into northern Vietnam. Ho appealed for aid from the United States, but because the United States was embroiled in the escalating Cold War with the Communist USSR, and distrusted Ho’s Communist leanings and aided the French instead. Fighting between Ho’s forces and the French continued in this First Indochina War until 1954, when a humiliating defeat at Dien Bien Phu prompted France to seek a peace settlement.
Photo 10. 1952 F4U-7 Corsair of the French Navy 14.F flotilla which fought at Dien Bien Phu[endnoteRef:8] [8:  By moi-même - Meeting aérien Ambérieux en Bugey (France), Public Domain, https://commons.wikimedia.org/w/index.php?curid=904659 ] 
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Divided Vietnam
The Geneva Accords of 1954 declared a cease-fire and divided Vietnam officially into North Vietnam (under Ho and his Communist forces) and South Vietnam (under a French-backed emperor). The dividing line was set at the 17th parallel and was surrounded by a demilitarized zone, or DMZ. The Geneva Accords stipulated that the divide was temporary and that Vietnam was to be reunified under free elections to be held in 1956.
Photo 11. The Geneva Accord Conference 1954
[image: ]
The Cold War and the Domino Theory
At this point, the United States’ Cold War foreign policy began to play a major part in Vietnam. US policy at the time was dominated by the ‘domino theory’, which believed that the “fall” of North Vietnam to Communism might trigger all of Southeast Asia to fall, setting off a sort of Communist chain reaction. Within a year of the Geneva Accords, the United States therefore began to offer support to the anti-Communist politician Ngo Dinh Diem. With US assistance, Diem took control of the South Vietnamese government in 1955, declared the Republic of Vietnam, and promptly cancelled the elections that had been scheduled for 1956.
The Diem Regime
Diem’s regime proved corrupt, oppressive, and extremely unpopular. Nonetheless, the United States continued to prop it up, fearful of the increasing Communist resistance activity it noted in South Vietnam. This resistance against Diem’s regime was organized by the Ho Chi Minh–backed National Liberation Front (NLF), which became more commonly known as the Viet Cong.
In 1962, US President John F. Kennedy sent American “military advisors” to Vietnam to help train the South Vietnamese army, the ARVN, but quickly realized that the Diem regime was unsalvageable. Therefore, in 1963, the United States backed a coup that overthrew Diem and installed a new leader. The new US-backed leaders proved just as corrupt and ineffective.
Johnson and US Escalation
Kennedy’s successor, Lyndon B. Johnson, pledged to honour Kennedy’s commitments, but hoped to keep US involvement in Vietnam to a minimum. After North Vietnamese forces allegedly attacked U.S. Navy ships in the Gulf of Tonkin in 1964, Johnson was given carte blanche in the form of the ‘Gulf of Tonkin Resolution’ and began to send U.S. troops to Vietnam. Bombing campaigns such as 1965’s Operation ‘Rolling Thunder’ ensued, and the conflict escalated. Johnson’s “Americanisation” of the war led to a presence of nearly 400,000 U.S. troops in Vietnam by the end of 1966.
Photo 12.  USAF KC-135 tanker refuels USAF F-5 fighters (circa 1965)
[image: ]
Bomb-laden USAF F-5 aircraft are shown here refuelling from a KC-135 tanker before striking a Viet Cong position in South Vietnam. (U.S. Air Force photo)
Quagmire and Attrition
As the United States became increasingly mired in Vietnam, it pursued a strategy of attrition, attempting to bury the Vietnamese Communist forces under an avalanche of casualties. However, the Viet Cong’s guerrilla tactics frustrated and demoralized U.S. troops, while its dispersed, largely rural presence left American bomber planes with few targets. The United States therefore used unconventional weapons such as napalm and the herbicide defoliant ‘Agent Orange’ but still managed to make little headway.
The Tet Offensive
In 1968, the North Vietnamese Army and the Viet Cong launched a massive campaign called the Tet Offensive, attacking nearly thirty U.S. targets and dozens of other cities in South Vietnam at once. Although the United States pushed back the offensive and won a tactical victory, American media coverage characterized the conflict as a defeat, and U.S. public support for the war plummeted. Morale among U.S. troops also hit an all-time low, manifesting itself tragically in the 1968 My Lai Massacre, in which frustrated U.S. soldiers killed hundreds of unarmed Vietnamese civilians in a small village.
The Anti-war Movement
Meanwhile, the anti-war movement within the United States gained momentum as student protesters, countercultural hippies, and even many mainstream Americans denounced the war. Protests against the war and the military draft grew increasingly violent, resulting in police brutality outside the Democratic National Convention in 1968 and the deaths of four students at Kent State University in 1970 when Ohio National Guardsmen fired on a crowd. Despite the protests, Johnson’s successor, President Richard M. Nixon, declared that a “silent majority” of Americans still supported the war.
Vietnamization and U.S. Withdrawal
Nonetheless, Nixon promoted a policy of Vietnamization of the war, promising to withdraw U.S. troops gradually and hand over management of the war effort to the South Vietnamese. Although Nixon made good on his promise, he also illegally expanded the geographic scope of the war by authorizing the bombing of Viet Cong sites in the neutral nations of Cambodia and Laos, all without the knowledge or consent of the U.S. Congress. The revelation of these illegal actions, along with the publication of the secret Pentagon Papers in U.S. newspapers in 1971, caused an enormous scandal in the United States and forced Nixon to push for a peace settlement.
The Cease-fire and the Fall of Saigon
After secret negotiations between U.S. emissary Henry A. Kissinger and North Vietnamese representative Le Duc Tho in 1972, Nixon engaged in diplomatic manoeuvring with China and the USSR - and stepped-up bombing of North Vietnam - to pressure the North Vietnamese into a settlement. This cease-fire was finally signed in January 1973, and the last U.S. military personnel left Vietnam in March 1973. The U.S. government continued to fund the South Vietnamese army, but this funding quickly dwindled. Meanwhile, as President Nixon became embroiled in the Watergate scandal that led to his resignation in August 1974, North Vietnamese forces stepped up their attacks on the South and finally launched an all-out offensive in the spring of 1975. On April 30, 1975, the South Vietnamese capital of Saigon fell to the North Vietnamese, who reunited the country under Communist rule as the Socialist Republic of Vietnam, ending the Vietnam War. 
[bookmark: _Toc58169857]
Vietnam War 1962-1975 – Australia’s involvement
Overview[endnoteRef:9] [9:  http://www.anzacday.org.au/history/vietnam/overview.html  Website accessed Jan 7, 2006] 

The Vietnam War arose out of more than a century of foreigners’ occupation of Vietnam. It was a war for Vietnamese independence, but also a civil war between two competing philosophies.
Figure 1. Vietnam circa 1960
[image: ]
Vietnam has always been subject to threats and invasion from its large neighbours - particularly China. In the eighteenth century a new threat emerged - the French invaded the area, called Annam then, and established control. They used the land as their colony, and created a strong French influence, though one which did not suppress Vietnamese desires for independence.
The main reason for the United States’ involvement was a fear that communism would spread throughout Asia. China had become communist in 1949, and the Korean War of the 1950s had seemed to show the spreading power and influence and threat of communism. The Australian government shared this view, and was ready to support the United States in South Vietnam.
The United States began sending larger and larger numbers of troops to South Vietnam. Australian soldiers were in South Vietnam as advisers from 1962. In 1965 Prime Minister Menzies, in an attempt to tie the United States to defence of Australia against any threat from Indonesia, announced that Australia would send combat troops. This included conscripted soldiers, National Servicemen, after 1966. These were chosen by a ballot of all 20-year-old males, though only a small proportion of all eligible men were called up.
Most Australian Army operational units served in South Vietnam during the war. They served mainly in the Phuoc Tuy province of Vietnam - at the Nui Dat base and at the logistics base at Vung Tau. Many officers and warrant officers served with distinction in South Vietnamese Army units as part of the Australian Army Training Team Vietnam (AATTV). The normal tour of duty was one year with complete unit replacement where appropriate, otherwise the unit remained in situ and only the personnel changed.
The Royal Australian Navy commitment included: destroyers providing Naval Gunfire Support attached to the US Seventh Fleet; a Clearance Diving Team assisting in harbour defence; aircrew and support staff serving with the US Army's 135th Assault Helicopter Company; helicopter pilots serving with No. 9 Squadron RAAF; logistic support being provided by HMAS Sydney (known colloquially as the "Vung Tau Ferry") and MVs Jeparit and Boonaroo.
Among the Royal Australian Air Force commitments were: No. 2 Squadron (flying Canberra bombers) based at Phan Rang; No. 9 Squadron, providing transport and fire support to the 1st Australian Task Force from its base at Vung Tau; No. 35 Squadron, providing transport support with its Caribou aircraft; aircrew and various specialists serving with US Air Force units.
Photo 13. RAAF Canberra A-84 of No. 2 Squadron undergoing service[endnoteRef:10]  [10:  http://www.raaf.gov.au/airpower/html/historical/part5-main.asp  Website accessed Jan 7, 2006] 

[image: ]
From mid 1966 the main task of the Australians was to secure Phuoc Tuy province, in which they were based. This involved fighting the North Vietnam Regular Army soldiers based there, as well as the local Viet Cong guerrillas, and denying them food, supplies and safe places. There was also a significant commitment to improving infrastructure in the province, with many Australian soldiers being employed on road and bridge construction, among other projects.
In 1967 the Australian commitment reached its peak at about 8,300 personnel in Vietnam at the one time. In 1970 withdrawals began, and by the end of 1972, the troops had virtually all been withdrawn, with security of the Province being handed over to the South Vietnamese Army. In 1975, after the withdrawal of United States’ support, the North Vietnamese and the Viet Cong guerrillas took Saigon, and ended the war with the reunification of Vietnam under Communist rule. About 57,000 Australians served at some time in Vietnam, with about 520 dying as a result of the war, (different numbers are given by different authorities, depending on the criteria applied).
[bookmark: _Toc58169858]
Petroleum Supplies to support the troops
Since the mechanization of war, petroleum products such as fuels and lubricants have been required. The principles of petroleum supply operations set up during the Second World War of petroleum depots in the field, have continued in every conflict fought on land since that time. The Vietnam War was no different, with the establishment of fuel depots or POL Depots (Petrol, Oil, Lubricants) behind the battlefield areas.
The following are a few examples of these locations
Photo 14. POL depot somewhere in Vietnam (circa 1960s)
[image: ]
 

 Photo 15.  POL depot and loading berth in Vietnam (1968)
[image: ]
Photo 16. US Army tanker refuels an armoured personnel carrier in Vietnam (1960s)
[image: ]

Photo 17. Da Nang, Vietnam 1965 local Vietnamese loading drums of fuel into the cargo bay of a Caribou aircraft
[image: ]
Photo 18. Phuoc Tuy Province, Vung Tau; Vietnam: South Vietnam 1964 fuel hoses leading from the various rubber tanks[endnoteRef:11] [11:  ID Number:  MAL/64/0103/04 Maker: Travers, Dereck B.  Place made: Vietnam: Phuoc Tuy Province, Vung Tau; Vietnam: South Vietnam Date made:  October 1964 Physical description:  Black & white Summary:  A view of the fuel hoses leading from the various rubber tanks, behind sandbags, to a central fuelling point. In the background an RAAF man talks with a US Army man before taking fuel from the store.  Copyright:  clear  ] 

[image: master image]
Vietnam: Phuoc Tuy Province, Vung Tau. October 1964. A view of the fuel hoses leading from the various rubber tanks, behind sandbags, to a central fuelling point. In the background an RAAF man talks with a US Army man before taking fuel from the store.  

Photo 19. Vung Tau, 1968-08. Preparing a load of 500-gallon rubber fuel bladders for air despatch to a forward fire support base[endnoteRef:12] [12:  Maker:  Errington, William Alexander Physical description:  Black & white Summary:  Vung Tau, 1968-08. Preparing a load of 500-gallon rubber fuel bladders for air despatch to a forward fire support base are Private Tony Haabjoern of Nedlands, WA (left), and Private Allan McPhee of Coogee, NSW. The men are members of 176th Air Despatch Company based at the 1st Australian Logistic Support Group (1ALSG) base at Vung Tau in Phuoc Tuy Province.  Copyright:  clear  ] 

[image: master image]
Vung Tau, 1968-08. Preparing a load of 500-gallon rubber fuel bladders for air despatch to a forward fire support base are Private Tony Haabjoern of Nedlands, WA (left), and Private Allan McPhee of Coogee, NSW. The men are members of 176th Air Despatch Company based at the 1st Australian Logistic Support Group (1ALSG base at Vung Tau in Phuoc Tuy Province).  
Photo 20. South Vietnam. 1969. A bogged Australian tipper truck laden with two fuel bladders.[endnoteRef:13] [13:  ID Number:  P01381.006   Physical description:  Colour Summary:  South Vietnam. C. 1969. A bogged Australian International Mark (Mk) 5 6 X 6 Tipper Truck laden with two fuel bladders. M113 Armoured Personnel Carriers (APC) on the right. (Donor R. Gardiner) Copyright: clear  ] 

[image: master image]
South Vietnam. 1969. A bogged Australian International Mark (Mk) 5 6 X 6 Tipper Truck laden with two fuel bladders. M113 Armoured Personnel Carriers (APC) on the right. 


Photo 21. Nui Dat, Vietnam. 1966[endnoteRef:14] [14:  ID Number:  P02154.001   Physical description:  Colour Summary:  Nui Dat, Vietnam. 1966-12. View looking south of Luscombe Field, the airstrip at Nui Dat built by No.1 Field Squadron, Royal Australian Engineers and opened on 1966-12-05. Fuel storage tanks surrounded by mounds can be seen in the middle distance, the task force maintenance area is on the top right, 6th Battalion, The Royal Australian Regiment (6RAR) is in the rubber trees on the top left, and 5th Battalion, The Royal Australian Regiment (5RAR) is in the rubber trees in the foreground. (Black and white version at P1513/01) (Donor D. Bishop) Copyright:  clear  ] 

[image: master image]
Nui Dat, Vietnam. 1966-12. View looking south of Luscombe Field, the airstrip at Nui Dat built by No. 1 Field Squadron, Royal Australian Engineers and opened on 1966-12-05. Fuel storage tanks surrounded by mounds can be seen in the middle distance, the task force maintenance area is on the top right, 6th Battalion, The Royal Australian Regiment (6RAR) is in the rubber trees on the top left, and 5th Battalion, The Royal Australian Regiment (5RAR) is in the rubber trees in the foreground. 
Photo 22. Nui Dat, Vietnam. 1967 Australian soldiers connect a four-inch pipe to a 10,000-gallon fuel storage tank.[endnoteRef:15] [15:  ID Number:  CAM/67/0571/VN   Maker:  Campbell, Bryan Physical description: Black & white Summary:  Nui Dat, Vietnam. 1967-07. Sergeant Vivian Tippett of Waiouri, NZ (left), and Private Jim Watton of Wentworthville, NSW, connect a four-inch pipe to a 10,000-gallon fuel storage tank before refuelling armoured personnel carriers of A Squadron, 3rd Cavalry Regiment, based with the Australian Task Force.  Copyright:  clear  ] 
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Nui Dat, Vietnam. 1967-07. Sergeant Vivian Tippett of Waiouri, NZ (left), and Private Jim Watton of Wentworthville, NSW, connects a four-inch pipe to a 10,000-gallon fuel storage tank before refuelling armoured personnel carriers of A Squadron, 3rd Cavalry Regiment, based with the Australian Task Force. 

Photo 23. South Vietnam. 1969. Centurion tank from B Squadron, 1st Armoured Regiment refuelled from rubber fuel bladders[endnoteRef:16] [16:  ID Number:  BEL/69/0435/VN Maker:  Bellis, Christopher John Physical description:  Black & white Summary:  South Vietnam. 1969-07. A Centurion tank from B Squadron, 1st Armoured Regiment, is refuelled from rubber fuel bladders near the Long Hai hills about seven miles south of the 1st Australian Task Force (1ATF) base at Nui Dat. The tank was providing protection for the engineers of the 1st Field Squadron engaged in clearing the foothills of the Long Hais. The aim of the scheme is to expose enemy bunker systems in the area, clear mines, and deny the Viet Cong (VC) ready access to the nearby villages.  Copyright:  clear  ] 
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South Vietnam. 1969-07. A Centurion tank from B Squadron, 1st Armoured Regiment, is refuelled from rubber fuel bladders near the Long Hai hills about seven miles south of the 1st Australian Task Force (1ATF) base at Nui Dat. 
Photo 24. Nui Dat, South Vietnam. 1968. Technician checks aviation fuel for water condensation[endnoteRef:17] [17:  ID Number:  ERR/68/0783/VN   Maker:  Errington, William Alexander Physical description:  Black & white Summary:  Nui Dat, South Vietnam. 1968-08. Sergeant Bob Brown of Midland, WA, checks aviation fuel for water condensation with a special colour changing capsule at the 1st Australian Task Force (1ATF) Base in Nui Dat. Condensation is a continuous problem for men of the 8th Petroleum Platoon Detachment during Vietnam's wet season. Sergeant Brown is a member of the platoon.  Copyright:  clear  ] 
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Nui Dat, South Vietnam. 1968-08. Sergeant Bob Brown of Midland, WA, checks aviation fuel for water condensation with a special colour changing capsule at the 1st Australian Task Force (1ATF) Base in Nui Dat. Condensation was a continuous problem for men of the 8th Petroleum Platoon Detachment during Vietnam's wet season. 


Photo 25. Vung Tau, South Vietnam. 1968, checking to ensure that no water seepage or condensation[endnoteRef:18] [18:  ID Number:  ERR/68/0803/VN   Maker:  Errington, William Alexander Physical description:  Black & white Summary:  Vung Tau, South Vietnam. 1968-08. Private Harry Martin of Queen's Point, WA, checks to ensure that no water seepage or condensation is present in a 5000-gallon rubber fuel tank at the (1ALSG) Base. The members of the 8th Petroleum Platoon Detachment carry out frequent tests on their supplies using chemical preparations as one of the means to detect any contamination.  Copyright:  clear  ] 
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Vung Tau, South Vietnam. 1968-08. Private Harry Martin of Queen's Point, WA, checks to ensure that no water seepage or condensation is present in a 5000-gallon rubber fuel tank at the (1ALSG) Base. The members of the 8th Petroleum Platoon Detachment carried out frequent tests on their supplies using chemical preparations as one of the means to detect any contamination.  
Photo 26. Vung Tau, South Vietnam. 1968 checking the quality (specific gravity) of fuel[endnoteRef:19] [19:  ID Number:  ERR/68/0802/VN   Maker:  Errington, William Alexander Physical description:  Black & white Summary:  Vung Tau, South Vietnam. 1968-08. Private Jim Reid of Launceston, Tas, checks the quality of fuel at the refuelling point of the 1st Australian Logistic Support Group (1ALSG) Base. Using a hydrometer in a tube of petrol is one test for any possible contamination or condensation which the members of the 8th Petroleum Platoon Detachment in Vietnam carry out frequently.  Copyright:  clear  ] 
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Vung Tau, South Vietnam. 1968-08. Private Jim Reid of Launceston, Tas., checks the quality of fuel at the refuelling point of the 1st Australian Logistic Support Group (1ALSG) Base. Using a hydrometer in a glass cylinder of petrol is one test for any possible contamination or condensation which the members of the 8th Petroleum Platoon Detachment in Vietnam carry out frequently.  
Photo 27. South Vietnam. 1971. Air Despatch Company loads a Chinook helicopter at Vung Tau[endnoteRef:20]  [20:  ID Number:  PJE/71/0094/VN   Maker:  Errington, Philip John Physical description:  Black & white Summary:  South Vietnam. March 1971. Private Max Lincoln of Griffith, NSW, a member of 176 Air Despatch Company, battles against the down draught of a Chinook helicopter Vung Tau, South Vietnam. 1968-08. Private Jim Reid of Launceston, Tas, checks the quality of fuel which is delivering bladders of diesel fuel to Night Defence Position Garth. Copyright:  clear  ] 
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South Vietnam. March 1971. Private Max Lincoln of Griffith, NSW, a member of 176th Air Despatch Company, battles against the down draught of a Chinook helicopter while loading rubber fuel bladders at Vung Tau, South Vietnam. 
Photo 28. Men of 9th Platoon, C Company, 4th Battalion, The Royal Australian Regiment (4RAR), wait to board a RAF Whirlwind helicopter[endnoteRef:21] [21:  ID Number:  P04994.026   Place made: Borneo: Sarawak, Bokah Date made: c 1966 Physical description:  Black & white Summary:  Unidentified men of 9 Platoon, C Company, 4th Battalion, The Royal Australian Regiment (4RAR), wait to board a RAF Whirlwind helicopter that is landing on the helipad at the company forward base at Bokah. The men will be flown and inserted into an area near the border where they will begin their Claret (cross border) patrol operation. In the foreground is a Bowen bunker, clad with corrugated steel sheets and supported by sandbags plus a number of 44-gallon drums containing aviation fuel.  Credit line:  Rodney Curtis, Donor Copyright:  clear  ] 
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South Vietnam: 9th Platoon, C Company, 4th Battalion, The Royal Australian Regiment (4RAR), wait to board a RAF Whirlwind helicopter that is landing on the helipad at the company forward base at Bokah, Borneo. In the foreground is a Bowen bunker, clad with corrugated steel sheets and supported by sandbags and a number of 44-gallon drums containing aviation fuel.  


[bookmark: _Toc58169859]Aviation Gasoline Composition 1960’s
The composition of aviation gasoline of the 1960’s changed somewhat from the days of WWII when any process which could produce a blendstock for the valuable avgas was given a high priority, to that of just one of another petroleum product required by the market. The composition of the aviation gasoline would be based on those blendstocks which would be shared with other market driven products such as primarily motor gasoline and to a lesser extent industrial solvents. The general composition comprised:
Light Alkylate 
Catalytically Cracked Light Naphtha (after acid treatment to remove unstable hydrocarbons such as olefins).
Catalytically Cracked Heavy Naphtha
Virgin Naphtha
Butane and Pentanes (to achieve the correct vapour pressure)
Tetra Ethyl Lead (4 ml/USG to achieve 100 Octane)
[bookmark: _Toc58169860]Chemical Composition for Aviation Gasolines 1970[endnoteRef:22] [22:  : Modern Petroleum Technology 4th. Edition G D Hobson& W Pohl – Applied Science Publishers Ltd for Institute of Petroleum 1973 ISBN: 085334 487 6, Chapter 14 “Aviation Fuels” by R.A.Vere (former Senior Staff Scientist Esso Petroleum Co. Ltd.)] 

Aviation gasolines consists almost entirely of hydrocarbons, i.e., compounds containing carbon and hydrogen only. These compounds have the highest heat content per unit weight of any conventional fuel possessing other desirable characteristics discussed below. It is mainly on the grounds of heat energy content that other compounds such as alcohols and ethers have been rejected for aircraft performance which is greatly influenced by weight and space factors.
Crude oil contains very many hydrocarbons and their chemical and physical characteristics are largely governed by the number of carbon and hydrogen atoms in each molecule and the manner in which these atoms are arranged within the molecule itself. Some of these arrangements and quantities have been found to be highly suited to piston engine operation, others to be deficient in essential properties and thus avoided or reduced in the fuel. Many of the most desirable hydrocarbons do not occur to a large extent in straight run fuels (obtained by distillation from crude oils), and therefore special refinery processes are needed to produce these desirable components.
The very many hydrocarbons occurring naturally in crude oils can be grouped into three main series or types of compound – the paraffins and isoparaffins (general formula Cn.H2n+2), the naphthenes (Cn.H2n), and the aromatics (Cn.H2n-6). The amounts of each type present will vary with the crude sources. 
The refinery operations to make a finished gasoline may vary with different crudes. Generally, aviation gasoline will consist of a high percentage of isoparaffins, and smaller percentages of naphthenes and aromatics. A typical elemental analysis of aviation gasoline is 84% hydrogen, 15% carbon wt., with some sulphur, lead, bromine, nitrogen and oxygen from dye and inhibitor, and dissolved water.
The characteristics of the three basic hydrocarbon series are given qualitatively in the following table, in terms of heat content, anti-knock value, stability and volatility. The desirable levels of performance cannot be obtained by straight distillation, so refinery processes such as alkylation, catalytic reforming and fluid catalytic cracking have been evolved to provide the necessary quality and quantity requirements for high performance fuels.
Table 1. Hydrocarbon Series Characteristics
	Hydrocarbon
	Heating Value
	Anti-knock value
	Stability
	Volatility

	
	per lb.
	per gallon
	Lean mixture
	Rich mixture
	
	

	Paraffins
	Very good
	Fair
	Poor
	Poor
	Very good
	High

	Isoparaffins
	Very good
	Fair
	Very good
	Good
	Very good
	Good

	Naphthenes
	Good
	Good
	Fair
	Good
	Good
	Variable

	Olefins
	Good
	Poor
	Poor
	Variable
	Poor
	Variable

	Aromatics
	Poor
	Very good
	Good
	Good
	Good, but adverse effect on sealing materials
	Low


Aviation gasolines of higher grades require a predominance of high octane components which do not exist naturally, but which are made available through a variety of refinery processes. The most important of these are:
(1)	The alkylation process in which unsaturated C4 hydrocarbons, obtained from cracked gases, are reacted with isobutane giving a highly isoparaffinic products;
(2)	Aromatization of naphthenic fraction to produce aromatic hydrocarbons possessing excellent rich-mixture anti-knock ratings.
Alkylate produced from (1) above is deficient in volatility and distillation characteristics and isopentane is added to improve these qualities. The combinations of alkylate and isopentane known as the alkylate blending agent, is probably the most important source of high anti-knock synthetic components for the blending of the three highest aviation gasoline grades. The base stock gasoline with which the synthetics are blended consists of straight run fractions of high initial octane number and lead response. The unsaturated compounds, the olefins, which are present in cracked stocks, cannot be used as they are unstable and prone to gum formation. 
As discussed in earlier chapters, final blending is a most important refinery operation, for selection of the proportions of the various components must be made to give a balanced and economic product meeting the specification requirements. The poor mixture response of the paraffinic components must be balanced by the inclusion of some aromatics, and similarly the low volatility of most synthetic blending agents by the addition of more volatile components. Overall, there is the problem of availability and maximum utilisation of refinery component products.
[bookmark: _Toc58169861]Avgas 100LL – the new grade
With the world trend starting in the US, commencing toward unleaded gasolines, the next development in aviation gasolines would be a ‘Low Lead’ version. This would be introduced in the United States in 1975; it would not come to Australia until the 1980’s. It was dyed blue, formerly blue aviation gasoline was Avgas 91/96 grade; however this 91/96 grade had been obsolete for at least a decade.
[bookmark: _Toc58169862]Avgas Specifications & Test Methods 1970’s
British Aviation Gasoline Specification[endnoteRef:23] [23:  : Modern Petroleum Technology 4th. Edition G D Hobson& W Pohl – Applied Science Publishers Ltd for Institute of Petroleum 1973 ISBN: 085334 487 6, Chapter 14 “Aviation Fuels” by R.A.Vere] 

The reliance on the British technical standards for aviation products continued through this period. This was the United Kingdom Specification D.Eng.R.D. 2485 (Director of Engine Research and Development) with various amendments – this applied to all grades of aviation gasoline. 
Table 2. Specification: (D.Eng.R.D. 2485)
	Grade Designation
	73
	80
	91/96
	100/130
	115/145

	Appearance
	Visually clear, bright and free from solid matter and undissolved water at normal ambient temperatures.

	Colour
	Colourless
	Colourless
	Blue
	Green
	Purple

	Sulfur (wt.%) Max.
	0.05
	0.05
	0.05
	0.05
	005

	Aromatics (vol.%) Min.
	-
	-
	-
	-
	5.0

	Distillation: Initial Boiling Point
Temp 10% Rec. (deg. C) Min @
Temp 40% Rec. (deg. C) Max @ 
Temp 50% Rec. (deg. C) Min @
Temp 90% Rec. (deg. C) Min @
End Point (deg. C)
Sum 10% & 50% Evap. Temp Min.
Residue (vol.%) Max
Distillation loss (vol.%) Max
	Report
75
75
105
135
170
135
1.5
1.5
	Report
75
75
105
135
170
135
1.5
1.5
	Report
75
75
105
135
170
135
1.5
1.5
	Report
75
75
105
135
170
135
1.5
1.5
	Report
75
75
105
135
170
135
1.5
1.5

	Specific Gravity 60o/60oF
	Report
	Report
	Report
	Report
	Report

	Reid Vapour Pressure (@ 37.8 deg. C) psi
	5.5-7.0
	5.5-7.0
	5.5-7.0
	5.5-7.0
	5.5-7.0

	Freezing Point (deg. C) Max
	-60
	-60
	-60
	-60
	-60

	Net Heat of Combustion (BTU/lb.), or
Aniline-Gravity Product   Min.
	18,700
7,500
	18,700
7,500
	18,700
7,500
	18,700
7,500
	18,900
9,000

	Knock Rating, Lean mixture Motor Method Min., or
Knock Rating, Lean mixture Aviation Method Min, or
Extended Motor Method
	73 ON
-
-
	80 ON
-
-
	90 ON
91 ON
-
	99 ON
100 ON
-
	-
115 PN
116 PN

	Knock Rating, Rich mixture Supercharge Rating Min.
	-
	-
	96 ON
	130 PN
	145 PN

	Copper Strip Corrosion (2 hrs @100 deg. C) Max.
	1
	1
	1
	1
	1

	Potential Gum (16 hr aging mg/100 ml) Max.
Precipitate (mg/100ml) Max.
	6.0
2.0
	6.0
2.0
	6.0
2.0
	6.0
2.0
	6.0
2.0

	Existent Gum (mg/100 ml) Max.
	3.0
	3.0
	3.0
	3.0
	3.0

	Water Reaction Interface Rating Max.
Volume Change (ml) Max.
	2
2
	2
2
	2
2
	2
2
	2
2

	
	Sharp separation, no emulsion or precipitate within or upon either layer

	Tetra Ethyl Lead Content ml/Imp. Gallon Max.
(ml/litre) Max.  
	Nil
	Nil
	5.52
(1.22)
	5.52
(1.22)
	5.52
(1.22)


Grade 73	A non-leaded aviation gasoline for light aircraft.
Grade 80	An aviation gasoline for light aircraft containing a maximum TEL content of 0.5 ml/US gal. (this is then dyed Red). To meet the British specification D.Eng.R.D. 2485 this fuel must be without TEL.
Grade 91/96	A leaded gasoline containing up to 20% catalytic light ends for use in medium powered aircraft.
Grade 100/130	A leaded blended gasoline for medium range transports and military aircraft.
Grade 115/145	A leaded high performance blended gasoline for long range and high powered military aircraft.
In 1973 the comment was made - Plans are in hand to reduce the aviation gasoline grades to two, a 100/130 grade with 2 ml./US gal TEL minimum and the existing 115/145 grade.
It would not be long before Grade 73 and Grade 91/96 became obsolete.
Aircraft Refuelling
Refuelling had also advanced greatly with both on the ground and particularly inflight refuelling. On the ground dual fuel delivery arms were in service to increase the turnaround time of military aircraft. In the air, inflight refuelling for military aircraft was the norm for long range missions. The bomber types such as Boeing B-50 and cargo types such as Lockheed C-130’s were converted into inflight tanker refuelling aircraft such as the Boeing KC-135 Stratotanker (based on the Boeing 707 jet airliner) and Lockheed KC-130. 


Photo 29. RAAF Gloster Meteor refuelling with jet fuel – note dual refuel arms (1961)[endnoteRef:24] [24:  Gloster Meteor F 8, serial A77-510, formerly RAF WE905, 5 October 1961. The aircraft was later converted to a U.21 target drone, to be destroyed by a missile at Woomera, SA, in November 1968. Photo; National Archives of Australia, DSTO negative index N61, Neg. 2965] 

[image: meteor_A77-510 REFUEL]
Gloster Meteor F 8, serial A77-510, formerly RAF WE905, 5 October 1961. The aircraft was later converted to a U.21 target drone, to be destroyed by a missile at Woomera, SA, in November 1968. 
[bookmark: _Toc58169863]Petroleum Laboratories[endnoteRef:25] [25:  R.A.F. Manual of Fuels & Lubricants - Air Publication 3160 Vol. 2 Sect. C. Leaflet 3 (Revised 1962)] 

From the earliest days of aviation gasoline there was always a need to test the fuel to ensure that it met the correct grade and specification required by the customer. 
The following is a list of laboratories (prepared by the RAF around February 1969), which contained details of petroleum laboratories throughout the world including the facilities available to test fuels (avgas and jet fuel) and lubricants in use by the RAF at this time. The listing is interesting because it can be deduced which laboratories were equipped with supercharge test engines F4 (Rich mixture knock rating), and those with only Motor Octane engines (MON) or F3 (Lean mixture knock rating). F4 Engines are only used to test aviation gasoline, while MON engines are used for both aviation gasoline and motor gasoline.
To provide some historical context, at this time RAF units were based in Germany, and the Middle East. Some of the oil company facilities (particularly refineries) had been nationalized. The Dutch East Indies were now Indonesia.
Samples from RAF Units
Samples from RAF units were normally sent only to the laboratories operated or supervised by AIS or DCI. The areas covered by each of these laboratories are given in the listing. [DCI was the U.K. Directorate of Chemical Inspections]. [AIS is thought to be similar organisation under the British Air Ministry].
AIS Approved Laboratories
Certain of the oil company laboratories were approved by AIS and these are listed below. RAF samples were not to be sent to these laboratories unless the payment of laboratory charges was within the unit’s power and authority had been received from command headquarters.
Many other petroleum laboratories existed of course throughout the world. From the RAF perspective they were not to be used except in an emergency. A list of such laboratories is also included.
Facilities Available
The facilities available at each laboratory were classified into four groups. Laboratories with full test facilities including F3 (MON) Test Engine and F4 (Supercharge Engine) were usually limited to refineries or research laboratories – Class 1. The laboratories around the world were required to test a wide range of aviation petroleum products which included both fuels and lubricants.
Class 1.	Full tests on all aviation petroleum products. [F3 & F4 knock engines]
Class 2.	Full tests on all aviation petroleum products, except rich mixture knock ratings [F4] of gasolines. [F3 (MON) knock engine only]
Class 3.	Full tests on all aviation petroleum products, except engine testing of gasolines. [No knock engines F3 or F4]
Class 4.	Short tests on commoner aviation petroleum products.
Table 3. Laboratories operated by AIS or the [British] Army.
	Location
	Full address
	Facilities available
	Remarks
	Areas covered

	Germany (Moenchen Gladbach)
	(1) Chemist-in-Charge, HQ4 Petroleum Laboratory, RAOC BFPO 40
	Class 3
	Cannot test thermal stability or WSIM rating of aviation turbine fuels
	All Europe except Italy, Greece, Malta, Gibraltar and the UK

	Germany (Nienburg)
	(2) Officer Commanding, No.4 Petroleum Depot, Petroleum Laboratory, RAOC BFPO 33
	Class 2
	Cannot test thermal stability or WSIM rating of aviation turbine fuels
MON Engine
	All Europe except Italy, Greece, Malta, Gibraltar and the UK


Table 4. Laboratories operated by DCI.
	Location
	Full address
	Facilities available
	Remarks
	Areas covered

	UK
	(1) Chemist-in-Charge, Chemical Inspectorate, Harefield House, Harefield, Middlesex (nearest railway station Denham)
	Class 1
	F4 Engine, 
MON Engine
	UK, Gibraltar, West Africa, Caribbean, Azores, North America

	UK
	(2) Chemist-in-Charge, Chemical Inspectorate, Swynnerton, Stone Staffs
	Class 3
	Cannot test thermal stability or WSIM rating of aviation turbine fuels
MON Engine
	UK

	UK
	(3) Chemist-in-Charge, Chemical Inspectorate, Royal Ordnance Factory, Bishopton, Renfrewshire
	Testing of AVPIN only
	-

	UK



WSIM is the Water Separation Index Modified test. [The water reaction test is most commonly, specified for commercial Jet A as a means to control materials readily extractable by water or having a tendency to absorb water such as surfactants. The test consists of two parts – a separation rating, and an interface rating].

Oil Company Laboratories
Many of the oil company laboratories were part of a refinery operation which had been established many years earlier. Indeed, some of these facilities had been producing aviation gasolines since the World War I, and many were developed during the 1920’s. Many of the locations are familiar names in the petroleum refining part of the Aviation Gasoline story, places such Abadan, Pladjoe, Balik Papan, Bahrein, Curaçao, etc. Even so, the vast expansion in jet fuel usage (1969) is reflected in the specific testing approvals at some locations. 
It should also be recognised that there is naturally a reliance on those oil companies that had long established British – RAF connections, companies such as Shell. Further, this list was prepared by the RAF and so it was only interested in its own area of operation, not those of other nations.
The following table lists the oil company laboratories which were approved by AIS, and classified accordingly.
Table 5. Oil Companies approved by AIS.
	Location
	Full address
	Facilities available
	Remarks

	Iran
	Iranian Oil Refining Co. NV, Abadan
	Class 1*
	F4 Engine, MON Engine * Less full specification tests on lubricants

	Nigeria
	Shell Co. (Nigeria) Ltd., Apapa, Lagos
	Class 2
	-

	Indonesia
	(1) BPM Refinery, Pladjoe, Sumatra
	Class 1
	F4 Engine, MON Engine

	
	(2) Standard Vacuum Co. Ltd., Sungei Gerong, Sumatra
	Class 1
	F4 Engine, MON Engine

	
	(3) PT Shell Indonesia, Balik Papan, Kalimantan, Timor 
	Class 2**
	MON Engine ** Less full specification tests on lubricants

	Malaysia
	(1) Shell Co. of Singapore Ltd., Palau Bokum, Singapore
	Class 1*
	F4 Engine, MON Engine * Less full specification tests on lubricants

	
	(2) Shell Refining Co. (Federation of Malaya) Ltd., Port Dickson, Malaya
	
	Approved for the full testing of AVTUR [Jet fuel] only

	
	(3) Shell Malaysia Ltd., Woodlands Installation, Woodlands, Singapore
	
	Approved for the testing of aviation lubricating oils, less engine, rig and wear tests

	Bahrein
	BAPCO Ltd., Awaii
	Class 1
	F4 Engine, MON Engine [This is probably the former Bahrein Refinery]

	Aden
	BP Refinery (Aden) Ltd., Little Aden
	Class 2
	MON Engine

	Kenya
	(1) Kenya Shell Ltd., Shimanzi Laboratory, P.O. Box 250, Mombasa 
	Class 3
	Less thermal stability and WSIM rating of aviation turbine fuels.

	
	(2) East African Oil Refineries Oil Ltd, Changamwe, P.O. Box 1169, Mombasa
	Class 2
	Approved for the full testing of aviation fuels, less rich mixture engine ratings on gasolines. MON Engine

	Kuwait
	Kuwait Oil Co. Ltd., El Mina Refinery
	Class 2
	Approved for the full testing of aviation fuels, less rich mixture engine ratings on gasolines. MON Engine

	Hong Kong
	Shell Co. of Hong Kong Ltd., Kun Ting Installation
	Class 3
	

	India
	Burmah Shell Co. Ltd., Sewree, Bombay
	Class 2
	MON Engine

	Netherlands
	Shell Nederland, Pernis, Postbus 69, ‘s-Gravenhage
	Class 1
	F4 Engine, MON Engine

	Germany
	(1) Deutsche Shell AG, Hamburg
	Class 2
	

	
	(2) BP Benzin & Petroleum AG, Hamburg
	Class 2
	

	
	(3) BV Aral AG, Bochum
	Class 1
	F4 Engine, MON Engine

	Belgium
	SIBP Refinery, Antwerp 
	Class 2
	MON Engine



Other Laboratory Facilities
There were also other laboratory facilities available, however these were to be used only in the case of an emergency, and they were also classified accordingly. Again, there was a preference for Shell companies – an internationally renowned company with an established reputation for quality aviation products. Perhaps a cautionary note should be made for those locations listed as ‘available through’, since the test equipment may be utilized at another facility, refer to the comments below.
Table 6. Oil Companies Facilities for emergency use.
	Location
	Full address
	Facilities available
	Remarks

	France
	SFBP Refinery, Dunkirk 
	Class 2
	MON Engine

	West Indies
	(1) United British Oilfields of Trinidad Ltd., Point Forten, Trinidad
	Class 1
	F4 Engine, MON Engine

	
	(2) Trinidad Leaseholds Ltd., Refinery Laboratory, Point á Pierre, Trinidad
	Class 1
	F4 Engine, MON Engine

	
	(3) Curacaosche Petroleum Inc., Emmastad, Curaçao, NWI 
	Class 1
	F4 Engine, MON Engine

	Burma
	The People’s Oil Industry Ltd., Syriam Refinery, Rangoon
	Class 3
	

	Pakistan
	Available through: Burmah-Shell Oil Storage & Distributing Co. of Pakistan Ltd., McLeod Road, Karachi
	Class 2
	[MON Engine]

	Japan
	Available through: Shell Sekiyu KK, Tokyo
	Class 4
	

	Philippines
	Available through: Shell Co. (Philippines) Ltd., Juan Luna St., Manila
	Class 4
	

	New Zealand
	Available through: Shell Co. of New Zealand Ltd., AMP Building, Customs House Quay, Wellington
	Class 2
	[MON Engine]

	Australia
	Available through: Shell Co. of Australia Ltd., Shell Corner, 163 William St. Melbourne C1, Vic.
Laboratories situated at: Newport, Victoria
Sydney
Adelaide
Brisbane
Perth
	



Class 1
Class 2
Class 4
Class 4
	



[F4 Engine, MON Engine] (See Note 1.)
[MON Engine]

	Greece
	Shell Co. (Hellas) Ltd., 2B America Street, Athens
	Class 3
	

	Belgium
	Available through: Belgium Shell Co. Ltd, 47 Cantersteen, Brussels. Laboratory situated at: Ghent
	
Class 4
	


Note 1. On a personal note; the author was a trainee chemist at Shell Newport Laboratory 1965-66; at that time there was only a Research Octane engine there. The only F4 engine available was at PRA (Mobil) Altona Refinery located at Altona, Victoria.
Australian Situation
Similar arrangements were in place in Australia for the Royal Australian Air Force (RAAF). The oil company laboratories in Australia were approved/authorised by Department of Quality Assurance (DQA) (on behalf of the RAAF) and required the laboratory to be approved by the (Australian) National Association of Testing Authorities (NATA). NATA approved the laboratories and also approved those persons authorised to sign laboratory test reports. [The author was a NATA test signatory for aviation fuels at Petroleum Refineries Australia, Altona Refinery Laboratory from 1967-70, and again 1976-79 when he was Chief Chemist at Altona Refinery Laboratory].
Photo 30. USAF North American T-28 Trojan showing the radial piston engines – Petroch Services 
[image: sh20]
[bookmark: _Toc58169864]Oil Companies and Refineries
The Iranian situation in 1951 resulted in a shift in philosophy of refinery location – while crude oil could be obtained from around the world, the threat to supply of finished petroleum products from refineries made it desirable to locate the refinery is a region where governments were stable, and ship the crude oil away from trouble spots. This philosophy continued well into the 1960’s and 1970’s in Australia, the Far East and Western Europe. 
There was a trend in refinery construction to build small, cheap, compact refineries which were termed ‘once-through’ refineries with minimal intermediate tankage – crude oil in, finished product out. These refineries consisted of a crude splitter unit of approximately 50-70,000 barrels per day, wide cut Catalytic Hydrodesulphurizing Unit (CHD) to remove sulphur from all products except fuel oil, one fractionator to produce gasoline/naphtha, kerosene (jet fuel), automotive diesel, with one catalytic reformer to improve the octane of the straight run naphtha. Ancillary units and services would include waste water treatment, boilers, power generation, and other distillation units to produce solvent products from the naphthas. These units did not have a catalytic cracker or alkylation units. They were cheap to build, and quick to construct – but they could not make aviation gasoline. In Australia, Petroleum Refineries Australia (Mobil/Esso) built the Stanvac Refinery at Adelaide in South Australia; BP built a similar refinery at Westernport, Victoria. 
The next step up was a larger refinery configuration with the usual crude units, catalytic cracker, alkylation unit and catalytic reformer, with CHD unit and ancillary treatment plants. Refineries constructed in Australia to this design were Amoco (later BP) Bulwer Island Refinery, and AMPOL Refinery in Brisbane, Queensland. 
The rationale for the refinery configuration depended on the local petroleum needs and regional export market. So, if the local demand was high then large refineries would be built. Large refineries were constructed in the Singapore region by American oil companies Mobil and Esso. In the last decades of the 20th century, many of the major oil companies would merge into larger, but fewer conglomerates.
Socony-Vacuum soon to become Mobil Oil operated the following refineries in 1978. By the end of the 20th century several had been shut down or sold off.
Table 7. Mobil Refineries in 1978
	Location
	Crude Capacity MBSD
	Cracker Type/Capacity BSD
	Alkylation Type/Capacity BSD
	

	Torrance, California, U.S.A. 
	123.5
	FCC (UOP), Cap. 60,000
	HF (UOP),   Cap. 10,500
	Made avgas, sold 2016

	Joliet, Illinois, U.S.A.
	175
	FCC (UOP), Cap. 98,000
	HF (Phillips), Cap. 18,000 
	Built 1970’s

	Augusta, Kansas, U.S.A.
	50
	TCC (Type 20-95), Cap 21,000
	HF (Phillips), Cap. 3,800
	Sold 1983 

	Paulsboro, New Jersey, U.S.A.
	98
	FCC (UOP), Cap. 30,000
	HF (Phillips), Cap. 2,300
	Sold 2010

	Beaumont, Texas, U.S.A.
	335
	TCC (Type 25-290), Cap. 20,000
FCC (UOP), Cap. 98,000
	Stratco H2SO4, Cap 13,600 
	

	Ferndale, Washington, U.S.A.
	71.5
	TCC (Type 25-130), Cap. 22,000
	HF (Phillips), Cap. 5,400
	Sold to BP

	Durban, South Africa 
	116.5
	
	HF (Phillips), Cap. 2,600
	Sold

	Adelaide, Australia
	75
	None
	None
	Closed 2004

	Altona, Australia
	100
	TCC (Type 20-95), Cap. 25,000
	H2SO4 (Kellogg), Cap. 2,200
	Ceased avgas 2000

	Jurong, Singapore
	189
	
	
	

	Frontignan, France
	120
	
	
	Closed 1986

	Gravenchon, France
	72.5
	
	
	Closed

	Wilhelmshaven, Germany
	160
	
	
	Sold 2006

	Wöerth, Germany
	73
	FCC (UOP), Cap. 16,000
	None
	Closed

	Naples, Italy
	130
	
	
	Sold 2018

	Coryton, U.K.
	175
	TCC (Type 13-77), Cap. 21,000
FCC (UOP), Cap 38,000
	HF (Phillips), Cap. 13,000
	Sold to BP


Note: The author visited the following Mobil refineries at Torrance California, Joliet Illinois, Augusta, Kansas, Paulsboro New Jersey, Adelaide Australia, Altona Australia, Jurong Singapore, Wöerth Germany, Coryton U.K.
Changes in Direction for Oil Industry
There were two significant developments which would impact on the oil industry throughout, but particularly in the United States. These would become part of every business and enter the oil industry lexicon – these were ‘Energy Conservation’ as a result of the 1974 Oil Crisis, and awareness of the damage that was taking place to the ‘Environment’.  
In 1973-74 there was a significant world event with the OPEC restriction on oil exports- the days of cheap oil were over and efficiencies of larger new refineries were now important. Oil companies had become world-wide integrated energy businesses. 
Concerns for the environment and in particular the effect of lead, resulted in the push to ‘unleaded gasolines’ in 1974. It would not be until 1984 that unleaded gasoline was introduced into Australia. By the Commonwealth Government phased out leaded petrol in Australia as of 1 January 2002 and leaded automotive gasoline would be become part of history. However, aviation gasoline continued to contain alkyl lead.
1978 Oil Production
Since the birth of the U.S. Oil industry in 1859, oil companies had expanded and developed their facilities to meet the demands of a modern industrialized society. In 1859 total U.S. crude oil production was 2,000 barrels, by 1978 it was 3.2 billion barrels. The total world production was 22 billion barrels and the United States had slipped to third in crude oil production. 
Table 8. Crude Oil Production 1978[endnoteRef:26]   [26:  American Petroleum Institute Facts About Oil circa 1980.] 

	Country
	Oil production – million barrels

	Soviet Russia
	4,100

	Saudi Arabia
	(Ranked second)

	United States
	3,180

	Iran
	1,900

	Iraq
	1,000


In US there were 311 refineries operated by 140 companies with capacities ranging from as small as 190 BSD to the large refineries of 500,000 BSD.
While commercial aviation had converted to jet aircraft, in the US, there was still a demand for aviation gasoline for small aircraft operators such as farmers for crop dusting and spraying. In 1978 the US market for avgas was still 594,000,000 US Gallons (2.25 billion litres, or 14 million barrels). 
In the US the demand for jet fuel in 1959 was 105 million barrels (4.4 billion US gallons), by 1978 it was 314 million barrels (13.2 billion US gallons).  
[bookmark: _Toc58169865]Airspeed records - Jet Power rules!
The advances in jet military aircraft both in speed and performance resulted in the domination of air speed records almost as an incidental event. These jet- powered (turbojet and turbo-ramjet) aircraft were designed for special purpose applications and operating on purpose designed jet fuels such as JP-7 and the like - aircraft such as the Lockheed SR-71A ‘Blackbird’ high altitude reconnaissance aircraft which reached over 3,500 Km/hr (2,193 mph), or as aircraft speed was now quoted ‘Mach 2.96’, nearly three times the speed of sound. 
The days of aircraft specifically designed to tackle the air speed records were long gone. Indeed, man (and woman) would fly considerable faster in a craft that far exceeded the fastest jet aircraft – the spacecraft, for by now the ‘Space Age’ had arrived and there was the mission to be the first to land on the Moon.  
Table 9. Air Speed Records[endnoteRef:27] [27:  http://www.speedrecordclub.com/records/outair.htm Website accessed Dec 30, 2003] 

	Date
	Location
	Pilot
	Aircraft
	Achieved Km/hr

	22 Nov 1961
	Edwards Air Force Base USA
	Robert B Robinson
	McDonnell F4H-1F Phantom II 
	2,585.41

	7 Jul 1962
	Podmoskownoe, USSR
	Georgii Mossolov
	Mikoyan E-166 
	2,680.99

	May 1965
	Edwards Air Force Base USA
	Robert L Stephens & Daniel Andre
	Lockheed YF-12A 
	3,331.503

	8 Jul 1976
	Edwards Air Force Base USA
	Eldon W Joersz & George T Morgan Jr.
	Lockheed SR-71A ‘Blackbird’
	3,529.549


Photo 31. Lockheed SR-71A ‘Blackbird’ in flight’
[image: ]


But even achieving the world speed record did not save the fastest aircraft from being assigned to the scrap heap when the next advance in technology replaced them – spy satellites. If they were lucky, they became museum gate guardians and put on display. Fortunately, some of their predecessors would be saved for aerospace museums. 
Photo 32. Lockheed SR-71 ‘Blackbird’ – ‘gate guardian’ at San Diego Aerospace Museum (1998- Petroch Services) 
[image: ]
[bookmark: _Toc58169866]Epilogue for 1979
At the start of 1960 there was still a need of aviation gasoline as the military aircraft destined for scrap heap found one more significant war to fight - in Vietnam, or became the air power of smaller countries, who built their air forces on surplus Allied WWII aircraft and engaged in their own battles. But by the end of the 70’s the jet aircraft dominated the skies in nearly every mode of air operation – military service, civil operations. The only market, which would survive the onslaught of jet power, would be the light aircraft operations and obsolete warbirds; and this continues today.
However, there was still one more development to come in the Aviation Gasoline story.
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