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[bookmark: _Toc54362278]Summary
The American petroleum industry gets organised.
The ability of the United States to harness its industrial might was evident in all aspects of Second World War materiel and supply. The U.S. Government administration and industry formed a number of committees and other agencies to coordinate its war efforts. One such group was the Petroleum Administration for War, and it was quickly realized that aviation gasoline would be a vital, if not the most important petroleum product. If the United States was to become the “arsenal of the fight for freedom”, then the work of the Petroleum Administration for War would also have to incorporate the activities of all the Allies. This is the story of PAW and how it supplied aviation gasoline to the Allies around the world.  
Chronology
The following chronology lists those events which would impact on the demand for petroleum products from U.S. Petroleum Administration for War (PAW).
1941
March 11 - Congress passes Lend-Lease Act. 
March 24 - Axis forces launch offensive in North Africa 
April 13 - Japan and the U.S.S.R. sign neutrality pact. 
May 27 - Roosevelt proclaims unlimited national emergency. 
June 22 - Germany, Italy, and Romania declare war on the U.S.S.R. - Hitler invades the U.S.S.R. 
July 23 - Japan occupies southern Indochina. 
July 25 - Japanese assets in the United States are frozen. 
Aug. 14 - Roosevelt and Churchill issue Atlantic Charter. 
Dec. 7 - Japanese carrier aircraft attack United States naval base at Pearl Harbor, Hawaii, and nearby Army air bases; Japanese destroyers bombard Midway Island. The attack was planned by Admiral Isoroku Yamamoto.
Dec. 8 - Japan declares war on the United States and Great Britain; the United States and Great Britain declare war on Japan. Japanese planes raid American air bases in Philippines; Japanese invade Thailand and Malaya; seize Shanghai International Settlement; attack mainland territories of Hong Kong; bombard Wake Island and Guam. 
Dec. 10 - Japanese seize Guam and begin landings on Luzon, Philippines; British warships HMS Repulse and HMS Prince of Wales are sunk off Malaya. 
Dec. 11 - Germany and Italy declare war on the United States, which then declares war on them. 
Dec. 16-20 - Japanese invade British Borneo, Burma, Hong Kong Island. Japanese land near Davao, Mindanao, Philippines. 
Dec. 22 - Japanese make major landing at Lingayen Gulf, Luzon, Philippines; Chiang Kai-shek offers Chinese troops for defence of Burma; first American troops reach Australia. 
1942
Jan. 7 - American and Philippine forces complete withdrawal into Bataan Peninsula. 
Jan. 11 - Japanese begin invasion of Netherlands East Indies. 
Jan. 24 - United States destroyers raid Japanese shipping off Balikpapan, Borneo (Battle of Makassar Strait). 
Feb. 14 - Japanese paratroopers seize Palembang area, Sumatra. 
Feb. 15 - Singapore surrenders unconditionally. 
Feb. 19 - Darwin, Australia, is badly damaged by massive Japanese air attacks. 
April 18 - MacArthur assumes command of Southwest Pacific area. Lt. Col. James H. Doolittle leads B-25 Mitchell bomber air raid on Tokyo from US aircraft carrier USS Hornet (CV-8). 
Photo 3. B-25 Mitchell bombers on the flight deck of USS Hornet ready for the Doolittle raid on Tokyo[endnoteRef:1]. [1:  Public Domain, https://commons.wikimedia.org/w/index.php?curid=42760] 

[image: ]
May 6 - Lt. Gen. Jonathan M. Wainwright surrenders all forces in Philippines unconditionally. 
May 7 - Battle of the Coral Sea begins (ends May 8).
June 3 - American aircraft from Midway Island locate main Japanese fleet June 4 - Japanese are decisively defeated in Battle of Midway (pursuit continues into June 6). The first naval battle where the opposing ships did not see one another – it was fought with carrier-based aircraft. 
July 4 - American crews participate in Royal Air Force raid on airfields in the Netherlands, in the first United States air operation in Europe. 
Aug. 7 - United States Marines begin landing on Guadalcanal, Solomon Islands. 
Aug. 24 - United States carrier task force defeats Japanese in Battle of the Eastern Solomons. 
Oct. 11-14 - United States naval task force defeats Japanese off Guadalcanal (Battle of Cape Esperance). United States Army units land on Guadalcanal. Henderson Field, Guadalcanal, is temporarily rendered unusable by Japanese bombardment; Japanese mass for attack on American beachhead. 
1943
Jan. 27 - United States Eighth Air Force bombs Wilhelmshaven in its first attack on Germany. 
April 18 - Admiral Isoroku Yamamoto is killed when his Japanese ‘Betty’ Mitsubishi G4M bomber is shot down over Solomon Islands by the USAAF P-38 Lockheed Lightnings. 
June 22 - United States Eighth Air Force makes its first large-scale daylight raid on the Ruhr Valley area. 
July 22 - United States Seventh Army takes Palermo, Sicily; Soviet offensive spreads across entire front. 
July 24 - United States Eighth Air Force makes its first raid on Norway. 
Aug. 1 - Mass, low-level American air raid is made on the oil refineries of Ploësti, Romania. 
Aug. 17 - American and British forces converge at Messina, Sicily; United States Eighth Air Force raids Schweinfurt and Regensburg; Royal Air Force attacks German V-weapons experimental centre at Peenemunde. 
Sept. 8 - Italian armistice is announced; Italian Fleet and aircraft surrender to Allies. 
Oct. 12 - United States Army Air Force begins heavy air attacks on Rabaul, New Britain. 
Oct. 14 - United States Eighth Air Force raids Schweinfurt ball-bearing plants. 
Dec. 24 - United States Eighth Air Force makes major effort against German secret weapon sites.
Dec. 24 - Bougainville beachhead, containing new airfields, is secured. 
1944
 Jan. 16 - Eisenhower assumes post as supreme commander of Allied Expeditionary Force. 
 Jan. 22 - Allies begin landing at Anzio, Italy; Germans halt Russians around Vitebsk, though Russians continue gains elsewhere. 
Feb. 3 - German counteroffensive against Anzio beachhead begins during night; Allies on main Italian battlefront stall in front of Cassino. 
Feb. 18 - United States naval task forces complete neutralization of Japanese base at Truk; Americans begin landing on Eniwetok, Marshall Islands (atoll is secured by Feb. 23). 
Feb. 24 - United States 5307th Composite Unit (Merrill's Marauders) begins raid aimed at Myitkyina airfield. 
March 4 - German forces around Anzio beachhead go over to the defensive; first American air raid is made on Berlin. 
March 30 - Royal Air Force bombing raid on Nurnberg suffers extremely heavy losses. 
April 17 - Japanese launch offensive in Honan, China, directed at United States B-29 bases. 
May 9 - Russians recapture Sevastopol; United States Eighth Air Force begins attacks on German airfields in northern France. 
May 12 - United States Eighth Air Force attacks oil plants in central Germany. 
May 17 - Allied operations are commenced against Wakde Islands off Netherlands New Guinea coast; Marauders capture Myitkyina airfield. 
May 21 - Allied fighter aircraft begin operations against enemy railroads in France and Germany. 
May 30 - Loading of Allied assault forces for Operation Overlord is begun. 
June 2 - United States Fifteenth Air Force begins shuttle bombing between Italian and Soviet bases. 
June 6 - Operation Overlord begins; Allies land on coast of Normandy. 
June 15 - United States Marines invade Saipan, Mariana Islands. 
June 19 - Japanese Fleet is badly defeated by United States carrier aviation in Battle of the Philippine Sea ("Marianas Turkey Shoot; battle ends June 20). 
July 9 - Saipan is secured. 
July 21 - Americans land on Guam. 
July 24 - Americans land on Tinian, Mariana Islands. 
Aug. 7 - United States Third Army reaches Brest; Germans launch major counterattack near Mortain; Soviet offensive is generally checked. 
Aug. 15 - United States Seventh Army lands in southern France (Operation Dragoon). 
Aug. 23 - Romania surrenders unconditionally. 
Aug. 29 - Japanese continue successful offensive against American Honan air bases. 
Sept. 1 - Gasoline shortage halts United States Third Army; Germans begin withdrawal from Greek mainland and adjacent islands. 
Sept. 13 - Shuttle bombing between Western and Soviet bases is discontinued. 
Sept. 15 - Americans land on Morotai Island and Palau Islands. 
Sept. 17 - Operation Market-Garden is launched. 
Sept. 26 - Germans overrun last British units in Arnhem area, ending decisive phase of Operation Market-Garden. 
Oct. 10 - United States Third Fleet carrier task force raids Okinawa. 
Oct. 13 - United States Third Fleet begins raids on Taiwan. 
Oct. 23 - Battle for Leyte Gulf begins between United States and Japanese fleets (ends Oct. 26 with Japanese defeat). 
Nov. 16 - United States First and Ninth armies begin attempt to clear area between Wurm and Roer rivers (Operation Queen). 
Nov. 24 - B-29's make first raid on Tokyo from bases in Mariana Islands. 
Dec. 15 - Americans invade Mindoro, Philippines
Dec. 16 - Germans open major counteroffensive against United States Twelfth Army Group in Ardennes area. 
Dec. 30 - Allied forces begin counterattacks in the Ardennes. 
1945
Jan. 1 - Last major German air raid is made against Allied airfields. 
Jan. 2 - United States convoys begin moving toward Luzon, Philippines. 
Jan. 9 - United States Sixth Army begins landing at Lingayen Gulf, Luzon. 
Feb. 4 - Allied forces in Italy begin limited operations in preparation for spring offensive. 
Feb. 16 - Americans launch airborne-amphibious assault on Corregidor Island, Manila Bay (completed March 2); heavy preparatory naval-air bombardment of Iwo Jima, Volcano Islands, begins. 
Feb. 19 - United States Marines land on Iwo Jima. 
Feb. 25 - United States 21st Bomber Command makes first mass incendiary-bomb raid on Tokyo. 
March 18-19 - United States carrier aircraft attack Japanese air and naval bases in preparation for coming invasion of Okinawa. 
March 22 - United States Third Army makes assault crossing of Rhine at Oppenheim. 
March 23 - British Second Army crosses Rhine (Operation Plunder) in Rees-Wesel area. 
March 24 - United States Ninth Army attacks across Rhine in Dinslaken area; United States Third Army begins similar attack (completed March 25) at Boppard. 
April 1 - United States Tenth Army lands on Okinawa. 
April 11 - Japanese begin furious air offensive, using Kamikaze aircraft, against United States shipping off Okinawa. 
April 16 - Russians begin heavy offensive against Berlin. 
April 23 - Russians fight way into Berlin; United States Fifth Army begins assault crossing of Po River.
April 25 - United States First Army patrol makes contact with Russians near Torgau. 
April 29 - British Second Army begins advance from Elbe River to Baltic; United States Fifth Army enters Milan; German Southwest Army Group in Italy surrenders unconditionally. 
April 30 - United States Seventh Army occupies Munich. 
May 2 - British Second Army reaches Baltic, capturing Lubeck and Wismar; Russians mop up Berlin; fighting ends in Italy; New Zealand troops occupy Trieste. 
May 4 - Germans surrender forces in the Netherlands, north-western Germany, and Denmark (effective May 5); patrols of United States Fifth and Seventh armies meet near Brenner Pass. 
May 7 - German High Command surrenders all forces unconditionally at Reims; Russians finally capture Breslau. 
May 9 - European hostilities end officially at 12:01 am
July 1 - Australians and Dutch begin operations in Balikpapan area of Borneo. 
July 10 - United States Navy and Army aircraft begin a major offensive against Japan in preparation for planned invasion. 
July 16 - United States tests successful atomic bomb at Alamogordo, New Mexico. 
July 17 - British Pacific Fleet joins United States Third Fleet in attacks on Japan. 
Aug. 6 - Atomic bomb is dropped on Hiroshima. 
Aug. 8 - The USSR declares war on Japan (effective Aug. 9). 
Aug. 9 - Atomic bomb is dropped on Nagasaki; Russians invade Manchuria. 
Aug. 12 - Soviet troops enter northern Korea. 
Aug. 14 - Japan surrenders.
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[bookmark: _Toc54362279]The Oil Industry goes to WAR 
At the start of 1941 Europe, the Mediterranean and North Africa were in turmoil and by the end of 1941, the Pacific would also be a theatre of war. Aviation gasoline was in demand and fears were that there would not be sufficient to keep the British supplied in Europe, Africa and the Pacific. 
Rear Adm. Andrew F. Carter,[endnoteRef:2] one-time executive of the Army-Navy Petroleum Board, told an audience at the National War College on 6 February 1947 that the British calculated petroleum as 69.9 percent of total movement; the Americans, as 50 percent. [2:   Hist Rpt, Office of Petroleum Adviser, Opns Div, Hq, PGC, Mar 43-Jul 45. PGF 8-E. and Rear Adm. Andrew F. Carter, presentation at the National War College on 6 February 1947.] 

No matter how well fed, equipped, or officered, without oil and gasoline the modern army is a helpless monster, mired and marked for destruction. It has been calculated that between 40 and 50 percent of the total supply tonnage of a combat division's daily consumption is petroleum. Because of variables in the equation, there are no accurate criteria for estimating the ratio of oil used in the non-combat activities of an army to the total tonnages required to carry on such activities. Oil, the lifeblood of mechanized warfare, must flow by the oceanful.
To meet their world-wide requirements for petroleum products, the British and Americans virtually pooled their oil resources. The Soviet Union, possessor of large supplies within its own borders, characteristically remained aloof from the joint arrangements of the western Allies, refusing even to exchange information on oil.
The Oil Industry would play a major part in this war - and ever subsequent one thereafter.
[bookmark: _Toc54362280]New Work for API Project No. 6[endnoteRef:3] [3:  American Petroleum Institute 22nd.Annual Meeting San Francisco California November 3-7, 1941 Division – Refining. “Method For Analyzing The Gasoline Fraction Of Petroleum, With Preliminary Results On East Texas And Oklahoma Crudes”– API Research Project 6 by Frederick D. Rossini, et al. Sourced from API Library Washington D.C. U.S.A.] 

The work on this project focused mainly on the perfecting the laboratory analytical methods and not much was further progress was made on identifying the components of gasoline. However as part of the war research program API Project No. 6 was called upon by the Technical Advisory Committee of the Petroleum Industry War Council and the National Advisory Committee for Aeronautics, to determine the hydrocarbon components in a number of representative alkylates and hydrocodimers. This work was reported in 1946[endnoteRef:4], and is listed in other chapters. [4:  American Petroleum Institute 26th. Annual Meeting, Chicago Illinois November 11-14, 1946 Division of Refining. “Analysis of Alkylates and Hydrocodimers” – API Research Project 6 by Frederick D. Rossini, et al. Sourced from API Library Washington D.C. U.S.A.] 

[bookmark: _Toc54362281]Work of the Cooperative Fuel Research Committee[endnoteRef:5] [5:  American Petroleum Institute 22nd.Annual Meeting San Francisco California November 3-7, 1941 Group Session - Refining “Appendix ‘D’ Report of the Chairman of the Committee on Motor Fuel Research”. Sourced from API Library Washington D.C. U.S.A.] 

The CFR Committee formed only a decade earlier had achieved much in that time – the standardisation of Octane measurements with the Motor Octane Method for aviation gasolines. Now their work was continued through five divisions: Motor Fuels, Aviation Fuels, Automotive Diesel Fuels, Non-Petroleum, and Survey.
The Aviation Fuels Division (of the CFR Committee) had a number of active project groups dealing with such subjects as:
Determining the full-scale engine knock characteristics of representative fuels.
Developing laboratory knock test procedures and operating techniques.
Determining the effect of fuel volatility on engine performance, and work on vapour lock prevention in fuel systems.
Thorough study of the causes of corrosion in aircraft. (The fuel tank corrosion problem had brought under control by effective use of chemical coatings, fuel inhibitors and elimination of moisture).
It was noted that with the advance in the octane number of aviation gasoline that some grades could not be satisfactorily tested by the Motor Method. Consequently, a need suddenly arose for a temporary un-supercharged method which could be used for rating fuels above the range of the motor method. Such a temporary method was developed which gave ratings in approximate agreement with those obtained in aircraft engines. Despite this work, efforts were underway on the development of a supercharged method (F-4) which was expected to be required in the near future. (This was the start of the CFR Aviation Supercharge Method F-4 Method later to be known as CFR Method ASTM D-909 developed around 1942).
The Survey Division was charged with obtaining fuel and motor survey data for the use of the petroleum and automotive industries. Their aviation projects included an attempt to simplify and reduce the number of aviation specifications – this work was hindered by the lack of information on the influence of fuel volatility on engine performance, consequently the volatility project was commenced.
[bookmark: _Toc54362282]The American Oil Industry Gets Organized - PAW
With the bombing of the U.S. Naval Base at Pearl Harbour by the Imperial Japanese Navy, America was drawn into the Second World War. This event saw the U.S. Government administration and industry form a number of committees and other agencies to coordinate its war efforts. One such group was the Petroleum Administration for War, and it was quickly realized that Aviation Gasoline would be a vital, if not the most important petroleum product. 
A detailed account of the U.S. Petroleum Administration can be found in the publication “A History of The Petroleum Administration for War 1941-1945” United States Government Printing Office Washington 1946 prepared by John W. Frey and H. Chandler Ide. 
Petroleum Administration for War[endnoteRef:6] [6:  “A History of The Petroleum Administration for War 1941-1945” United States Government Printing Office Washington 1946 prepared by John W Frey and H Chandler Ide. Sourced from API Library Washington D.C. U.S.A.] 

Before the Pearl Harbour attack, much pre-planning work had been undertaken under the guidance of the Office of the Petroleum Coordinator for National Defense. These preparations will be discussed later. 
The Petroleum Administration for War was established as an independent agency by Executive Order 9276, on December 2, 1942. Its predecessor agencies were the Office of the Petroleum Coordinator for National Defense (1941-42) and Office of the Petroleum Coordinator for War (1942). It was abolished: effective May 8, 1946, by Executive Order 9718, May 3, 1946, to be succeeded by the Oil and Gas Division, Department of the Interior.[endnoteRef:7] [7:  NARA Web site: Accessed: 12 August 2003. http://www.archives.gov/research_room/federal_records_guide/petroleum_administration_for_war_rg253.html Records of the Petroleum Administration for War [PAW] (Record Group 253) 1935-48 (bulk 1941-46)] 

The Petroleum Administration for War was led by the able and experienced U.S. Secretary of the Interior - Harold LeClair Ickes as its Coordinator. Under Roosevelt’s ‘New Deal’ in the 1930’s, Ickes was responsible for many of the major construction activities of the Public Works Administration in that period. His equally able Deputy Coordinator was Ralph K. Davies who was the Vice President of Standard Oil Company of California (later SOCAL, then Chevron). 
The function of PAW was to: 
Exercise oversight responsibility for the activities of the wartime petroleum industry, including conservation, research and development, resource allocation, and shipment. 
The Petroleum Administration for War, or PAW as it became known was organized in three layers
National Office whose role was to determine national objectives, policies and programs. Exercise general direction and control over their accomplishments.
District Offices whose role was to administer national policies and programs within the district, functioning as primary point of contact with the industry.
District Industry Committees whose role was to mobilize the resources of the industry within the district to meet the essential petroleum requirements of the nations at war in accordance with such national policies and programs. 
For administrative purposes the oil agency divided the United States into five districts:
Figure 1. U.S. Petroleum Administration Districts 1942.
[image: ]
The distribution of States among the five districts was as follows:
District 1. (East Coast) - Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New York, New Jersey, Pennsylvania, Delaware, Maryland, Virginia, West Virginia, North Carolina, Georgia, Florida, and District of Columbia (D.C.). The district office was located in New York City, New York.
District 2. (Midwest) – Ohio, Kentucky, Tennessee, Indiana, Michigan, Illinois, Wisconsin, Minnesota, Iowa, Missouri, Oklahoma, Kansas, Nebraska, South Dakota, and North Dakota. The district office was located in Chicago, Illinois.
District 3. (Gulf Coast) – Alabama, Mississippi, Louisiana, Arkansas, Texas and New Mexico. The district office was located in Houston Texas, (Some 60 years later, Houston is still the hub of the American petroleum industry) 
District 4. (Rocky Mountains) – Montana, Wyoming, Colorado, Utah and Idaho. The district office was located in Denver, Colorado.
District 5. (West Coast) - Arizona, California, Nevada, Oregon and Washington (state). The district office was located in Los Angeles, California.
The boundary lines between the districts were drawn to reflect the natural geographical regions of the petroleum economy. District 1 included primarily the area receiving most of its supply by tanker transportation. District 2 (Midwest) and District 3 (Gulf Coast) was determined by normal supply and transportation operations. District 4 (Rocky Mountains) was largely self –contained; and District 5 (West Coast) was naturally isolated from the rest of the country (by the Rocky Mountain range).
The Refining Story
It was December 1942 – one year after Pearl Harbour. In those 12 months, the output of 100-Octane aviation gasoline in the United States had been sent climbing from 46,000 barrels per day (7.3 million litres/day) to 118,000 barrels per day (18.8 million litres/day) a 250% increase. By the end of 1945 this was to be multiplied again and again to over 500,000 barrels per day before victory was won. This 100-Octane production was but one example of the oil industries achievements which prompted the U.S. Army-Navy Petroleum Board of Joint Chiefs of Staff to proclaim at war’s end that the record in oil was ‘without question one of the greatest industrial accomplishments in the history of warfare’.
But aviation gasoline was only one phase of a war-time petroleum program that required the unfailing fulfilment of military and civilian needs. From refineries in the U.S. and those operated by the Americans abroad there had to be derived 80% of the principal petroleum products used by the United Nations – not merely 100-Octane aviation gasoline, but 91-Octane, 87-Octane, and 73-Octane for pilot training, 80-Octane all-purpose gasoline for trucks, tanks and every other type of motorized ground equipment, diesel fuel for submarines and landing craft, fuel oils for the navy, lubricants for everything that moved, asphalt to pave the runways, and butadiene for the synthetic rubber for tyres, Toluene for TNT, jellied gasoline for flame throwers, smoke for screening, petroleum coke for aluminium production, and wax for packaging. 
[bookmark: _Toc54362283]The 100 Octane Program
The spectacular section of the wartime refining program was 100-Octane Aviation Gasoline, the ‘super fuel’ that meant more speed, more power, quicker take-off, longer range, greater manoeuvrability – all of these meant the victory margin in combat. This was the fuel that powered the Allied fighters in the Battle of Britain, carried Jimmy Doolittle over Tokyo, powered the Allied bombers into Europe from Britain and Africa, and into the Pacific from Australia and Midway to Hiroshima. But the astonishing expansion of the air war caused the Allies always to be perilously close to having insufficient supplies before the refiners were able to increase capacity from 40,000 BSD to 500,000 BSD. 
Beginnings
In June 1940, the estimated U.S. capacity to produce 100 Octane avgas was between 30,000 and 40,000 BSD (Barrels per day). The U.S. Army and U.S. Navy were using about 4,000 barrels daily, and the demand for commercial and export use was 10,000-15,000 BSD. This capacity was well above demand even then. That year, President Roosevelt created a Council for National Defense, and designated a group of industrial leaders as an Advisory Commission to this Council. Dr. Robert E. Wilson was petroleum consultant to the Advisory Commission. At his urging the Army and Navy agreed in the summer (mid) of 1940 to build up stocks of at least 100 day’s supply of probable maximum war demand – estimated to be 71,000 BSD by the two armed services. 
Between then and June 1941, when the PAW was being organized, the estimates fluctuated from this 71,000 BSD to as low as 33,400 BSD. But, the day after the attack on Pearl Harbour on December 7, 1941, the armed services at the first meeting of the Petroleum Industry War Council stated that they must have 150,000 BSD – a requirement that PAW had already anticipated and laid plans to supply. (Three years later that military estimate world-wide would be 636,000 BSD.)
This 1941 product demand for Aviation Gasoline was a major challenge for the oil industry. 
Petroleum Administration Begins
When the Office of Petroleum Coordinator for National Defense (later to become the Petroleum Administration for War – PAW) was established in the summer (mid) of 1941, few in authority in Washington could foresee how inadequate the 100-Octane capacity would be. There were a number of reasons for this position:
Many in the U.S. hoped that the United States would not be drawn into the European (and North African) War.
There was extensive scepticism as to the likelihood that President Roosevelt’s call for 50,000 airplanes would ever become more than a bold statement. 
At this time and for many months thereafter, there were many in authority who failed to understand the nature of the production problems involved and who clung to the view that ‘gasoline is gasoline’, apparently believing that the refineries had only to cease shipments of motor gasoline to produce vast quantities of 100 Octane gasoline.
However, Coordinator Harold LeClair Ickes and Deputy Coordinator Ralph K. Davies took Roosevelt’s call seriously. They believed the air forces would have 50,000 airplanes and more, and they instituted studies to ascertain what fuel requirements would be when these planes were ready to fly. These calculations made it perfectly clear that the estimates of 100-Octane aviation gasoline by the armed services were far too low, and that immediate expansion was critical and that a doubling of capacity was necessary as fast as possible.
Leaving No Stone Unturned
At the same time that oil team was campaigning for new plants, it was concentrating on getting more from existing plants. It was also commencing work that would be required if the new plants were approved. It was studying the merits of the different manufacturing processes, working on financial plans and arrangements for the purchase of products, arranging to have patents made available.
At the first meeting with the petroleum industry representatives, in June 1941, even before the formal organization of committees had begun, the 100-Octane problem was given attention. The oilmen were in the best position of any group to realize how difficult 100-Octane gasoline was to make, how long it would take to build new plants, and what would be required to train enough people to operate these highly complicated installations. 
They were handicapped from undertaking any large construction program because at that time the U.S. Army and U.S. Navy did not have the right to contract to purchase anything beyond the fiscal year in which they were operating. This was still June 1941 and America was not yet in the war; so, if a petroleum company were to build a plant, it faced the possibility, especially if there were a short war or no war (involving America) at all, of finding itself with a multi-million dollar installation, and nobody to buy the product. Further, it must be remembered that the 100-Octane production capacity then existing, was more than ample for the current U.S. demand that existed at that time. In fact, there were not enough orders to warrant full output, and storage tanks were full. Meanwhile, both the U.S. Government and the oil industry agreed that the (U.S.) national interest required prompt action to survey the situation and ascertain what could be done to increase production without large-scale plant expansion. 

Committees Organize -1941
On the basis of industry wide nominations, on July 12, 1941, PAW appointed its functional industry committees for the five districts. Included were refining committees whose members in most cases were the heads of the refining departments of their companies; these were capable, experienced refinery operations men. On July 21, 1941, a survey of all refineries commenced to determine the storage or production facilities for 100-Octane aviation gasoline. – The United States had 100-Octane production capacity of 40,313 barrels per day (6.41 Million litres per day), if all high octane blending octane agents were used in its manufacture, and if all components were manufactured in the exact proportion for the ultimate requirements of the final blend.
This immediately showed that the need for conservation of these valuable stocks. On August 23, 1941 – Recommendation No. 8 stated in part ‘All persons engaged in the manufacture of aviation gasoline shall cease to use such blending agents except for the manufacture of 100-Octane aviation gasoline.’
The search had commenced for means of increasing the output of 100 Octane gasoline and its components from existing facilities. For this specific purpose PAW on August 27 appointed aviation gasoline subcommittees for each district, whose task was to: 
Survey all companies to determine their ability to manufacture aviation gasoline.
Report weekly on stocks and output of aviation gasoline and its components
Study and report on crude oil sources and other sources for high octane base stocks so that the most efficient use could be made of the current blending agent production.
First Report to SPAB-November 1941
Working in close cooperation with their industry colleagues, the PAW technologists, themselves oil industry men on loan to the U.S. Government were making an intensive study of measures which might relieve the supply shortage that would surely come if the U.S. was to go to war. As a result of this study, on November 18, 1941, PAW made its first formal report to the Supply Priorities and Allocation Board (predecessor of the U.S. War Production Board). In addition to actions required to expedite new plant construction, this report proposed interim measures to meet requirements until new plants could be commissioned and brought on stream. These included:
Increase Alkyl Lead content. Use of 4 cc Tetra Ethyl Lead per US Gallon, instead of 3 cc TEL/USG resulting in an increase of approximately 20% in production. (This proposal was accepted)
4 cc TEL/USG = 4.8 cc TEL/Imp. Gallon = 1.11 gm Pb/Litre.
3 cc TEL/USG = 3.6 cc TEL/Imp. Gallon = 0.84 gm Pb/Litre.
Temporary elimination of fuels higher than 100 octane. (This recommendation was followed by the U.S. armed services).
Temporary use of fuels lower than 100-octane where possible, including 91-Octane for training purposes. (This recommendation was rejected at the time, but later put into effect in 1943).
Halt the alternative use of Benzol and other aromatics, because of their value in improving both the quantity and quality of 100-Octane gasoline. (This recommendation led to the development of Cumene manufacture, which began in May 1942 on a substantial scale). 
Increase in existing plant capacity by supplying additional charge stock, by process changes, and by diversion of hydrogenation facilities to the hydrogenation of Codimer to make Hydrocodimer, a high octane blending agent. (This was to turn all the individual plants in the U.S. into essentially ‘one giant aviation gasoline production plant’ by providing feedstock to under capacity plants and maximizing production).
New Plants: Financed and a Start made
Even with the recommendations above it was well recognised that there was still a need for new facilities, and so work was going ahead simultaneously on a plan whereby the oil industry could justify the large expenditure required for new plants. On November 3, 1941, upon the urging of PAW, the Reconstruction Finance Corporation (RFC) agreed that it or its subsidiaries would enter into long-term contracts to purchase aviation gasoline from new facilities to be constructed by the oil companies. The U.S. Army and U.S. Navy, in turn, agreed to reimburse the RFC for its expense out of future appropriations. This was the plan that gave the start to a long series of contract negotiations which resulted eventually in the construction of more than a billion ($US) dollars’ worth of highly specialized equipment to make war products. Fortunately, even before the RFC agreed to the long-term contract plan, PAW and the oil industry had undertaken studies of plant expansion, and engineering studies were well advanced. Some companies had proceeded on faith, and were already building expansions to existing facilities, contracts or no contracts. Consequently, in November 1941, PAW was able to list 23 separate new facilities, for which priorities had been granted with the ultimate capacity of 28,282 BSD when and if construction materials could actually be obtained and the units completed, and to recommend additional projects with a capacity of 20,027 BSD – that was a total of over 48,000 BSD of new capacity on which action was already underway. 
Nineteen days later after the PAW report came the Japanese attack on Pearl Harbour on December 7, 1941. This event made the need for the largest possible increment on 100-Octane production immediate. It was then that benefits of the painstaking preparation some six months earlier were realized, when so many people thought the America may escape the horrors of a World War
On December 2, 1941 Deputy Administrator Davies requested that all manufacturers of 100-Octane gasoline send their technologists to Washington DC to discuss specific measure at specific plants. They convened on December 10, 1941 (3 days after the attack on Pearl Harbour) – four days later their made the following report ‘Production of 100 Octane gasoline from existing plants can be increased by 15% during the first six months of 1942 if certain things are done.” 
The ‘Quickie Program”
Initially the technologists concentrated on the possibilities for improved blending, because this was an area which did not require construction materials or priorities, or approval of other agencies. The suggestions that evolved marked the start of the “Quick 100-Octane Program” and brought about a pattern of activity that had never been seen in American industry before – it ignored the rules or economics, but it did get the gasoline produced quickly. The technologists concluded that if the various components of 100-Octane were blended in the plants best able to utilize them, then more fuel could be made. They pointed out that it was uneconomical and would mean moving components back and forth across the U.S. at a time when transportation was already becoming tight. It would mean losses in output of other petroleum products, violate contracts, cost money, and most of the refiners would not like it, but it would make more 100-Octane gasoline.
If one company’s Hydrocodimer, when blended with another company’s base stock , would produce more 100-Octane than if blended with first company’s own base stock, then the shift was made, regardless of the economic considerations involved. This shuffling was of components was done, with the U.S. Department of Justice approval, under the authority of the previously mentioned recommendation No. 8 and under the further authority of an even broader Recommendation No. 16 (issued December 9, 1941). It authorised the – “allocation, exchange, licence, pooling, loan, sale, or lease of crude oil, base stocks, blending agents, processes and patents, and production, transportation and refining facilities… whenever and to whatever extent may be necessary to facilitate the maximum production of all grades of aviation gasoline or to reduce the time required to produce such gasoline.” This made PAW the virtual czar of 100 Octane in the United States. As they stated: “forget economic considerations, forget everything except getting out more and more 100-Octane gasoline as quickly as you can”.

Patent Licensing and Royalty Administration
The fundamental concern was more 100-Octane gasoline, but patent licensing arrangements could not be ignored. The government approved the commercial royalty rates for purchase of components which were established in peacetime, so long as the cost was fair and reasonable. Various royalties were established for the processes and pooling. This specific subject is outside the scope of this book and reference should be made to the source document of more detail, it is suffice to say that commercial arrangements were established.
‘Controlled Operation’ and a New Specification 
As stated earlier the PAW has detailed and extended control of 100 Octane production where each month it issued a ‘planned blending schedule’ by which each refiner was given specific instructions as to the composition of his blends, the sources from which to obtain components, and to where the product was to be shipped.
The ‘quickie program’ had hardly begun when the US military (at the insistence of the British) announced that after July 1, 1942 an improved ‘rich mixture specification’ was required, that is, a fuel which could provide better performance when fed rapidly into the carburettor, as for take-off and combat. [Allied aircraft engines had carburettors, German aircraft engines were more advanced with fuel injection] – This new specification was tested on a supercharged ASTM test engine was described as Performance Number and the specification as 130 PN minimum. 
This was the introduction of Avgas 100/130 which still exists in general terms today.
Cumene Production
This rich mixture specification (130 Performance Number minimum) could be met, but it would reduce the total output of 100-Octane gasoline – This did not dismay the refiners. They knew that if Benzene (which had a freezing point ‘limitation’) was converted to Cumene (a rich mixture additive even more valuable then benzene), it would be possible not only to raise all of the scheduled 100-Octane gasoline to the new specification demanded, but that the total production could substantially be increased because Cumene allowed lower quality (octane) base stock gasoline. 
By May 1942 the first Cumene plants were producing 450 BSD, by October 1942, this was 6,300 BSD, enough to make an additional 20,000 BSD of 100-Octane gasoline. The peak of Cumene production was 12,700 BSD reached in November 1944, at which time 22 refineries were participating in its production. It was estimated that the use of Cumene made possible an additional 35 million barrels (5,655 million litres) of 100-Octane gasoline production between May 1942 and August 1945.
“Cat Cracker” Goes to War
Catalytic crackers had been introduced in the US in 1937 with the Houdry Catalytic Cracker by Eugene Houdry, and these plants were installed by a few companies to produce higher yields of higher octane motor gasoline for the domestic market. They were not originally designed to produce aviation gasoline or its components, nevertheless they did produce it – in large quantities. Engineers and construction workers worked to modify these units for their war time production, and company executives took pride in seeing how quickly they could be converted to the Nation’s service (some examples are listed later). All of the 14 catalytic cracker units that were operating at the start of 1942 were converted to aviation gasoline component service, and all subsequently erected cat crackers were also dedicated to this service. Conversion of pre-war units in the first half of 1942 added 10,000 BSD (1.6 million Litres/day) to the 100-Octane production. 
Codimer – Polymer Gasoline
Prior to the war there were numerous polymerisation plants built to enhance the anti-knock qualities of motor gasolines. The product from these units was called ‘polymer gasoline’. By changing the equipment and process the refiners could make Codimer. Codimer, if hydrogenated in plants that were making other products, would produce substantial quantities of Hydrocodimer, a high octane blending agent – principally Iso-Octanes. The necessary refinery conversions could be made quickly and cheaply. The first converted plants were on stream in January 1942, by October 1942 some 5,000 BSD of Codimer was being produced, by September 1944 this was about 16,400 BSD with 71 installations supplying the Codimer to 5 hydrogenation plants. Illustrating the way in which small companies participated in the program contributing from as little as 5 BSD to 1,700 BSD of Codimer.
All Knowledge Is Pooled
While these activities were being taken, oil technologists were studying proposed new products and processes, which in most cases were not beyond the laboratory and pilot plant stage. In order that the fullest cooperation of the industry might be possible without conflict with the stringent U.S. ‘Anti-Trust Laws’, PAW obtained, from the U.S. Department of Justice, approval for the issuance of Recommendations 23, 41 and 48 which asked for joint research, and for the complete exchange between companies and individuals of information regarding processes and products, patents, experimental data and general knowledge. This was perhaps one of the most striking examples of the industry’s waiver of competitive advantages that occurred during the war. At the start of war (1941 for the Americans), there were only 15 refineries (of 400) in the U.S. who manufactured 100-Octane gasoline. They had developed their techniques by many years of research and at a cost of many millions of dollars. Yet, here they were asked to share their extensively acquired skills and knowledge with their competitors, large and small alike – they did just that. 
By 1943 there were contributions to 100-Octane Aviation Gasoline from 161 Refineries, with Codimer produced at 72 plants, there were 107 producers of Avgas 100 or its major components, and some 40 plants producing aviation gasoline or base stocks. 
In 1944 there were 14 new plants due to come on-stream.
The general U.S. process for the manufacture of 100-Octane Aviation Gasoline around 1942 is illustrated in Figure 2.


Figure 2. How 100 Octane Aviation Gasoline was made in the U.S. 1942.
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Reimbursement
While there were many technical and engineering problems to overcome, there were also the financial and administrative arrangements with the various armed services to be addressed. Matters such as the selling price for the various blending components, freight and handling costs for the “Quickie Program”. The history of PAW discusses these aspects in considerable details and so will not be covered here. It is suffice to say that the primary concern was the production of the maximum quantities of 100 Octane fuel and that costs were secondary. Financial arrangements were agreed between the Army, Navy, Defense Supplies Corporation and PAW, known as the Aviation Gasoline Reimbursement Plan. 
In summary, the 100-Octane output increased by 72,000 BSD during the dark years of the war 1942, and increased another 106,000 BSD during 1943. The few new facilities that could be completed only contributed to 35.5% of the output. The remainder has come from converted cat crackers, from Cumene and Codimer, from a wide range of technical improvisations that bordered on sheer wizardry. It was the incremental 100-Octane gasoline that was squeezed out of the existing facilities that provided the margin for full operation of the air forces in the war years of 1942-43. This margin may have been the difference between victory and defeat.
The increase in the production of 100-Octane Aviation Gasoline from January 1, 1942 to December 31, 1943 is illustrated in Graph 1.


Graph 1. 100 Octane Aviation Fuel Sources of Increased Production (1942-1943)
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The production of 100-Octane aviation gasoline was achieved by four major factors:
Initially by ingenuity and resourcefulness,
Increase in TEL limit from 3 cc TEL/USG to 4 cc TEL/USG
Construction of new plants  


Graph 2. U.S. 100 Octane Aviation Gasoline Production 1942-1945
[image: ]
Photo 4. Start-up of pipeline for delivery of petroleum products (circa 1945). 
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Aviation gasoline plants were needed but which plants should be built? A complete 100-Octane plant usually required a Catalytic Cracker unit to provide high octane base stock and olefins such as Butylene, which with Iso-butane was the feedstock for alkylate – the synthetic super-high octane ingredient that comprised about one third of every barrel of wartime 100-Octane. Alkylate was not easy to make; it required a precision operation of chemical synthesis. There was not enough isobutane in the country to react with the butylenes produced. Therefore, more isobutane had to be produced, but what processes could be used, which refiners could operate them, and which construction companies could build these process plants? 
What Plants to Build
Technology
The war found the oil industry in a transition period in so far as refining technology was concerned. Of the three catalytic cracking processes which were used on a large scale in the scores of new plants built during the war, only one – the Houdry process – had operated before the war on a large commercial scale. The others had only had large scale pilot plant operation for background technological experience. Of the two Alkylation processes used, only one (the Sulphuric Acid type) had large scale commercial experience behind it. None of the Isomerisation processes had sufficient practical experience. Not only were the techniques and experience concentrated in a few companies, there was also only a limited amount of knowledge.
Why so many different processes? Just as men of diverse political and religious faiths did the fighting in the various armed services with one purpose, so were the refiners and technologists of differing ‘scientific faiths’. PAW knew the resourcefulness, integrity and intellectual honesty of the refiners and technologists. It knew that these men would do a better job if they were permitted to use their own ‘tools’, and if it provided the objectives and left the men to use their ingenuity to achieve the result.
When a proposal for a new plant was submitted a number of issued need to be addressed: 
What will the productive capacity be?
What will it cost?
What feedstocks will be required?
How long will it take to get on stream?
How much and what kind of material and equipment will be needed?
How will it fit into the overall nationwide program?
All over the U.S., refiners were eager to participate in the 100-Octane aviation gasoline program; individual States and communities wanted plants located in their region. Consequently, there were many applications for approval of plant proposals to PAW and it was their role to decide which should be selected and which rejected. Desiring to bring as many small refiners into the program as possible, PAW had to balance the maximum output with the quickest production. Ultimately almost 400 refineries were contributing to the aviation gasoline program.


U.S. Construction of 100 Octane plants
In pushing its construction program and in planning for more facilities, the oil men had only one guide for future requirements – the avgas demand estimates of the U.S. Army and U.S. Navy which were initially were too low. Consequently, during the early years of the war there was constantly the dual task of trying to persuade War Production Board to authorize additional expansion and trying to convince the armed services that they would need more avgas than they thought. But even when the expansions were authorised and even after priorities had been granted, there were still more struggles because the priorities were often too low to command the necessary attention of the suppliers and fabricators, and even when top priorities were obtained the task of getting actually delivery was a difficult one. It was slowed by shortages of manpower, by conflict with other programs (rubber landing craft for the many amphibious landings in the Pacific theatre, and the ‘Manhattan Project’ – development of the Atomic bomb), by technical problems, and in some part by poor performance on the part of the construction workers. But somehow it was driven through – US$ 867 million for aviation gasoline facilities in the United States and another US$ 260 million for overseas facilities under U.S. or Allied ownership.
Among the many types of construction required during the war, the 100-Octane program was unique in several aspects, these had a direct effect on construction. The reasons were: 
Only two of the jobs of over 60 jobs involved the construction of entirely new refineries in the U.S. All others consisted essentially of obtaining and construction special equipment within or as add-ons to existing refineries.
The 100-Octane facilities required high dollar value hard-to-get specialised pumps, compressors, motors, steel distillations towers, alloys, instruments and so forth.
The materials required for an avgas manufacturing facility were remarkably similar to those required for a naval vessel – motors, alloys, compressors, pumps, steel, etc. which meant on occasions the 100-Octane program competed with the U.S. Navy program of ship building for materials
The 100-Octane program was different to other war materiel programs in that it was impossible for technical and engineering reasons to attain standardization that goes with mass production manufacture.
The 100-Octane program was also different to other programs in that 100-Octane aviation gasoline could not be produced alone, but was in fact a blend of a number of variable components. Its production was essentially a procedure for extracting by-products of petroleum refining operations. These by-products were of great value, but they were still by-products of petroleum in various forms (gases and liquids) in the overall refining of crude oil.
It would be the middle of 1943 before the 100-Octane program got the priorities and attention it deserved when it was pointed out the ‘planes were useless without fuel’. There were many struggles for program priorities; however, winning the priorities was only part of the job – manpower and morale were another issue to be tackled. With many of the usual peacetime skilled construction and refinery workforce drafted or volunteered into the armed services, the remaining labour force available for the construction did not have the same commitment to the projects and were less skilled; besides the usual union disputes there was a reported indifferent behaviour on part of the construction labour force. The problem became so serious in mid-1943 the PAW decided it was necessary to make a systematic and extensive attempt to build up morale of the men bringing their attention to the importance of their jobs by demonstrating the relationship between the manufacture of 100-Octane gasoline and the war effort. The steps taken included:
Assignment of U.S. Army and U.S. Navy officers to plants under construction.
Distribution of cartoon–type books, emphasizing dramatically the military importance of 100-Octane aviation gasoline.
Visits to plant sites by combat-bomber crews.
U.S. Army and U.S. Navy motion pictures
A newspaper: ‘The 100-Octane Times’
Valuable assistance from the U.S. Navy’s Industrial Incentive Division. 
From these efforts the production of 100-Octane gasoline did increase as evidenced in Graph 2. U.S. Production of 100 Octane Aviation Gasoline. Several examples of the activities to improve morale and gain recognition for the workers are listed later.
U.S. Technology – TAC & AGAC
PAW’s technological activities were carried out by a section of the refining division. The petroleum industry’s technological studies were carried out primarily by two major committees: The Aviation Gasoline Advisory Committee (AGAC), set up by the refining division, and the Technical Advisory Committee (TAC) set up by PIWC, together with numerous sub-committees of both groups. TAC was the U.S. research department on petroleum technology, and AGAC was its manufacturing committee. TAC sought and produced new data, new tests, new chemicals, new ideas for the joint use by industry and PAW. Although AGAC included some of the industry’s research leaders, they were not there in that role, - they along with the skilled manufacturing men and technical services were there to convert operating possibilities into production realities.
U.S. Technical Advisory Committee - 1942
The Technical Advisory Committee (TAC) was formed by the Petroleum Industry War Council (PIWC) in April 1942 for the purpose of developing possibilities of making synthetic rubber, but is scope was rapidly expanded to aviation gasoline and petroleum technology in general. TAC comprised the top research executives from 20 oil companies, which represented the major portion of the U.S. industry’s research and development facilities and employed some 8,000 technical personnel. The committee’s technical work was carried out through three standing sub-committees – Analytical, Primary Process, and Synthesis – although the actual study was always assigned to a working group. 
In October 1942, the Aviation Gasoline Advisory Committee was organised to secure the maximum production of the critical grades of aviation gasolines from both existing facilities and approved facilities, and to offer advice on the expansion program necessary to meet future requirements.  The primary focus was on 100 Octane Aviation Gasoline. There were ten sub-committees appointed, each having as its scope of activities a particular field related to manufacturing aviation gasolines. In 1943 the current urgent needs were for (1) additional production of isobutane and butylenes to allow the available alkylation plants to operate at maximum capacity, and (2) more 87 to 91 octane aviation base stocks.




U.S. Aviation Gasoline Advisory Committees[endnoteRef:8] - 1942 [8:  American Petroleum Institute 24th Annual Meeting Chicago Illinois November 8-11, 1943 Division of Refining “The Activities Of The Aviation-Gasoline Advisory Committee” by H.G. Burks, Jr. Sourced from API Library Washington D.C. U.S.A.] 

Sub-Committee Organization
The sub-committees comprised a chairman who reported to the main committee; the sub-committee members were selected qualified individuals generally from the oil industry, or in some cases from licensing agents carrying out a substantial amount of research work. The work of the sub-committees generally followed the same approach. 
Assemble and correlate all available pertinent technical information concerning a particular operation. 
Present this information pertaining to a particular operation to a number of small groups, which in toto comprised substantially all the current and approved future domestic manufacturers of aviation gasoline and its component - pointing out those “tricks of the trade” which would achieve the greatest production from a typical unit, 
Review in detail the operation of each refiner present to determine the capacity of his particular unit, what limited its production, and what could be done to remove those limitations. 
Submit a report to the refiner outlining in detail the recommendations of the sub-committee after the analysis had been completed, 
A copy of the report was forwarded to the Petroleum Administration for War for whatever action that organization they deemed appropriate. 
The work load of these sub-committees was substantial; however, it represented the best way to:
Make available to all operators the results of the work of those who had developed the best operations. (Today we would call this “benchmarking”): 
Make a constructive review of each refiner’s specific operation by a group of specialists.
Obtain first-hand information concerning problems which required attention.
In order to concentrate the necessary effort on the problems that arose, the sub-committees were organized as follows:
Additives
Alkylation
Aromatics
Base Stock Production
Blending Octane Numbers
Catalytic Cracking
Codimer
Isomerization
Toluene Plant Conversion
Treating Catalytically Cracked Gasolines
There was considerable interaction between the sub-committees, for example at the group meetings of the Catalytic Cracking Subcommittee, members of the subcommittees on Alkylation, Codimer Operations, Isomerization and at times Blending Octane Numbers were present. This allowed coordination of the subcommittee’s work to ensure that all the facts available were brought to bear upon interrelated operations of the differing processing units in each refinery for the purpose of assuring the maximum overall production of aviation gasoline components and of raw materials from which components could be produced.
The concentration of technical expertise and the cooperation of all the participants produced marked results. 
The rate of production of Codimer during September 1943 was in excess of 155% of the January 1943 production; similarly, the production of Cumene (Isopropyl Benzene) a valuable avgas component increased steadily where the production for August 1943 was over 140% that of January 1943. 
Work from the other sub-committees also benefited overall production; the Blending Octane Numbers Sub-Committee published its report “Methods for Estimating the Properties of Aviation Gasoline Blends”. 
The Toluene Plant Conversion reported to the Ordnance Department and the Petroleum Administration for War with recommendations concerning the utilization of the Toluene Plants to meet the requirements of ordnance and simultaneously, to contribute as much as possible to the 100-octane gasoline supply position. (Toluene has a high octane and is a valued aviation gasoline blending component particularly with the later Aviation Gasoline grades such as 115/145. However, it is also the chemical “building block” for Tri-Nitro Toluene (TNT) explosives, so in times of war there has always been the competition for war materiel between aviation gasoline and explosives).
Alkylation sub-committee stated that their analysis clearly indicated that in many cases the actual capacity of the Alkylation units was at least 150% of the design capacity. The most important reason for not producing at capacity was the lack of sufficient feedstocks – Isobutane and olefins. Therefore, it became most important for all refiners that could produce and segregate these feedstocks to maximise their production. In addition, the natural gasoline manufacturers were urged to recover more Isobutane from their plants for use in Alkylate production. 
Small Avgas Component Plants
It was the constant effort of the Petroleum Administration for War to bring as many small plants as possible into the 100-Octane Program and into other wartime refinery activities. Its success is shown by the fact that some 400 plants participated, either by making the complete product or supplying components that were blended elsewhere. An example is the small plant which would fit on a city block, but which contributed through its manufacture of Cumene – a ‘rich mixture’ component of 100-Octane aviation gasoline.

Photo 5. U.S. Cumene Manufacturing Plant 1944
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Photo 6. US Army 8th Air Force Boeing B-17G Flying Fortress bombers on a daylight bombing raid over Germany 1943.
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Production of Aviation Gasolines
The period from 1943 to August 1945 was one of increased aviation gasoline production primarily of 100-Octane, however other grades were to appear particularly in the United States in order that 100/130 Aviation Gasoline could be supplied to the armed forces in combat areas around the world.
U.S. Avgas 100 Production
As discussed earlier production of petroleum products in the United States was divided into five districts – with regard to aviation gasoline production the great refineries of the South West, in Texas and the Gulf Coast, were to be the mainstay of U.S. aviation gasoline production, strongly supported by the refineries on the West Coast who would supply the Pacific theatres. The following table shows the production of ‘High-Octane’ aviation gasolines (Millions of barrels) for each of these districts from 1942 to August 1945. 
Table  1. U.S. Production of High Octane Aviation Gasoline from 1942 to Aug 1945 (Millions of Barrels)
	District
	1942
	1943
	1944
	1945
	Total

	District 1 East Coast
	3.7
	11.9
	21.9
	16.4
	53.9

	District 2 Mid West
	2.3
	5.7
	17.9
	16.8
	42.7

	District 3 South West
	14.0
	26.8
	61.5
	48.6
	151.0

	District 4 Rocky Mountains
	None
	None
	1.8
	2.6
	4.4

	District 5 West Coast
	8.7
	16.5
	34.1
	33.1
	92.5

	Total
	28.7
	61.0
	137.2
	117.6
	344.5


Data Source: Summary of Table I – Aviation gasoline Report to the U.S. War Petroleum Board (Final Report of PAW, September 29, 1945).
The term ‘High-Octane’ aviation gasolines encompassed the various modifications to the basic 100-Octane Aviation Gasoline blend. These included the emergency measures which were taken throughout 1943 and 1944 to increase production – measures such as the increase of TEL content, use of C-S (Cumene Substitute), lowering of the lean MON rating specification in the U.S. for domestic use – from 100 to 98 & 99. It also included the introduction of the new Aviation Gasoline 115/145 for the new military aircraft coming into production in 1944 – aircraft such as Boeing B-29 Super Fortress Bomber which would achieve fame in the Pacific in August, 1945 when a B-29 named ‘Enola Gay’ piloted by Colonel Paul W. Tibbets, Jr. took off from the tiny island of Tinian in the Marianna Islands, and would drop the first atomic bomb on the Japanese city of Hiroshima. The bomb was dropped over Hiroshima at 8:15 am on August 6, 1945 and exploded at about 2,000 feet, destroying 4.7 square miles of the city. More than 71,000 persons were dead or missing, heralding the horrors and devastation of an ‘Atomic War’.


High Octane Gasolines
The following table shows the production of these various ‘high octane’ gasolines, and illustrates in broad terms the changes from lead content of 4 cc TEL to 4.6 cc TEL to increase production in 1943 and becoming the standard in 1944; the use high lead content 6 cc TEL, Cumene Substitute and lower lean octane rating in 1944 to maximise supply; the introduction of Avgas 115/145.
Table 2. U.S. Production of High Octane gasoline by grade. 1942 to August 1945 (Thousands Barrels)
	Grades
	1942
	1943
	1944
	1945
	Total
	Grade

	100/130 with 4 cc TEL
	28,713
	30,232
	-
	8,448
	314,949
	100/130

	100/130 with 4.6 cc TEL
	-
	29,093
	106,403
	111,693
	
	

	100/130 with 6 cc TEL
	-
	-
	367
	-
	
	

	98/130 with C-S 4 cc TEL
	-
	1,650
	-
	-
	17,629
	98/130

	98/130 with C-S 4.6 cc TEL
	-
	-
	8,496
	-
	
	

	98/130 with C-S 6 cc TEL
	-
	-
	1,301
	-
	
	

	98/130 with 4 cc TEL
	-
	-
	5,289
	-
	
	

	98/130 with 6 cc TEL
	-
	-
	893
	-
	
	

	99/130 with C-S 4.6 cc TEL
	-
	-
	8,339
	-
	14,321
	99/130

	99/130 with 4 cc TEL
	-
	-
	5,433
	-
	
	

	99/130 with 6 cc TEL
	-
	-
	549
	-
	
	

	115/145
	-
	-
	154
	413
	567
	115/145

	Total Thousands of barrels
	28,713
	60,975
	137,224
	120,554
	347,466

	Thousand BSD
	79
	167
	375
	496
	


The contribution of the production plants and refineries of the South West (including the Gulf Coast) - District 3, and the West Coast - District 5 can be seen in the following graphs. These locations had easy access to the shipping ports and routes which would transport this valuable aviation fuel to the war fronts in the Pacific, Europe and North Africa 
In the case of 91-Octane Avgas, much of the pilot training was done on the West Coast – District 5, where the major aircraft factories of Boeing, Grumman and others, were located, so there was a higher production and usage of this grade. 


Graph 3. U.S. Production of High Octane Aviation Gasoline by District from 1942 to August 1945 (Million Barrels per year) 
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Graph  4. U.S. Production of High Octane Aviation Gasoline by District from 1942 to August 1945.
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U.S. Avgas 91-Octane Production
While the ‘Super Fuel’ was 100-Octane and it received the most attention and publicity, there were lesser grades which were also required for essential operations such as training and liaison work. This grade in the U.S. was 91- Octane and comprised some 18% of the Aviation gasoline production. Table 3. shows the production of 91-Octane aviation gasolines (Millions of barrels) for each of these districts from January 1942 to July 1945. There was no production of 91-Octane from District 4 - Rocky Mountains.
Table 3.  U.S. Production of 91- Octane Aviation Gasoline from 1942 to July 1945. (Millions of Barrels)
	District
	1942
	1943
	1944
	1945
	Total

	District 1 East Coast
	0.65
	2.07
	3.62
	0.98
	7.3

	District 2 Mid West
	0.79
	0.89
	1.19
	0.27
	3.1

	District 3 South West
	8.16
	11.09
	17.00
	8.40
	44.7

	District 4 Rocky Mountains= Nil
	No production of this grade

	District 5 West Coast
	3.24
	6.59
	8.43
	2.41
	20.7

	Total
	12.8
	20.6
	30.2
	12.1
	75.8


Data Source: Summary of Table IV – Aviation gasoline Report to the U.S. War Petroleum Board (Final Report of PAW, September 29, 1945).
Graph 5. U.S. Production of 91-Octane Aviation Gasoline by District from 1942 to July 1945.
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U.S. Aviation Gasoline Plants
The majority of aviation gasoline plants, either as separate units or as part of an integrated existing refinery, were predominantly around the Houston – Beaumont area of Texas (15 plants) with easy access to shipping in the Gulf Coast. There were also a significant number of plants (7) around the Los Angeles area in southern California. The following table shows the production (thousand barrels) of both high octane and 91-Octane aviation gasoline for the first 7 months of 1945 (January to July) throughout the various locations in the United States. In this period the biggest producer of Avgas 100 was the Sun Refinery in Marcus Hook on the Delaware River near Philadelphia, Pennsylvania with some 6.6% of the total Avgas 100 production, while the honours for 91-Octane Avgas production went to Standard Oil of California (Chevron) refinery at El Segundo in the Los Angeles area of southern California with a massive 9.8% of the total 91-Octane production. 
Of the oil companies, Shell with its refineries in Martinez and Wilmington California, Woods River, Illinois, and Houston, Texas produced nearly 10% of the U.S. Avgas 100 production, but the Standard Oil Company of California (Chevron) with its refineries and plants at El Segundo, Richmond and Bakersfield produced nearly 15% of all the U.S. 91-Octane aviation gasoline. 
Photo 7. Sun Plant at Marcus Hook, Pennsylvania. 
[image: ]
In April 1942, this site at Marcus Hook, Pennsylvania was an empty field. In April 1944, this complete and new aviation gasoline plant had been in operation for several months. It was typical of some of the major refinery construction work that was done in the U.S. during World War II. 




Figure 3. U.S. Aviation Gasoline Plants (Avgas 100) in 1945.
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Photo 8. Socony-Vacuum De Florez Cracker, Brooklyn, New York (District 1 East Coast)
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Table 4. District 1 – U.S. East Coast Aviation Gasoline Refineries and Plants 1945
	Company
	Location
	State
	High Octane
	91 Octane

	Atlantic Refining Co.
	Point Breeze 
	Pennsylvania
	1,066
	104

	Pennzoil
	Oil City
	Pennsylvania
	358
	0

	Socony -Vacuum (later Mobil)
	Buffalo
	New York
	273
	0

	Socony -Vacuum (later Mobil)
	Paulsboro
	New Jersey
	1,925
	0

	Standard Oil Company of New Jersey (later Exxon)
	Baltimore
	Maryland
	2,088
	0

	Standard Oil Company of New Jersey (later Exxon)
	Bayonne
	New Jersey
	2,250
	134

	Sun
	Marcus Hook
	Pennsylvania
	7,709
	418

	Tidewater
	Bayonne
	New Jersey
	1,243
	319.8


Table 5. District 2– U.S. Mid-West Aviation Gasoline Refineries and Plants 1945
	Company
	Location
	State
	High Octane
	91 Octane

	Ashland
	Catlettsburg
	Kentucky
	1,596
	0

	Associated
	Duncan
	Oklahoma
	821
	0

	Continental
	Ponca City
	Pennsylvania
	4,487
	0

	Cooperative
	Coffeyville
	Kansas
	347
	0

	Phillips Petroleum
	Kansas City
	Kansas
	1,022
	0

	Phillips Petroleum
	Oklahoma City
	Oklahoma
	217
	34.6

	Shell 
	Wood River
	Illinois
	3,288
	118.3

	Socony -Vacuum (later Mobil)
	East St. Louis
	Illinois
	1,217
	0

	Socony -Vacuum (later Mobil)
	Trenton
	Michigan
	636
	0

	Standard Oil (Indiana)
	Whiting
	Indiana
	3,006
	31.9

	Standard Oil (Indiana)
	Wood River
	Illinois
	1,236
	0

	Standard Oil (Ohio)
	Toledo
	Ohio
	1,143
	80.6





Table 6. District 3– U.S. South-West Aviation Gasoline Refineries and Plants 1945
	Company
	Location
	State
	High Octane
	91 Octane

	Abercrombie
	Sweeney
	Texas
	1,596
	0

	Amsco
	Corpus Christi
	Texas
	0
	263.2

	Atlantic
	Atreco
	Texas
	821
	0

	Cities Services
	Lake Charles
	Louisiana
	4,487
	0

	Coastal
	Port Isabel
	Texas
	0
	410

	Coltex
	Colorado City
	Texas
	0
	153

	Cosden
	Big Springs
	Texas
	0
	150.1

	Crown Central
	Houston
	Texas
	1,476
	169.3

	Dancinger
	East Columbus
	Texas
	0
	33

	District Products
	North Houston
	Texas
	0
	184.4

	Eastern States
	Houston
	Texas
	699
	0

	Great Southern
	Corpus Christi
	Texas
	900
	118

	Gulf
	Port Arthur
	Texas
	2,525
	445.1

	Humble
	Baytown
	Texas
	6,665
	0

	Humble
	Ingleside
	Texas
	0
	176

	Humble
	Katy
	Texas
	0
	962

	Humble
	San Antonio
	Texas
	0
	119

	Lion
	El Dorado
	Arkansas
	0
	50.7

	Magnolia (later Mobil)
	Beaumont
	Texas
	4,200
	448

	Malco
	Artesia
	Texas
	0
	0

	Maritime
	Houston
	Texas
	0
	207.8

	Pan American
	Texas City
	Texas
	1,620
	827

	Phillips Petroleum
	Borger
	Texas
	3,035
	110.1

	Pontiac
	Corpus Christi
	Texas
	0
	0

	Pure Oil Company
	Nederland
	Texas
	695
	0

	Republic
	Texas City
	Texas
	869
	466.7

	Root
	El Dorado
	Arkansas
	550
	0

	Shell
	Houston
	Texas
	2,646
	278.3

	Sinclair
	Corpus Christi
	Texas
	1,359
	381.4

	Sinclair
	Houston
	Texas
	1,236
	0

	Southport
	Texas City
	Texas
	436
	263.2

	Southwestern
	Corpus Christi
	Texas
	0
	582.7

	Standard Oil (Louisiana)
	Baton Rouge 
	Louisiana
	5,325
	247

	Standard Oil (Texas)
	El Paso
	Texas
	0
	96.2

	Stanolind
	Superior
	Texas
	0
	22.4

	Taylor
	Corpus Christi
	Texas
	0
	700

	Texaco
	Port Arthur
	Texas
	5,631
	540


Table 7. District 4– U.S. Rocky Mountain Aviation Gasoline Refineries and Plants 1945
	Company
	Location
	State
	High Octane
	91 Octane

	Frontier
	Cheyenne
	Wyoming
	341
	0

	Sinclair
	Sinclair
	Wyoming
	779
	0

	Utah
	Salt Lake City
	Utah
	1,372
	0


Table 8. District 5– U.S. West Coast Aviation Gasoline Refineries and Plants 1945
	Company
	Location
	State
	High Octane
	91 Octane

	Cominol
	Hanford
	California
	0
	42

	Cominol
	Santa Fe Springs
	California
	0
	45

	General 
	Torrance
	California
	2,575
	0

	Mohawk
	Bakersfield
	California
	385
	0

	Richfield
	Watson
	California
	4,029
	53

	Rothschild
	Santa Fe Springs
	California
	0
	85

	Shell
	Martinez
	California
	612
	12.9

	Shell
	Wilmington
	California
	4,878
	111.7

	Standard Oil (California) (Chevron) 
	Bakersfield
	California
	0
	150

	Standard Oil (California) (Chevron) 
	El Segundo
	California
	2,539
	1180

	Standard Oil (California) (Chevron) 
	Richmond
	California
	6,154
	466

	Texaco
	Wilmington
	California
	2,734
	59

	Tidewater
	Avon
	California
	4,072
	0

	Union
	Bakersfield
	California
	0
	138.2

	Union
	Oleum
	California
	0
	64.1

	Union
	Wilmington
	California
	2,562
	0

	Wilshire
	Norwalk
	California
	1,113
	0


Allied Avgas 100 Production
While it is true that the U.S. produced over 80% of the aviation gasoline, the war effort could not have continued without the contribution of the plants and facilities outside the United States. The following table however does illustrate the major contribution of the U.S. production.
Table 9. Avgas 100 Allied Production (Millions of barrels from 1942 to Aug 1945
	Year
	1942
	1943
	1944
	1945 (to August)

	United States
	29.3
	64.6
	143.2
	116.8

	Foreign
	7.3
	10.8
	21.4
	17.2

	Total
	36.6
	75.4
	164.5
	134.0

	% Total from U.S.
	80%
	86%
	87%
	87%


The main contributors to the foreign production were the Caribbean (5%), Persian Gulf (4.8%), United Kingdom (3%), with Canada (0.5%) 
Graph 6. Total Allied Avgas 100 Production 1942 to August 1945 (Thousand barrels per day)
[image: ]
The above graph illustrates the Total 100 Aviation Gasoline production from 1942 to August 1945. (Source of data: Table II Aviation gasoline report to the (U.S.) War Production Board (Final report of PAW September 29, 1945. The data from Caribbean, Persian Gulf and United Kingdom was not available from January to September 1942.
[bookmark: _Toc54362286]Supply of Aviation Fuels - Aviation Petroleum Products Allocation Committee
Even after the 100-Octane aviation gasoline was made there were still hurdles to overcome. In the January 16, 1942 report by PAW to the U.S. War Production Board (WPB) it was pointed out that even at this early stage, urgent demand was 20% in excess of current manufacturing capacity and that there was a need for an authoritative body to coordinate this limited supply with the demands for this gasoline. 
APPAC – United States
In March 1942 the US Government set up the Munitions Assignments Committee (Air), a combined military body set up under the Munitions Assignments Board to control the distribution of aircraft and aviation ordnance, established as a sub-committee was the “Aviation Petroleum Products Allocation Committee” (APPAC) with the direct responsibility for assigning available supplies of all finished aviation fuels of 87-Octane or above, and components thereof (except Tetraethyl Lead) from United States controlled sources.
The membership of APPAC consisted of representatives of:
PAW (Executive Secretary was PAW Aviation Officer)
U.S. Army Air Forces
U.S. Army-Navy Petroleum Board
U.S. Navy
Royal Air Force Delegation
U.S. President’s Soviet Protocol Committee
Office of British Petroleum Representative
APPLAC - London
For the British side, a similar body was required, and this was the “Aviation Petroleum Products London Assignment Committee” (APPLAC) which was established in London to assign the production of those facilities under British control – the British refineries in the Caribbean and the Persian Gulf.
APCC – Local Operations
Local Aviation Petroleum Coordinating Committees (APCC) were set up in the principal overseas areas of consumption. These committees consisted of representatives of all commands operating within the area, with local oil company representatives as advisers. The APCC groups consolidated all requirement information and submitted monthly reports to APPAC and APPLAC containing actual consumption rates, receipts, losses, actual stock on hand, estimated forward consumption rate, and other data by grades for all forces (both military and civilian) operating within the respective areas. This information permitted intelligent appraisal of forward stock positions and served as a guide for assignment actions. After assignments had been granted, shipments made, and supplies received, the APCC groups controlled the ultimate distribution of the fuel within the area. There were APCC groups in:
United Kingdom
North Africa
West Africa
South Africa
Middle East
India
Australia
New Zealand
Brazil
Latin America
There were subcommittees in East Africa, Ceylon (Sri Lanka), Brazil and Iceland. In military zones where no APCC was established, the same function was performed by the local area petroleum officer (United States).
Close coordination with Foreign Economic Administration and the Ministry of Economic Warfare was maintained in the control of supplies which it was agreed might be made available. Lend-Lease requirements, in areas where no coordination body existed, were cleared through the U.S. Navy. 
Canadian requirements and pertinent data with respect to supply needs were received from the Oil Controller of Canada.
APPLAC assigned supplies from British sources on a short-haul basis and advised APPAC of actions taken. APPAC then supplemented these arrangements, if necessary, and assigned supplies from U.S. sources to other destinations in depending on relative urgency and available supplies. Complete information on available supplies of all critical grades of aviation fuel and components was provided by the PAW.
After assignments were approved by APPAC and ratified by the Munitions Assignment Committee (Air) and the Munitions Assignments Board (MAB), PAW coordinated with the procuring agency in awarding supplies for lifting from individual refineries in accordance with these assignments to meet designated shipping schedules. It must be recognised that in contrast to the Axis, the majority of allied aviation fuel was made in the United States but the war theatres were all outside the U.S., - overseas in Europe, North Africa, and the Pacific, therefore all supplies had to be shipped by oil tankers to support the Allied war effort. PAW also authorised the various suppliers involved to release the assigned amounts, and reported the quantities of fuel lifted as soon as complete data was available after the close of each month. Thus, a rigid control over all shipments under approved allocations was maintained. Authority for the detailed assignment of aviation fuel required by non-military users in the United States was delegated by APPAC to its Executive Secretary, the PAW Aviation Officer. The staff required to perform the necessary statistical and clerical duties for the Executive Secretary was provided by PAW. 
[bookmark: _Toc54362287]Urgent Fuel Demands
So great was the demand of the Allies and its armed forces for aviation gasoline that it was inevitable that there would be periods of critical shortage. One of these was threatened in July 1943 when these was critical need for more fuel. [In June 1943, the Allied air forces had commenced major offensives with the Royal Air Force making the first shuttle-bombing raid between England and North Africa, and the United States Eighth Air Force commencing its first large-scale daylight raid on Ruhr area in Germany]. 
Increase TEL Content Again
There was one way – to increase the lead level of aviation gasoline still further from the increase undertaken in 1942; this time increase the Tetraethyl Lead from 4 ml/US Gallon to 4.6 ml/USG. The armed services hesitated, but the change was accepted, as a temporary measure, and it produce a much needed increase in fuel availability. The concern of the armed services was that increased lead content may cause spark plug fouling and thus require increased aircraft engine maintenance and reduced efficiency. 
Cumene Substitute - Xylidene
An additional measure involved the use of Xylidene as a blending agent (as a substitute for Cumene) – this was known as ‘CS’ or ‘Cumene Substitute’. It was possible to make an aviation fuel which was approved by the U.S. Army for use within continental United States which use only 80% of 100-Octane aviation gasoline, 1% of ‘CS’ and 19% of 91-Octane gasoline thereby releasing the higher grade of aviation fuel for overseas combat areas. This began on a small scale in September 1943 and continued on a limited availability through to October 1944. 
Relaxation of Specifications
Following the Normandy D-Day landings on June 6 1944, about June 15, 1944 there came another urgent demand for ‘more fuel quickly’ to rebuild stocks in combat areas, because actual consumption had so far outrun the estimates. The situation had been created by successes in the war. Allied aircraft were flying far more and further than expected. In the United Kingdom theatre alone, actual consumption for a time was as much as a 50% higher than anticipated, reflecting the intensive air operations that preceded the invasion of Europe. However, it should be remembered that it was also suspected that the British demands were often inflated for reasons previously explained. The situation called extraordinary measures – one of them was the temporary relaxation of certain specifications for aviation fuel to be used in certain combat theatres, as well as in training. This was a 99/100 grade of aviation fuel.
Borrow Butylenes from the Rubber Program
Synthetic rubber manufacture required Butadiene as a feedstock, and the petroleum industry was scheduled to supply about two-thirds of the Butadiene for this synthetic rubber program. Much of the Butadiene from petroleum was to be produced from ‘Butylenes which was also used in the alkylation process to make alkylate blendstock for 100-Octane aviation gasoline. So, at the request of the U.S. Army and U.S. Navy, the Director of the Rubber Program agreed to divert 400,000 barrels of butylenes to the 100-Octane program, and this material was used for the manufacture of 100-Octane gasoline blendstocks up until November 1, 1944. This action yielded up to an additional 10,000 barrels per day of much needed aviation fuel.  All of these actions played their part – more lead, Xylidene, use of 99/100 grade in certain combat areas, and diversion of butylenes – but the principal measure in bridging the imbalance between demand and production was the use, in training, of the 91-Octane and 87-Octane grades of fuel, which proved to be entirely adequate for the purpose. 
[bookmark: _Toc54362288]U.S. Refining Industry
The U.S. refining industry in 1941 consisted of approximately 400 refineries, distributed across the country ranging in capacity from as low as 50 barrels per day (8,000 litres/day) to well over 100,000 barrels per day throughput (16 million litres/day). [In 1999, the largest 15 refineries in the world had capacities ranging from 400,000 BSD to 817,000 BSD]. In 1941 the largest concentration of refineries was in the Texas and Louisiana Gulf Coast, the New York-Philadelphia area, the areas around Chicago and St. Louis, and California.
World -wide Avgas production [endnoteRef:9] [9:  “Petroleum Manpower”-1944 Petroleum Administration For War, US Department of Labor, Bureau of Labor Statistics. Sourced from API Library Washington D.C. U.S.A.] 

In December 1941, the total world production of 100-Octane Aviation Gasoline (excluding the Axis Powers) was 59,000 barrels/day (3,424 M.Litres/yr.) and this included 7 foreign plants. There were 17 plants in the U.S. making ‘Aviation Super Fuel’ (the common name for 100-Octane Aviation Gasoline) and they were located in the following U.S. States:
California (6)	(Los Angeles - 3 [1, 2, 3]) (San Francisco 3 [4,5,6])
Texas (3)	(Houston -2 [10,11]) (Amarillo -1 [12])
Louisiana (3)	(Baton Rouge -1 [8], Lake Charles (Cities Service Refinery) [9], New Orleans -1 [7])
Oklahoma (1)	(Tulsa -1 [13]
Missouri (1)	(St. Louis -1 [14]) 
Illinois (1) 	(Chicago -1 [15])
Michigan (1)	(Detroit -1 [16])
New Jersey (1)	(Paulsboro area?) [17]
By August 1944, production: was 500,000 barrels/day (29,017.5 M.Litres/yr.) and included 11 foreign plants. There were 53 U.S. plants producing Aviation Fuel (map 55 plants), and 15 plants producing aviation fuel blending components. These were located at: 
California (11)	(Los Angeles - 3 [1,2,3], Bakersfield [18], San Francisco 3 [4,5,6], Fresno [19], San Diego -3 [21,22,23])
Texas (17)	(Amarillo -1 [12]) Galveston-Houston-Corpus Christi (14) (Humble Baytown & Ingleside) [7,8,9,10,11,35,36,37,38,39,40,41,42,43] Dallas (2) [31,32])
Louisiana (3)	(Baton Rouge -1 [8], Lake Charles (Cities Service Refinery) [9] New Orleans -1 [7])
Oklahoma (1)	(Tulsa -3 [13,27,28]
Missouri (3)	(St. Louis -3 [14,45,46] 
Illinois (1) 	(Chicago -1 [15])
Michigan (2)	(Detroit -1 [16], Saginaw [48])
New Jersey (1)	(Paulsboro area [17])
Colorado (1)	(Denver [24])
Nebraska (1)	[25]
Iowa (1)	[26]
New Mexico (2)	[33,34]
Kansas (2)	(Wichita/Independence [29], Kansas City [30])
New York (1)	(Buffalo -1 [50])
Pennsylvania (3)	[49], [51,52]
Kentucky (1)	[47]
East Coast (3) 	New York, Connecticut, Rhode Is. Massachusetts. (3) [53,54,55]
[bookmark: _Toc54362289]Canadian Refining Industry
With the exception of the Canol Refinery at Whitehorse (Yukon Territory), the only wartime plants constructed in Canada with PAW involvement were some small aviation gasoline units which were brought into operations during 1943, these were: 
560 BSD alkylation plant at Calgary, Alberta (Imperial Oil Limited)
1,020 BSD alkylation plant at Montreal, Quebec (Shell Company of Canada)
Three small Cumene plants (two at Montreal and one at Sarnia, Ontario) with a total output of 545 BSD
Lubricating oil plant (British American Oil Company)
Pilot plant for the recovery of oil from the Athabasca tar sands.
[bookmark: _Toc54362290]Coordination with British Refineries
One interesting phase of the wartime refining program was the coordination of operating schedules for the manufacture of aviation gasoline in United Kingdom plants with those in the United States. One of the British plants operated largely on Creosote from coal (Heysham?) whereas others were dependent upon imported feedstocks (Stanlow - Octylenes from Curaçao). Through continued exchange of technical information, as well as exchange visits, the operation of these plants was closely meshed into the overall program. For example, at one time there was excess hydrogenation capacity which became available in the UK was used to process excess Codimer shipped from the U.S. when the large Baton Rouge hydrogenation plant was being used in the Cumene Substitute program. According to PAW by coordination and continuing readjustment of feedstocks the output of British aviation plants was increased by as much as 20%.
[bookmark: _Toc54362291]Planning for Liberated Areas
Long before the liberation of enemy occupied territories, the foreign refining division of PAW had developed with the companies concerned plans for the rehabilitation of their refining facilities. Through intelligence reports and aerial photographs, the condition and operation of occupied refineries was followed throughout the period before liberation. As a result, priority applications for rehabilitation equipment were well advanced before liberation. In conjunction with the companies and with members of the Free-French missions, the foreign refining division obtained approval from the Foreign Petroleum Committee of plans to operate the French Mediterranean refineries on crude oils from Iraq and Saudi Arabia. As a result, initial operations started at one refinery in September 1945, and at another shortly thereafter. As early as 1942, the Foreign Operations Committee (FOC) was requested to appoint subcommittees to make recommendations on the rehabilitation of the New Guinea oil fields, and on the refining of crudes from these fields.
Thus, the combined techniques and experiences of the companies in the area were pooled, and the recommendations of these FOC subcommittees were utilized in the basic planning of the Government rehabilitation committee which developed the final arrangements. The British and Dutch interests were represented on this Government committee.
[bookmark: _Toc54362292]Russian Refining Program
The functions of the foreign refining division with reference to Russia were fundamentally different from those with respect to other countries. The Russian requirements and refining schedules were not incorporated in the United Nations world program except where it was required to provide petroleum products under the Lend Lease program. PAW did play a major part in assisting the Russians in connection with their refinery expansion program, although this would be delayed initially by unsuccessful attempts to get the Russians to supply technical information and Russian technologists essential to the working of a practical detailed program.
[bookmark: _Toc54362293]Benzol from Britain
In September 1942, the foreign refining division initiated the idea of importing benzol from the United Kingdom for use in the manufacture of Cumene (for blending 100-Octane gasoline), and Styrene (for use in making synthetic rubber). A regular importing program was started in November 1942 and continued throughout the war. A similar program was developed for the shipment of coke-oven benzol from Australia to the Californian refineries. It was replaced by the allotment of equivalent amounts of motor gasoline to Australia.
[bookmark: _Toc54362294]Oil Missions Abroad
In coordinating the United Nations oil program PAW undertook a number of missions abroad including Mexico, Australia, South America, the Middle East (1943), liberated countries of Europe, and China (1945). Each of these missions was a story in itself and unfortunately must be left for others to tell. 
One proposal from PAW was a mission to tap the technical oil knowledge of the enemy. This was subsequently formed under the Joint Chiefs of Staff as the Technical Industrial Intelligence Committee (TIIC) to supervise all missions seeking technical information in Europe. Director Snodgrass of PAW’ foreign refining division was made chairman of the fuels and lubricants sub-committee of TIIC. The work of this sub-committee relevant to aviation fuels is discussed in later chapters. It is suffice to note that considerable information was gained on the German chemical and oil industries.
[bookmark: _Toc54362295]Overseas Phase of Wartime Refining
In addition to its activities on the mainland of the Unites States, PAW was also involved in the activities of overseas refining operations, in particular those in the Caribbean and West Indies, and the Middle East. There was also support for the Russian oil industry. These activities are discussed in latter chapters.
[bookmark: _Toc54362296]Oil Companies and Refineries
The war brought a new dimension to oil companies and their trading. That dimension was foreign country balance of payments. This divided the Allied countries into “Sterling” and “US Dollar” operations, and this would play an important part in British thinking is determining where avgas would be produced and supplied. The Axis countries acquired their stocks by seizure as acts of war. 
During the war years there was much patriotism by the oil companies to demonstrate their particular contribution to the war effort. There was also a need to justify to the general public why there was a shortage of motor gasoline for domestic use and to build the morale of those left at home to build and run the 100-Octane plants. Here are some examples of the period
Canada 1943
Source: “October 1906-1943” from British American Oil Company - WWII publicity brochure. From API Library Washington DC
British American Oil Company Clarkson Refinery - 1943
This refinery produced high-octane gasoline (to the exclusion on motor gasoline) and aviation lubricants. Consumption of Avgas in Canada rose over 100 times from 1938 to 1943. This may be due in part to the British Commonwealth Air Training Plan which opened the first eight schools in June July 1940.
Montreal Refinery (opened 1935?) (and marine storage).
Moose Jaw Refinery, Saskatchewan in the heart of the prairies
Calgary Refinery (Imperial Oil Limited), Alberta
Crude source - Turner Valley Crude 1936 (was a naphtha field as well)
Toronto Refinery (and marine storage) opened in 1925 Capacity 3000 barrels/day (Source: Facts & Figures 1925 API publication) 
Cities Service Refinery - Lake Charles, Louisiana-1944
Source: “Cities Service Refinery” advertisement 1944 from API Library Washington DC .
“One of the World’s largest 100 Octane, Butadiene and synthetic rubber plants”. Lake Charles is east of Beaumont Texas.
Process Units: Topping units, Catalytic Cracking Units (3), Gasoline Recovery & Fractionation Unit, Straight Run Fractionation & Thermal Reforming, Alkylation Units (2), Ethylizing Plant (Alkyl Lead Blending), Treating Units, Acid Plant, Deasphalting Plant, Butadiene Plant, Firestone Plant.

Humble Baytown Refinery, Texas 1944
In 1944 the war effort of the Humble Baytown Refinery in Texas exceeded 1 billion gallons (USG) production of aviation gasoline. The milestone was recognised and commemorated with of a bronze medal in 1944. The citation reads as follows:
“TO THE MEN AND WOMEN OF HUMBLE OIL & REFINING COMPANY COMMEMORATING THEIR PRODUCTION OF ONE BILLION GALLONS OF 100 OCTANE GASOLINE AT BAYTOWN REFINERY’, and
“YOUR ACHIEVEMENT IN PRODUCING A BILLION GALLONS OF 100 OCTANE GASOLINE HAS GREATLY CONTRIBUTED TO THE GAINING OF AIR SUPREMACY OVER OUR ENEMIES – Signed H.H. ARNOLD GENERAL U.S. ARMY COMMANDING GENERAL ARMY AIR FORCES”
Photo 9. Humble Baytown Refinery – Alkylation Unit
[image: ]

Photo 10. Humble Baytown Refinery medallion 1944
[image: ]

Photo 11. Atlantic Union Oil poster from 1946 showing their contribution to the War effort. 
[image: ]
[bookmark: _Toc54362297]
Epilogue for 100 Octane Program
Ultimately, in spite of all obstacles, the 100-Octane Program emerged as a spectacular success. By November 30, 1944, the billion-dollar new facilities program was 95% completed, while within the U.S. it was 99% completed with only remaining three projects completed by March 1945. In the foreign program, there were three projects unfinished due for completion by mid-1946, however the war was to finish in August 1945 and they ceased to be war projects.
The manufacture of 100-Octane aviation gasoline domestically in the U.S. had increased from just over 40,000 barrels per day (6 million Litres/day) at the start of 1942 to a peak of 514,000 barrels per day (82 million Litres/day); while the output American and allied refineries abroad, principally in the Caribbean and the Middle East went from approximately 15,000 barrels per day (2 million Litres/day) to over 85,000 barrels daily (14 million Litres/day). 
The U.S. production of all grades of aviation gasolines: 100-Octane, 91-Octane and 87-Octane, reached 584,000 barrels daily (93 million Litres/day). Not only had the quantity increased thirteen- fold, but the quality was vastly improved. So great was the improvement during the first two years of the war (1942-43 for the U.S.) that bombers could carry greater loads and fly further, and fighter aircraft were able to take off in less distance, fly faster, climb faster and reach ceiling higher than from the pre-war 100-Octane fuel. 
The U.S. Government investment was approximately US$236 Billion, a considerable sum for the 1940’s; this was spent on 29 installations of which the principal units were 14 catalytic crackers, 19 alkylation units, and 15 isomerization units. In addition, there was the investment made by the oil industry as private ventures and expansions which also added greatly to the 100-Octane program.
The disposal of these government funded installations became a problem of the Surplus Property Administration, and this is discussed in further chapters.

PAW Closes 1946 – Ickes & Davies honoured.
After the war, the contributions of Harold Ickes (Petroleum Administrator for War) and his deputy, Ralph Davies were honoured with a testimonial dinner by the Petroleum Industry War Council in Washington on 23 October 1945. Petroleum Industry War Council Dinner. This event was celebrated with the casting of a bronze medal. 
Photo 12. Commemorative Medal for Testimonial Dinner by PIWC for Harold L. Ickes & Ralph K. Davies 23 October 1945
[image: ]
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