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SUMMARY 

The past half-year in the atomic energy program saw the domestic 
production of uranium ore and uranium concentrates attain record 
levels, while production from foreign sources continued to increase. 
Exploration activity by the Commission, other Government agencies 
and by private mining firms and individuals stood at an all-time high 
in the United States. 

Increased availability of raw materials, along with startup of new 
plant capacity, and operational flexibility of the Nation’s complex of 
production facilities resulted in a sharp rise in the production of 
fissionable materials, at lower unit cost. 

During the 6 months, plant capacity continued to  be enlarged, as a 
number of the components of the Savannah River, S. C., construction 
project were placed in operation, and construction of additional 
reactor capacity at Hanford, Wash., proceeded on schedule. Also, 
the first gaseous diffusion plant and portions of a second plant at 
Paducah, Ky., went into operation, while an addition to the Oak 
Ridge, Tenn., gaseous diffusion plant was partially completed. Con- 
struction of the new plant at Portsmouth, Ohio, proceeded satisfactorily. 

Largely as a result of this progress in construction, capital invest- 
ment in atomic energy plant facilities was estimated to have reached 
about $5.7 billion. 

The weapons research and development program included a success- 
ful test series (Operation CASTLE) conducted at the Pacific Proving 
Ground during the period of this report. Data on radiation exposures 
resulting from the tests are included in this report. 

A contribution to national civil defense was made through the 
declassification and public release of “Operation IVY”-official film 
of the test of a thermonuclear device at the Pacific Proving Ground 
in 1952. 

Progress continued in the Commission’s program of developing im- 
proved reactors for industrial nuclear power and for naval and aircraft 
prqulsion and other military requirements during the first 6 months 
of 1954. In a report submitted to the Joint Congressional Committee 
on Atomic Energy the AEC presented a specific pattern of research 
a d  development to  be followed during the next 5 years in a major 
effort to decrease the cost of power generation with nuclear fuels. It 
would allow increased participation by contractors presently in the 
reactor program and encourage additional groups outside the Com- 
mission to participate. 

VII 
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The longest practical step yet taken toward the goal of civilian 
power was the attainment of an  agreement with the Duquesne Light 
Co. of Pittsburgh for partial financing of construction of a 60,000- 
kilowatt version of the pressurized water reactor for operation by the 
company. Development work and design of the reactor is being 
carried out by the Westinghouse Electric Corp. under contract with 
the Commission. Ground for the new plant, the Nation’s first full- 
scale power reactor will be broken this year. 

The AEC’s work on the power plant for the USS Nautilus, the first 
nuclear powered submarine, whose hull was launched by the Navy on 
January 21, neared completion and the prototype for the second nu- 
clear submarine, the USS Sea Wolf, also was nearly completed. 

The mounting interest among industrial concerns in development of 
nuclear power was evident in the addition of 5 industrial teams survey- 
ing reactor technology and studying reactor designs in research and 
development during the past 6 months. This brought the total of 
such teams to 13. 

Physical research in atomic energy resulted in growth of scientific 
knowledge, while possibilities for further progress through research 
remained large. Two new research reactors will be in operation in 
two of the national laboratories during the year; while 3 new accel- 
erators went into operation and 2 others were in the design stage. 
Interest in research reactors was stimulated at the University Re- 
search Reactor Conference held in Oak Ridge in February by an 
announcement of AEC policy on lending fissionable material to non- 
profit institutions for use in research reactors. 

In the field of biological and medical applications progress was 
reported on studies of the effects of all types of ionizing and non- 
ionizing radiations on man, animals, and living plants. Emphasis 
was given to the investigation of the relative biological effectiveness 
of high energy particles as compared with X- and gamma-rays. A 
series of very useful public hearings on present and potential peaceful 
uses of atomic energy was held by the Subcommittee on Research and 
Development of the Joint Committee on Atomic Energy during the 
spring of 1954. The hearings presented information on the contri- 
butions of atomic energy and its byproducts to agriculture and to 
the medical sciences. 

In its community operations, the Commission’s proposed legislation 
to facilitate the establishment of local self-government and to provide 
for disposal of federally owned properties at Oak Ridge, Tenn., and 
Richland, Wash., was introduced in Congress on April 1. 

On June 30 the term of Commissioner Eugene M. Zuckert expired. 
M i .  Zuckert was appointed to the Commission on February 25,1952. 

In the staff, a number of positions in the Office of the General 
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Manager were filled to provide for closer coordination in the work of 
atomic energy during the period of rapid development ahead. R. W. 
Cook (employed in the project since 1944) was named Assistant 
General Manager for Manufacturing and Alfonso Tammaro (employed 
in the project since 1943), Assistant General Manager for Research 
and Industrial Development. Two new Assistants to the General 
Manager-Harry S. Traynor and Paul S. Foster-were appointed. 
E. J. Bloch succeeded Mr. Cook as Director of Production and John 
A. Derry succeeded Mr. Bloch as Director of Construction and Supply. 
John J. Flaherty left the San Francisco Operations Office to succeed 
Nl[r. Tammaro at the Chicago Operations Office and H. A. Fidler was 
appointed Manager of the San Francisco Office. Allan C. Johnson 
succeeded L. E. Johnston as Manager of the Idaho Operations Office. 
Following reassignment of the duties of the New York Operations 
Office to provide for closer integration of the production program, 
Henry B. Fry left that office to become the Assistant Manager for 
Administration and Services of the Santa Fe Office and was succeeded 
by Merril Eisenbud. Carroll L. Tyler was succeeded as Manager of 
the Santa Fe Office by Donald L. Leehey. 

es 



Raw Materials 
The rate of production by all solirces of uranium concentrates was as 

during the first half of 1954. Foreign sources continued to 
provide a substantial quantity of the raw material needed for the atomic 
energY program. New foreign sources increased their production. 
The domestic uranium mining industry was at its highest state of 
activity to  date, and exploration for and production of uranium on the 
Colorado Plateau reached record proportions. Research and process 
development studies into new and improved methods of finding and 
extracting uranium from low grade as well as commercia1 grades of 
uranium-bearing materials, continued to yield useful results. 

DOMESTIC PRODUCTION 

Production of uranium ore and uranium concentrates in the United 
States attained record levels in the past 6 months. Interest in pro- 
specting for uranium increased significantly, being stimulated by several 
recent discoveries of large uranium ore bodies. Many large and long- 
established mining companies showed greater interest in this strategic 
material and entered the uranium mining industry. With the advent 
of more large mines-uranium mining is becoming more stable and 
modern, large-tonnage mining methods are coming into wider use. 

Ore Production 

By May 1, 1954, some 430 mining operators were producing and 
delivering uranium ore from 530 mines in the United States, with the 
Colorado Plateau remaining the most important source of domestic 
uranium production. Nearly all of the large ore bodies discovered in 
the past 2 years are located in this area. A t  one time there were only 
4 known uranium deposits containing ore reserves in excess of 100,000 
tons of ore. Now there are known at least 15 such large ore bodies, 
and several of these greatly exceed 100,000 tons. 

Uranium mineralization is now known in at least 18 different strati- 
graphic horizons on the Colorado Plateau. Important uranium 
production is being derived from 5 of these formations. The Salt 
Wash member of the Morrison formation, occurring throughout the 
Plateau and at one time the only producing horizon, continues to be 
an important producer. Intensive exploration in recent months 
expanded the producing areas of this formation. Other important 
producing formations include the Shinarump, Chinle, and Moenkopi 

1 
c; ,-, -, -7 r2 , L- 



2 JANUARY-JUNE 1 9 5 4 

in the Monument Valley, White Canyon, Green River Desert, Big 
Indian Wash, and San Rafael Swell areas of Arizona and Utah, and 
the Todilto limestone of the Zuni and Lucero Uplift between Albu- 
querque and Gallup, N. Mex. Vanadium producing ores of the En- 
trada formation near Rifle, Placerville, and Rico, Colo., have also 
produced by-product uranium. 
Off the Colorado Plateau, the following contain uranium minerali- 

zation: The Wasatch formation in the Powder River Basin and Red 
Desert areas; the Wind River formation on the western slopes of the 
Gas Hill anticline; the Brown’s Park formation of Carbon County; 
and Pre-Cambrian rocks near Lusk, all in Wyoming. The Wasatch 
and Pre-Cambrian rocks on the Plateau have yielded some production. 
The Lakota and Fall River formations, in the area in South Dakota 
and Wyoming surrounding the Black Hills, have been a source of 
production for several years. 

The Lehigh Coal and Navigation Co. in Eastern Pennsylvania 
recently announced plans for the production of uranium from a small 
ore body the company has developed near Mauch Chunk. This will 
be the f i s t  uranium production in the eastern part of the United 
States. 

The Marysvale district of Utah is still the only important source of 
uranium production from primary vein-type deposits, although 
deposits of this type also occur throughout the Rocky Mountain area. 
Active exploration and development are proceeding in several regions, 
notably the Boulder Batholith of Montana, the Colorado Front Range 
of Colorado and several isolated points in Arizona, Nevada, and 
California. 

Ore Processing 

The discovery and development of several large ore bodies has 
created a need for additional ore processing facilites on the Colorado 
Plateau. Ore reserves are now at an alltime high and ore production 
is expected to  exceed the present level of output during the next few 
years. Ground was broken in January by Kerr-McGee Oil Industries, 
Inc., for a new ore-processing mill at Shiprock, N. Mex., to treat ores 
produced in the nearby Lukachukai and Carrizo Mountain areas. 
The completion of this mill, expected late this year, will bring to 9 
the number of mills currently in operation on the Colorado Plateau. 

Construction by the Anaconda Copper Mining Co. of an additional 
milling unit to  treat sandstone-type ores produced in the Grants, 
N. Mex., area commenced in May. The existing plant at Bluewater, 
N. Mex., for limestone-type ores was completed by Anaconda Iast 
September and now is in full operation. 
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Additional new mills are planned to treat the ores of the Big Indian 
Wash district in the vicinity of Moab, the ore from the Jo Dandy ore 
body near Bedrock, Colo., and to treat the White Canyon ores at 
Hite, Utah. Construction of these mills is expected to commence 
this year. Expansion of existing facilities is being considered by 
Vanadium Corp. of America, by Climax Uranium Co., and by Vitro 
Uranium Co. The Commission also plans to expand its Monticello, 
Utah, mill to treat the various types of ore mined in that region. 

The AEC, in May, established a provisional uranium ore-buying 
station at Moab, Utah, to provide a market for ores produced in the 
Big Indian Wash area, while a new crushing and automatic sampling 
plant, to  be completed later this year, is under construction. This 
will also build up a stockpile of ore for the projected mill at Moab. 
Construction was also commenced, in June, on an ore-buying station, 
to be completed in August, in White Canyon, 15 miles east of Hite, 
Utah, to encourage ore production in that area. The stations will be 
operated for the Commission by the American Smelting and Refining 
Co., which operates the Commission’s ore-buying depots at Monticello 
and Marysvale, Utah, Shiprock, N. Mex., and Edgemont, S. Dak. 
Improved equipment was installed at the Edgemont station to  accom- 
modate the handling of railroad shipments from distant points in 
Wyoming and from other areas. 

Uranium From Phosphate 

In April and May the third and fourth plants for byproduct recov- 
ery of uranium from Florida phosphate rock were completed by the 
International Minerals and Chemical Corp. at Bartow, Fla., and by 
the Virginia-Carolina Chemical Corp. at Nichols, Fla. These plants 
will begin continuous production shortly. The Commission is ne- 
gotiating with several other phosphate chemical firms for the construc- 
tion of additional facilities for this purpose. 

Uranium Leases 

On January 29, the Commission issued Domestic Uranium Program 
Circular 7, providing for the issuance of uranium mining leases on cer- 
tain public lands covered by oil and gas leases issued under mineral 
leasing laws. Such lands are not open to mineral entry under the 
mining laws. The circular is designed to encourage private companies 
and individuals to develop and produce uranium bearing ores from 
these public lands. A large amount of land in the Western United 
States, where active uranium prospecting is taking place, is covered 
by such leases. Public Law 250, 83d Congress, signed by the Presi- 
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dent on August 12, 1953, provided means for validating mining loca- 
tions staked subsequent to July 31,1939, and prior to January l, 1953, 
for uranium on lands covered by oil and gas leases. This statute did 
not, however, provide for validation of mining locations for uranium 
on such lands after January 1, 1953. Circular 7 establishes a means 
for the uranium prospector to  produce uranium found on these lands. 
The leasing program is administered by the Commission's Grand 
Junction Operations Office. 

Land Withdrawals 

The Department of the Interior announced early this year that over 
105,000 acres of public land in Colorado and Utah, previously with- 
drawn from public entry for AEC use, had been restored to the public 
domain. The lands were returned by the Commission because no 
significant uranium deposits were found there. From time to time 
the Commission has requested the withdrawal from public entry of 
lands that are not being actively explored by private interests, which 
i t  believes are favorable to uranium exploration and which i t  wishes 
to explore. Lands found to contain uranium are leased by AEC for 
mining as Government-controlled land. . 
Leases on Government-Controlled Lands 

A program for granting leases on uranium-bearing Government- 
controlled lands has been sponsored by the Commission for several 
years. The Grand Junction Operations Office of AEC maintains an 
active file of applicants for leases. As lands become available for 
leasing, the qualifications of each applicant are considered by a com- 
mittee of AEC mining engineers and the best qualified applicant is 
selected as the lessee. To date 41 such leases have been issued. The 
production from these leases constitutes an important source of ore. 

Bonus Program 

Under the terms of the Commission's Domestic Uranium Program 
Circular 6, providing for the payment of a bonus for the production 
of the initial 10,000 pounds of U,Os (uranium oxide) contained in ores 
produced from certain eligible uranium mines on the Colorado P!ateau, 
over $3,600,000 has been paid out in bonus awards. These awards 
ranged from $15,000 to $35,000. Payments have been made to 379 
certified mining properties, and some 64 properties have received 
full benefits under the circular. 
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MAJOR ACTIVITIES 

FOREIGN PRODUCTION 

5 

Production of uranium by various foreign sources continued to in- 
crease during early 1954 with newer suppliers becoming more impor- 
tant. 

Belgian Congo 

The Shinkolobwe mine in the Belgian Congo remained an important 
Source of uranium for the atomic energy program. 

Canada 

Canada continued to be the center of intensive widespread pros- 
pecting activity. Production and deliveries of uranium from the 
Eldorado mine on Great Bear Lake in the Northwest Territory were 
according to schedule. This mine-operated by the Eldorado Mining 
and Refining Co., a Crown company-has been a steady source of 
uranium for the atomic energy program. Eldorado’s Ace mill in the 
Lake Athabaska region of Saskatchewan was in continuous production. 
A substantial expansion program is planned for completion late this 
year. Arrangements have been made for treating ore from neigh- 
boring mines as well as from Eldorado’s properties. Exploration and 
development activity at a number of other properties in the area may 
produce additional important discoveries. Gunnar Mines, Ltd., con- 
tinued developing its deposit in the Lake Athabaska area and planned 
the construction of a large mill on its property. 

Favorable results were obtained from extensive exploration under- 
way in the Blind River area of Ontario. Ore occurs in a conglomerate 
bed at the base of the Mississagi quartizite, and more than 70 miles of 
outcrop are being explored by a number of companies. Pronto 
Uranium Mines, Ltd., is developing a large ore body in this formation 
near Blind River, and is considering plans for a treatment plant. 
Algom Uranium Co. is proceeding with development of two promising 
properties, the Quirke Lake and the Nordic, on other sections of the 
uranium bearing conglomerate to the north of the Pronto properties. 

South Africa 

Uranium receipts from South Africa reached important proportions 
since the start of production in October 1952. The sixth plant to 
recover uranium on the Witwatersrand, was placed in operation by 
Randfontein Estates Gold Mining Go. in February. Several addi- 
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tional new plants are scheduled for completion and initial production 
later this year. 

Australia 

In South Australia construction of the Port Pirie ore concentrator 
to treat ore from Radium Hill is expected to be completed late in 1954. 
Another uranium deposit in this region at  Myponga in the Adelaide 
Hills, 35 miles south of Adelaide, is being explored. A t  Rum Jungle 
in the Northern Territory, the White’s and Dyson deposits were being 
developed, and the processing mill under construction is scheduled for 
completion late this fall. In preparation for the opening of the mill, 
ore is being produced from both properties and stockpiled by Territory 
Enterprises Proprietary, Ltd. 

DOMESTIC EXPLORATION 

During early 1954 exploration activity by the Commission, other 
Government agencies, and by private mining firms and individuals 
stood at an alltime high on the Colorado Plateau and elsewhere in the 
United States. 

Drilling 

AEC, and the U. S. Geological Survey and Bureau of Mines on 
behalf of the Commission, drilled approximately 500,000 feet. Dril- 
ling by private interests was estimated at an additional 500,000 feet. 
Government drilling is largely exploratory and investigative, estab- 
lishing the presence of uranium ore bodies. 

Airborne Radioactivity Surveying 

Airborne radioactivity surveying was expanded by Government and 
private exploration groups. This method is used in prospecting 
broad areas for radioactive deposits. Necessary steps in perfecting 
this means of prospecting were: the development of highly sensitive 
scintillation detection equipment; adoption of radar altimeters to 
correct radioactivity measurements for variations in altitude due to 
topographic change; and establishment of systematic surveying 
techniques. 

The AEC has already conducted surveys in parts of Arizona, 
CaIifornia, Colorado, Montana, Nevada, New Jersey, New’ Mexico, 
New York, Pennsylvania, South Dakota, Texas, Utah, and Wyoming. 
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Results of these surveys are released through the posting of base maps 
showing the location of areas of high radioactivity (anomalies). In 

instances, these are monthly index maps posted at all AEC 
exploration offices, and at certain offices of the U. S. Geological Survey 
and Bureau of Mines. In some cases, they are made available at 
temporary posting points in the areas in which a particular survey is 
conducted. Maps showing the results of surveys carried out by the 
uSGS are released at the conclusion of each project and posted at 
numerous offices of AEC and USGS. Survey projects completed by 
the USGS so far in 1954 include the Black Hills and White River 
Badlands area of South Dakota, Carbon, and Sweetwater counties of 
Wyoming, the Gulf of Mexico beaches and the peripheral area to the 
phosphate fields in Florida, and the Atlantic beaches from Virginia 
to Florida. 

Posting information on monthly index maps is believed to be the 
quickest way for disseminating this information. The Commission 
does not make copies of its maps directly available to the public. 
However, arrangements have been made to make the maps available 
to a number of commerical printing houses for their reproduction and 
sale.’ 

The Commission also prepared a manual “Prospecting With a 
Counter” for the use of uranium prospectors. This handbook-a 
companion volume to “Prospecting for Uranium” of which over 
150,000 copies have been sold-covers the operation, use, and abuse of 
field counters, and their application to prospecting, mining and 
geologic problems. (See Appendix 6, “Publications of the U. S. 
Atomic Energy Commission.”) 

Numerous private planes are engaged in surveying for private firms 
in addition to the Government surveys. Mileage flown so far in 1954 
by the Survey, by the Commission, and by private firms totaled 
approximately 200,000 miles. 

PROCESS DEVELOPMENT 

The Commission continued its search for new and better means of 
recovering uranium from various materials and of developing new ex- 
ploration techniques. Process development work in connection with 
the new mills and expanded facilities planned for the Colorado Plateau 
was animportant phase of this program. Research was also done in 
new geologic techniques and instrumentation, particularly geophysical 
work in connection with airborne radioactivity surveying. 

1 A list of the posting points where the monthly index maps may be examined, and a list of the commercial 
firms which reproduce and sell the maps, may be obtained by writing to the Grand Junction Operations 
Office, U. S. Atomic Energy Commission, P. 0. Box 270, Grand Junction, Colo., or to the Division of Raw 
Materials, U. S. Atomic Energy Commission, Washington 25, D. C. 

303584-66-2 
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Western Ore Process Development 

The Commission’s Raw Materials Development Laboratory at 
Winchester, Mass., and the pilot plant at  Grand Junction, Colo., both 
operated by the American Cyanamid C O . , ~  concentrated on the de- 
velopment of processes for new mills on the Colorado Plateau. Addi- 
tional pilot test work was carried out by the Bureau of Mines and the 
Dow Chemical Co., at the Bureau’s station in Salt Lake City, Utah; 
the Galigher Co. at Monticello, Utah; the Anaconda Copper Mining 
Co. at Grants, N. Mex.; the Climax Uranium Co. at Grand Junction, 
Colo.; the Vitro Uranium Co. a t  Salt Lake City, and other private 
companies. The Bureau of Mines cooperated with Kerr-McGee Oil 
Industries, Inc., in the development of the process for the Shiprock, 
N. Mex., mill. The engineering firm of Knowles Associates assisted 
in preliminary engineering design and equipment layouts for the pro- 
posed plants. Battelle Memorial Institute, University of Nevada, 
University of Utah, and the Colorado School of Mines also con- 
ducted important studies contributing to this program. 

Uranium From Low-Grade Sources 

The Commission continued its studies into the feasibility of ex- 
tracting uranium, and such possible coproducts as phosphate and 
alumina, from the leached zone material overlying the commercial 
phosphate rock in Florida. Pilot plant studies of processes at Inter- 
national Minerals and Chemical Corp. and the Tennessee Valley 
Authority show promise. An independent evaluation of the TVA 
process is nearing completion. Battelle Memorial Institute, the 
Bureau of Mines and Columbia University continued work on the 
Chattanooga uraniferous shale project. 

Production 

A sharp rise in the production of fissionable materials occurred during 
the first 6 months of 1954, because of startup of new plant capacity, 
increased availability of raw materials, and operational flexibility of 
the Nation’s complex of production facilities. Unit cost of production 
of fissionable materials was lower than in the preceding 6-months 
period. 

* Effective July 1, the National Lead Co. assumed responsibility for the operation of the Raw Materiale 
Development Laboratory at Winchester and the pilot plant at Qrand Junction. (See listing in Appendix 3.) 
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j?&,brged Plant Capacitg 

The Savannah River construction project in South Carolina neared 
completion and a number of its components were placed in operation. 
First returns from this $1.5 billion investment are now being realized. 
At Hanford, Wash., construction of additional reactor capacity 
proceeded on schedule. 

The first gaseous diffusion plant at Paducah, Ky., authorized in 
1950, went into full operation, as did portions of the second Paducah 
plant, authorized 2 years later. The addition to the Oak Ridge 
gaseous diffusion plant, authorized 2 years ago, is partially completed. 
Construction of the new plant at Portsmouth, Ohio, proceeded satis- 
factorily. The construction peak there is expected late this summer. 

Operational Flexibilitg 

A characteristic of the atomic energy industrial complex is the 
degree of flexibility that has been built into the system. Operational 
flexibility is available though the reuse of the same source material. 
Given the proper processing facilities, natural uranium can be placed 
in a reactor to produce plutonium and then the depleted uranium can 
be enriched in gaseous diffusion plants by an amount sufficient to 
permit reuse in the reactor. (A possible method for recycling uranium 
is illustrated in the diagram on page 10.) 

This flexibility of operation makes it possible to operate the Nation's 
various production facilities to achieve maximum economic use of 
uranium feed. Sudden changes in needs for specific items of output 
from the system can be met by adjusting the level of operation of 
various plants and diverting material among processes and plants. 

The ability of nuclear reactors to produce materials other than 
plutonium provides further flexibility in the production of atomic 
materials. The units at both Hanford and Savannah River have this 
potential. 

Electric Power for Gaseous Digusion Plants 

Five additional steam electric generating units to provide power for 
the Commission's gaseous diffusion plants were placed in operation 
during the first 6 months of 1954. 

The fourth generator of TVA's Shawnee steam plant began opera- 
tion on January 8, and the third unit of the Electric Energy, Inc., 
Joppa plant on April 18. The Shawnee and Jopps generating stations 
provide power to  the Paducah gaseous diffusion plants. TVA's 
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Kingston plant delivering power to  Oak Ridge placed three generating 
in operation, the first on February 8, the second April 29, and 

, the third June 11. 

process: Development 

At this time it seems useful to note in most general terms the 
unclassified facts about progress made in recent years in this field and 
the technology of production of source and fissionable materials. The 
following gives such a summary. 

The process development program supporting fissionable materials 
production is one of the most rewarding activities carried on by the 
Commission. Major reductions in cost of fissionable materials have 
resulted from these efforts. The program is conducted by contractors 
operating the major fissionable materials production facilities, and is 
analogous to the development and improvement programs pursued by 
progressive private industries. 

Each separate activity in the process development propam is 
required to be economically justified by an existing or foreseeable 
production problem or goal. This feature of the program is in marked 
contrast to research, either basic or applied. Process development is 
in a sense a continuing investment program which, if properly executed, 
should repay the sum invested in a reasonable time with an acceptable 
investment re turn. 

The fissionable materials process development program has yielded 
returns exceeding by many times the cost of the program. Returns 
have been realized principally by increasing the capacity of existing 
facilities, with proportionately smaller increases in operating expense, 
and by reducing the capital and operating costs of new facilities, 

Gaseous Diflusion Improvements 

All components of the gaseous diffusion process, such as barriers, 
gas compressors, gas coolers, and coolant, have been under study 
since the K-25 plant at Oak Ridge was put into operation in 1945. 
As a result of these studies, intensified when the expansion program 
started, improvements have been made in every part of this process. 
The net results of these improvements, which have been made over 
the years, are that the capital costs for diffusion plants built since 
1946 have been several billion dollars less than they would have been 
if the plants had been built using the same types of equipment used 
in the original K-25 plant. In addition to the savings in capital 
investment, these improvements also have resulted in annual operat- 

f 
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ing costs which are several hundred million dollars less than they 
would have been if plants of the K-25 type had been built. 

The total gaseous diffusion plant capacity, including that under 
construction, has now reached the point where even small improve- 
ments in process efficiency have a substantial value in terms of 
increased production. 

The field for further improvements has by no means been exhausted, 
A number of new developments, which were made too late to be 
included in plants built during the expansion program, can be incor- 
porated in existing plants when the most efficient way to make these 
changes has been established. These changes will result in further 
large savings. 

Graphite Piles 

Similar progress has been made in the field of plutonium production. 
For example, the capacity of the original production facilities at 
Hanford has been increased substantially. New facilities, which have 
been built or are under construction, are capable of even more econom- 
ical production. Continuing success of process improvements to 
increase power levels is an optimistic indication that the ultimate 
capacity of these units has yet to be reached. 

Chemical Separations 

In the intricate chemical process of extracting plutonium from the 
highly radioactive uranium discharged from the piles, important 
advances were made also. The new chemical plants separate both 
plutonium and uranium from fission products. The uranium thus 
reclaimed can be used as feed for the gaseous diffusion plant. 
This new chemical process, originally designed in the Commission's 
national laboratories, is far more economical than the process origi- 
nally used. 

Heavg Water Production 

An active program of process development is being conducted to 
develop and test new processes and equipment incorporated in the 
design of the Savannah River plant. In the postwar years a signifi- 
cant advance has been made in the large scale production of heavy 
water. This has resulted in a volume production at a cost much 
below that of the wartime program. 

Another important phase of the Savannah River process develop- 
ment program is to ensure a constant improvement in the productive 
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of the Savannah River units above their basic design ratings. 
It is significant that this improvement program began even before 
initial operation of the plant. 

Uranium Feed Materials 

The feed materials phase of the production program deals with the 
conversion of uranium ore and concentrates to uranium metal suitable 
for reactor fuel, or to uranium hexafluoride to be fed to the gaseous 
affusion plants. While these operations present 'some special prob- 
lems, they are much more similar to conventional processes of the 
chemical and metals industries than are reactor and diffusion plant 
operatiom. 

Feed materials process development has undergone substantial 
expansion to serve the increased reactor and diffusion plant capacity. 
Many improvements and new processes of great potential importance 
=e now being studied. Some of these developments have already 
been incorporated into production practice. 

In the field of metals production, for example, reuse of certain 
materials in metallurgical operations has reduced waste losses. In 
addition, several totally new processes for metal production are being 
explored. One or more of these processes may eventually afford 
opportunities for substantial reductions in the unit costs of metal. 
New metal fabrication techniques are also being investigated. These 
techniques are important, not only because of the cost of the operation 
itself, but because of the profound effect which the process may exert 
on the behavior of uranium metal under prolonged irradiation. 

A new process has been devised in the refining of uranium ore con- 
centrates. It possesses the great flexibility required for handling 
concentrates of the many different types now being received or 
contemplated. 

Construction and Supply 
As of May 31, 1954, largely as a result of continued progress in the 
construction of the Savannah River plant, and major new facilities at 
Paducah, Oak Ridge, Portsmouth, and Hanford, capital investment 
in atomic energy production plant facilities was estimated to have 
grown to about $5.7 billion before depreciation reserves. Expansion 
of process facilities at Oak Ridge was the only major construction 
started during the past 6 months. 

Costs incurred for new plant and equipment averaged about $106 
million per month during the first half of 1954, compared with an 
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concerted development effort on thermonuclear weapons. In view 
of important progress made in fission and thermonuclear weapon 
development programs, a national policy decision was made to take 
every advantage of such progress to assure that the United States 
maintains its superiority. The President directed the Commission to  
continue to produce atomic weapons during 1954 consistent with this 
decision. 

The weapons research and development program was highlighted 
by the tests conducted at the Pacific Proving Ground during the 
period of this report. This test series, known as Operation CASTLE, 
was conducted by Joint Task Force 7 composed of personnel of the 
Commission, Army, Navy and Air Force. Following the pattern estab- 
lished for earlier tests at the Pacific Proving Ground, the Commission, 
through the Los Alamos Scientific Laboratory and the weapons 
research laboratory of the University of California Radiation Labora- 
tory at Livermore, Calif., was responsible for the test devices. Both 
the AEC and the Department of Defense participated in the scientific 
measurements. The Department of Defense was responsible for 
certain supporting operations and services. These tests were success- 
ful in development of thermonuclear weapons. Special mention for 
their part in this enterprise should go to the management and staff 
members of the Los Alamos Scientific Laboratory as the agency 
primarily responsible for these thermonuclear developments. 

A number of significant contract actions took place during this 
period. A 5-year renewal contract was signed with Western Electric 
Go., Inc., for operation of Sandia Laboratory at Albuquerque, N. 
Mex., by a wholly-owned subsidiary, Sandia Corp. Also, a 3-year 
renewal of contract with Bendix Aviation Corp. for operation of the 
Commission’s facility at Kansas City, Mo., was executed. Contracts 
were signed also with ACF Industries, Inc., providing for continuing 
engineering and fabricating services. 

One of the oldest buildings occupied by the Los Alamos Scientific 
Laboratory was demolished during the spring of 1954. The tempo- 
rary-type, wood-frame structure, known as “D” building, was 
erected in 1943 when the first scientists on the Laboratory’s staff were 
moving into Los Alamos. The early extensive chemical and metal- 
lurgical work on the characteristics of plutonium and the development 
of safe methods of processing this dangerous material were conducted 
in the structure. The first pieces of plutonium readily visible to the 
naked eye were fabricated in the building, and later, the nuclear 
parts of the bombs set off a t  Trinity Site, near Alamogordo, N. Mex., 
and at Hiroshima and Nagasaki, Japan, were produced there. No 
harmful radiation was received by any person working in the building 
during its long occupancy. However, some room surfaces were 
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contaminated with small quantities of radioactive materials. Expe- 
rience gained though the use of “D” building bas been of high value 
in the design of a permanent structure, safe from radioactive con- 
mination, recently built as its replacement. 

Community Operations 
The Commission’s proposed legislation to facilitate the establishment 
of local self-government and to provide for disposal of Federally- 

properties at Oak Ridge, Tenn., and Richland, Wash., was 
introduced in Congress on April 15, 1954, by members of the Joint 
Committee on Atomic Energy. A bill6 (H. R. 8861) was introduced in 
the House of Representatives by Chairman Rep. W. Sterling Cole 
a d  an identical bill (S. 3324) was introduced in the Senate by Sen. 
Bowke B. Hickenlooper. 

The proposed bills are based on the plan recommended by the Panel 
on Community Operations with some modifications resulting from 
further studies. Salient features of the bill are: (1) The AEC would 
assist the residents in establishing local self-government. As soon as 
local governments were established, the AEC would transfer govern- 
mental responsibilities and donate municipal facilities to them. Upon 
this transfer the Commission would have divested itself of control 
and responsibility over local municipal affairs. (2) To lessen the shock 
of such a drastic change in the operation of these single-industry-type 
communities in which there is at present an inadequate tax base, a 
Federal contribution to maintain essential municipal services and to  
operate the schools and hospitals would be made for a period of 5 
years, and might be extended another 5 years. (3) Single-family and 
duplex houses would be offered for sale at 90 percent of their appraised 
values. Present tenants would be given f i s t  chance to  purchase the 
property, and other project-connected persons would have purchasing 
rights before the general public. Appraisal for all property to be sold 
would be made by the Housing and Home Finance Agency or its 
designee. (4) The present lessees of properties used for commercial, 
industrial, church, and nonprofit purposes would have a priority right 
to purchase such properties at the appraised values. ( 5 )  Mortgage 
insurance on residential properties would be made available through 
the FHA. If necessary, direct AEC mortgaging would be provided. 
Some further protection against the special risks of buying houses in 
these communities would be provided by an AEC commitment t o  
relieve the purchasers of liability for deficiency under mortgage 

‘The bill, a section-by-section analysis, a financial analysis, and the  commission'^ letter of transmittal 

‘see the llth, 12th, and 13th Semiannual Reports, pages 14,9, and 19, respectively. 
to the Joint Committee on Atomic Energy are set forth in a Joint Committee print dated April 1954. 
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indebtedness should the employment level at either of the projects 
fall drastically. (6) The AEC would administer the program. 

* 
HOUSING AND COMMUNITY FACILITIES 

Oak Ridge 

Of the 900 units programed by the Housing and Home Finance 
Agency, under Title VI11 and Title IX of the National Housing Act, 
all were completed and, as of Mag 31, 775 were occupied. AS this 
privately-financed housing has become available vacancies have 
increased in Government-owned housing. This trend has made pos- 
sible the removal of the requirement that project employees must 
live beyond a 45-mile radius of Oak Ridge to be eligible to rent 
Government-owned houses. 

On April 1, 117 acres of land were leased to Oak Ridge Properties, 
Inc., for the development of a new privately-financed commercial 
center. The lease requires that the first stage of development, con- 
sisting of 150,000 square feet of building space, be completed in 2 years. 
Total required development will involve 500,000 square feet of space. 

Savannah River 

Occupancy in the rental-guarantee trailers dropped to 273 by June 
30, reflecting the rapid decrease in construction employment. Of the 
original 4,000 trailers, 3,345 have been sold and the balance are 
expected to be disposed of during the fall of 1954. 

The Housing and Home Finance Agency withdrew controls from 
all permanent Title IX housing in Augusta, Ga., and Allendale, 
Barnwell, Blackville, and Williston, S. C., during January 1954. 
HHFA completed decontrol of the Title IX program, in May 1954, 
by taking the same action in Aiken and North Augusta, S. C. 

Portsmouth 

The peak construction employment for the Portsmouth area project 
is now estimated to be 22,500, a reduction of 3,500. As of June 30, 
750 of the 1,500 programed temporary housing accommodations for 
construction workers were completed and all were occupied. Almost 
770 of the 1,000 permanent Title IX dwellings for operating personnel 
have been completed and most of them are occupied. 

Federal grants totalling $1,063,300 have been approved under 
Public Law 139 by HHFA to assist in the necessary expansion of 
sewer and water facilities. School assistance in excess of $3,000,000 
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for construction of permanent classroom facilities has already been 
allocated to local d m o l  districts by the Office of Education. Addi- 
tional amounts will be allocated to assist in the maintenance and 
operation of the school facilities. These grants are authorized under 
public Laws 815 and 874, 81st Congress, as amended. 

LOS Ahmos 

The Los Namos Scientific Laboratory was opened during wartime 
as a remote temporary facility. The Manhattan Engineer District 
in 1946 authorized an increment of housing for the laboratory’s key 
,cientifiC personnel. In 1947 the AEC continued the program 
initiated by MED, authorizing facilities which established the labora- 
tow as a major Government installation, thereby necessitating certain 
community adjustments. The replacement of temporary-type hous- 
ing with permanent-type was included in plans made in 1948 for 
modernizing and expanding the Los Alamos wartime project. Sched- 
uled to begin in 1950, it was postponed after outbreak of the Korean 
war and is just now getting underway. Construction of 118 new 
housing units has commenced. 

Other Areas 

All of the 1,000 Title VI11 housing units at Richland, Wash., were 
completed, and 929 were occupied on May 31. Occupancy of Govern- 
ment-owned houses in Richland has not been affected significantly by 
the availability of these 1,000 units. In the Paducah, Ky., area 
vacancies in the 948 Title VI11 and IX programed housing units were 
increasing as the project neared completion and construction workers 
were being laid off. 

Reactor Development 
Progress in the Commission’s program of developing improved reactors 
for industrial nuclear power and for naval and aircraft propulsion and 
other military requirements continued during the first 6 months of 
1954. For these purposes expenditures of about $126 million were 
incurred during the fiscal year ending June 30. In addition, the AEC 
continued its research and development aimed specifically at improving 
production reactors at Hanford and Savannah River. 

A report describing the Commission’s program of industrial nuclear 
’ Report of the Subcommittee on Research and Development, Joint Committee on Atomic Energy, on 

the Five-year Power Reactor Development Program Proposed by the Atomic Energy Commission, March 
1954 (Joint Committee print). 

,.... , .. .. . ..., I.:.. . . , : , : .  , , .  $-:; 
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Estimated 
comp1eQon 

power development over the next 5 years was sent by AEC to the 
Joint Congressional Committee on Atomic Energy on February 5. 
The report presented a specific pattern of research and development to 
be followed in a major effort to decrease the cost of nuclear power. It 
allows increased participation by contractors presently in the reactor 
development program and encourages additional groups outside the 
Commission to participate. 

The program provides for development of 5 distinct technological 
approaches with experimental reactor powerplants costing nearly 
$200 million and outlines general research and development activities 
costing about $8.5 million annually over a 5-year period. These 
approaches are the outgrowth of the Commission's efforts over the 
past several years. These projects, their total estimated cost over 
the entire 5 years, and the dates estimated for completion of experi- 
mental plants are shown in the following table. None of these plants 
is expected to produce economically competitive electrical power 
because of their small size, experimental nature, or limitations of the 
new technology. However, there is reasonable expectation that 
electricity will be generated from nuclear fuel at a cost competitive 
with electricity from fossil fuels in the foreseeable future. 

Experimental g 
Scsl0 

t 

Project (Research, Development, and Construction) Estimated j cost, 

1957 
1956 
1955 
1956-58 
1958 

5 years 

Full. 
Medium. 6 

Medium. 1 
Medium. 
Medium. ~ 

g 
6 A11 costs estimates are conditional on annual congressional appropriations. 

Industrial teams at work surveying reactor technology, studying 
reactor designs, or engaging in research and development now number 
13, five having been added in the past 6 months. AEC-sponsored 
work on the powerplant for the USS Nautilus, the first nuclear- 
powered submarine, launched by the Navy on January 21, neared 
completion. The prototype of the powerplant for the second nuclear 
submarine, the USS Sea Wolf, was nearly completed. 

POWER REACTORS 

Since the attainmeot of economic nuclear power at the earliest 
possibIe date is of vital importance to the Nation, the Commission 
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oposed to proceed in the 5-year program to develop the 5 major Pr reactor types which seem most likely to achieve this goal. These are set 
forth in the table on page 20. From the standpoint of time required to  

rfect each type, they can be grouped as follows: First, “short term,” Pe ready for large scale experimental testing in 2 or 3 years with a reason- 
able chance of mechanical success; second, “middle term,” ready for 
testing on a large scale in about 5 years; and finally, “long term,” 
ready for testing in not less than 5 years, unless an unexpected tech- 
nical breakthrough OCCUTS. Most authorities agree that the Pres- 
surized Water and Sodium Graphite Reactors would be short term; 
the Experimental Boiling Water Reactor middle term; and the 
Homogeneous and Fast Breeder Reactors long term. 

The program is to be reviewed annually so that work can be 
redirected, enlarged, or eliminated in line with unanticipated techno- 
logical or managerial developments. It should also be remembered 
that results sought in research and development cannot be guaranteed 
within estimated expenditures. 

pressurized Water Reactor 

Westinghouse Electric Corp. continued development work on the 
Pressurized Water Reactor, to be the Nation’s first civilian nuclear 
powerplant, in a project authorized by the Commission in July 1953. 
This type is moderated and cooled by water and uses slightly enriched 
uranium fuel. 

The design was selected for the full-scale PWR since more is known 
about this than about other types. A number of the earlier reactors 
were water-cooled, and the technology was advanced considerably by 
Westinghouse’s recent work on the Submarine Thermal Reactor and 
on the canceled large ship reactor (the CVR). 

The PWR plant is to have a power level of approximately 300,000 
kilowatts of heat, and an output of at least 60,000 kilowatts of useful 
electricity. Reserve capacity in the generating plant is to be included, 
in the event that the 300,000 figure is exceeded. The project is not 
expected to produce electricjty at costs competitive with those of 
plants using conventional fuels. However, i t  will make possible firm 
cost estimates for the future and provide design and technological 
experience obtainable only from a full-scale plant operation. 

This project will contribute to pressurized water technology by 
developing and testing fuel elements for long irradiation cycles, by 
advancing the physics of slightly enriched uranium fuel in ordinary 
water, and by testing whether the relatively large pressure vessel can 
be built satisfactorily according to specifications for reactor opera- 
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tions. 
elements through the pressure shell. 

Methods will be evolved for charging and discharging fuel ated reactor 

The Westinghouse Electric Corp. is responsible for the development, 
design, and construction of the nuclear portion of the PWR project. 8 
Stone and Webster Engineering Corp., Boston, Mass., was selected 
to perform architect-engineering services for the same portion of the 
project as a subcontractor under Westinghouse. 

The plant will be built in the vicinity of Shippingport, Pa., on the 
Ohio River, 25 miles northwest of Pittsburgh. It will be operated by 
the Duquesne Light Co. of Pittsburgh, whose proposal to participate 
in the project was accepted by the Commission as the most favorable 
to the Government of 9 major offers submitted. The terms of 
Duquesne’s proposal are to: Furnish a site for the entire project and 
build and operate a new electric generating plant at no cost to the 
Government; operate the reactor part of the plant and bear the labor 
costs thus entailed; assume $5 million of the cost of research, develop- 
ment, and construction of the reactor portion of the plant; buy steam 
from the Commission, and waive any reimbursement by the Govern- 
ment of costs incident to termination of the contract. 

It is estimated that-along with revenues from the sale of steam 
generated by the reactor-the company’s proposal would reduce by an 
estimated $30 million the expenditures the Government would have 
had to  make during the period of construction and 5 years of operation 
if it had undertaken the full cost of the project. . 

Experimental Boiling Water Reactor 

It was formerly believed that boiling within the core of a water- 
cooled reactor would cause unstable operation. However, experiments 
conducted last year by the Argonne National Laboratory at the 
National Reactor Testing Station in Idaho, have indicated this to be 
untrue. In addition, these experiments may have an important 
bearing on the safety of industrial power reactors, for i t  is possible that 
boiling reactors may be designed to operate in a stable self-regulating 
manner, shutting themselves down without serious damage in case of 
trouble. 

The tests at NRTS during the summer of 1953 consisted of setting 
up and operating a water-cooled and moderated reactor and imposing 
conditions normally expected to cause a “Tun away.” It was pre- 
viously assumed that under these circumstances the core would melt p 

and allow the escape of fission products. 
However, these things did not happen in last summer’s tests. 

Experimental results with a small, temporary water-cooled and moder- 
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ate-j reactor showed that power excursions could take place quite 
'dly and neither produce melting of the fuel nor radioactive con- rap1 

tamination of the surroundings. In experiments which allowed the 
Ower to rise to several thousand kilowatts in a fraction of a second, P the steam cut off the nuclear reaction completely before a dangerous 

temperathie was induced. More boiling experiments are to  be con- 
ducted by kgonne at NRTS in the summer of 1954. 

Perhaps this mechanism applied to  power reactors could be a safety 
device making i t  impossible for the nuclear reaction t o  create dan- 
gerously high temperatures. Further, a reactor used as a direct 
SOmCe of steam in a power plant might reduce capital costs by 
eliminating the heat exchanger (steam boiler) outside the reactor, by 
reducing the pressure of the primary coolant system, and the pumping 
power required for the system. 

Plans called for starting construction during the year ahead of an 
Experimental Boiling Water Reactor designed to produce 20,000 kilo- 
watts of heat and 5,000 kilowatts of electricity, to be completed in the 
winter of 1956. The reactor will make use of normal uranium fuel 
plus enriched uranium 235 and will be moderated and cooled by ordi- 
nary (light) water. As with the PWR, the slight enrichment of fuel is 
necessw to bring a light water moderated reactor to criticality. 

An important aspect of tests with the Experimental Boiling Water 
Reactor Will be to determine whether it can be operated without 
troublesome or hazardous deposit of radioactivity in the turbine, 
condenser, feedwater pumps, or other equipment outside the reactor. 
The deposited radioactivity might cause major maintenance problems 
in the event of failure of the equipment. 

Sodium Graphite Reactor 

Although a proposed sodium-cooled, graphite-moderated reactor has 
been determined to be feasible in principle, there are still numerous 
features of such a plant significant to the economies of the system that 
have not been tested in actual practice. For example, these include 
the upper limits for fuel and coolant temperatures, burn-up, and other 
operating variables. 

North American Aviation, Inc., the major contractor exploring the 
sodium-graphite approach, continued its investigation in this field. 
The firm has agreed to contribute $2.5 million of the $10 million 
required for development, construction, and operation of a graphite- 
moderated Sodium Reactor. Experiment (SRE) during the period 
1954-58. The SRE is planned to produce 20,000 kilowatts of heat 
and would not be equipped with a turbogenerator. 

303584-6+3 i 
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A full-scale reactor, using slightly enriched uranium fuel, [would be 
expected t o  have a regeneration ratio of 0.9. If charged with uranium 
233 and thorium, it is believed it would have a ratio slightly greater 
than one and operate as a power breeder producing more uranium 233 
than it burns. 

Tests with the Sodium Reactor Experiment are planned to include 
fuel element performance, maximum permissible fuel element and 
structure temperatures, and corrosion and radioactive transfer. The 

. .  will be increased gradually 

beginning of experimental 

reactor’s temperature and specific power 
to determine performance limitations. 

Completion of construction and the 
operation are scheduled for 1956. 

Homogeneous Reactors 

The potential advantages of homogeneous reactors include: Low 
cost due to simplified design, economical chemical processing, and 
elimination of fuel element fabrication. 

Oak Ridge National Laboratory continued the operation of Homo- 
geneous Reactor Experiment No. 1 during the early months of 1953-54. 
This fist power reactor of its type circulated uranyl sulfate fuel solu- 
tion at nearly 500” F. under a pressure of 1,000 pounds per square inch 
and at a power density of 30 kilowatts per liter. It had a heat output 
of 1,000 kilowatts and a small turbogenerator. 

In testing the self-regulation of HRE No. 1, the reactor’s power was 
purposely increased as rapidly as possible, but the reactor did not 

run away.” Its power rose quickly to an abnormally high but very 
short peak and then leveled off at a moderately high value as the 
expanding fuel solution caused the core to lose reactivity. This 
reactor also demonstrated safe operation after its fuel solution became 
highly radioactive from fission products, and while a mixture of 
hydrogen and oxygen was formed by irradiation-produced decomposi- 
tion of the solution water. 

The HRE No. 1 was dismantled in the spring of 1954 to make way 
for the construction-in the same building at Oak Ridge-of Homo- 
geneous Reactor Experiment No. 2, which should be completed and 
put in operation early in 1956. 

The HRE No. 2 will have a heat output of 5,000 kilowatts. Its 
primary purpose is to  produce a simplified, mechanically reliable plant 
demonstrating operability and reliability over a long period under 
conditions more closely simulating those of a full-scale reactor. It 

4 L  

will furnish steam for a small turbogenerator, as did HRE No. 1, and 
will dissipate excess steam. The plant will include chemical processing 
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for purification of the fuel solution by removing fission 
products. It will also seek additional information on the effect of 
irradiation on the corrosion of materials and on chemical stability of 
the fuel solution. 

In the development of the homogeneous type, corrosion tests without 
irradiation demonstrated the compatibility of a dilute uranyl sulfate 
solution with a number of materials at high temperatures. Data on 
the effects of Vary’ing temperatures, salt concentration, acidity, and 
solution velocity were also obtained. The Oak Ridge National 
Laboratory completed a full-scale model of an “in-pile loop,” which 
consists of an assembly of piping, pumps, and instruments for the 

of circulating a fuel solution past samples of different mate- 
*& while they are under intense neutron bombardment in the Low 
Intensity Test Reactor at ORNL and the Materials Testing Reactor. 

New information obtained from these and other investigations will 
be applied to the design of a Homogeneous Thorium Reactor now in 
the planning stage. The HTR is to produce about 65,000 kilowatts 
of heat, of which some 16,000 kilowatts will be converted into electric- 
ity. It will have a blanket of thorium from which uranium 233 will 
be produced. 

Although the core diameter of the Homogeneous Thorium Reactor 
will not be as large as that of a full-scale plant, the thickness of the 
thorium blanket and the concentration of fertile material will be the 
same as for a central power station of this type. In addition, two 
chemical plank-one for removing fission products from the fuel 
solution and another for separating the uranium 233 from the thorium 
blanket--are to be an integral part of the plant. 

Following development and design of the HTR by ORNL, construc- 
tion is expected to begin during fiscal year 1957 and be completed in 
fiscal year 1959. The reactor will probably start operating with ura- 
nium 235 and change Iater to uranium 233, as this synthetic fissionable 
material is produced in the blanket. 

Experimental Breeder Reactor No. 2 * 

After 2 years of operating experience with the Experimental 
Breeder Reactor No. 1 at the National Reactor Testing Station in 
Idaho, the AEC plans to build a much larger unit, the Experimental 
Breeder Reactor No. 2. The EBR No. 1, developed and operated by 
Argonne National Laboratory, was the fist reactor to produce elec- 
tricity and to demonstrate breeding. 

The EBR No. 2 is planned as a scale-up to 62,500 kilowatts in heat 
power and 15,000 kilowatts in electrid generating energy. The 
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EBR No. 1 supplied 1,400 kilowatts of heat and 170 kilowatts of 
electricity . 

The EBR No. 2 will closely resemble a large central station power- 
breeder reactor in power, control, fuel handling, and other features. 
Much of the equipment for a full-scale powerplant will also be used- 
such as pumps, heat exchangers, valves, and flow meters. In addition 
to providing information on engineering features, the EBR NO. 2 
will be operated t o  develop fuel-handling techniques? power-cycle 
conditions, core and blanket concentration? and component designs, 

Heat transfer and mechanical components under simulated oper- 
ating conditions will be tested in mechanical mockups of the EBR 
No. 2, scheduled to be built at the ANL during 1955. The startup 
of the reactor itself is planned for 1958. 

Plutonium will be used as fuel in EBR No. 2 although it  may be 
necessary to  supplement it with uranium 235 for metallurgical reasons. 
However, the fuel charge will be changed to  plutonium later. The 
blanket will be composed of natural or depleted uranium 238 which 
will be transmuted into plutonium. A greater production of plutonium 
will be achieved by using this element as a fuel than by using uranium 
235. The objective will not be to produce a large quantity of fissiona- 
ble material, but rather to test engineering features of the reactor and 
its auxiliaries. 

The Experimental Breeder Reactor No. 1 will continue in operation, 
Its contributions in fast neutron reactor physics and radiation damage 
are expected to continue. 
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INDUSTRIAL PARTICIPATION 

Consistent with its policy of encouraging industrial participation in 
the development of economic nuclear power, the Commission approved 
5 new study group agreements with commercial firms during the 
first 6 months of 1954. This brings to 13 the total number of par- 
ticipating study teams, each of which represents one or more 
contrators. 

Since the initiation of this program in 1951, industrial contractors, 
through their teams or groups, invested (by the end of 1953) an esti- 
mated $3 million surveying reactor technology, making preliminary 
designs and economic studies, and carrying on research and develop- 
ment. It is believed that this figure will reach $8 million by the end 
of 1954. 
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The five new industrial study groups approved by the Commission 

BABCOCK AND WILCOX CO., of New York, whose independent study 
~ 1 1  concentrate on the design, development, and manufacture of 
,qulpment needed in operating nuclear powerplants. 

AMERICAN MACHINE AND FOUNDRY C O . ,  of New York, who will 
machines and equipment associated with nuclear powerplants 

and explore the feasibility of developing low-power reactors for 
industrial research. 

BENDIX AVIATION CORP., of Detroit, who will study the future of 
atomic power and its byproducts, anticipating the development of 
new reactor designs and discovery of new uses for radioactive fission 
products. 

WG~TINGHOUSE ELECTRIC CORP., of Pittsburgh, who will survey 
the Commission’s reactor development activities, determining engj- 
neering, technical, and economic aspects of practical applications of 
atomic power. 

PACIFIC NORTHWEST POWER CO., of Spokane, who will study the 
engineering, economic and technical feasibility of constructing a 
nuclear reactor for the production of electrical power. The Pacific 
Northwest Power CO.  includes: the Montana Power Co., Washington 
Water Power Co., Pacific Power and Light Co., Portland General 
Electric Co., and Mountain States Power Co. 

January =e: 

New Power Reactor Studies 

The Commission approved an agreement for new power reactor 
studies by the Dow Chemical-Detroit Edison group. This group, 
which includes 24 associated firms in addition to the two principals, 
has been studying nuclear power technology since the industrial 
participation program began in 1951. 

Under the agreement running untii January 31, 1955, the Dow- 
Detroit Edison group will spend an estimated $2,300,000 on a detailed 
progrm of research and development on a special type of breeder 

In addition to the new industrial participation teams, there are the following: (1) Nuclear Power Group 
including American Gas and Electric Co., Bechtel Corp., Commonwealth Edison, Pacific Gas & Electric 
Co., and Union Electric Co.; (2) Duquesne Light Co.-Walter Kidde Nuclear Laboratories; (3) General 
Electric Co.; (4) Newport News Shipbuilding and Dry Dock Go.; (5)  Tennessee Valley Authority; (6) Mon- 
m t o  Chemical Co.; (7) Dow Chemical Co.-Detroit Edison Go., including: Allis-Chalmers Manufacturing 
CO., Atlantic City Electric Go., Babcock & Wilcox Co., Bendix Aviation Corp., Cincinnati Gas & Electric 
Co., Cleveland Electric Illuminating Co., Consolidated Edison Go. of N. Y., Consolidated Gas Electric 
Light dr Power Co., Consumers Power Co., The Detroit Edison Co., the Dow Chemical Co., the Ford 
Motor Co., General Public Utilities Corp., Gibbs & Cox, Inc., Hartford Electric Light Co., New England 
Electric System, Niagara Mohawk Power Corp, Philadelphia Electric Go., Potomac Electric Power 
CO., Public Service Electric & Gas Co., and Rochester Gas &i Electric Corp., Southern Services, Inc., 
Toledo Edmn Co., United Engineers & Constructors. Inc., Vitro Corporation of America, and Wisconsin 
Electric Power Co.; and (8) Foster Wheeler-Pioneer Service & Engineering Co.-Diamond Alkali Co., 
including: California-Oregon Power Co., Louisville Gas & Electric Co., Northern States Power Co.. 
Oklahoma Gas & Electric Co., San Diego Gas & Electric, and Wisconsin Public Service Corp. 
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reactor for generation of electric power and production of other 
products, and on related equipment and processes. 

When specified research projects can best be carried out in the 
AEC’s specialized facilities this may be done at the group’s expense 
if the AEC finds that i t  is feasible and no AEC project has higher 
priority. The group may spend about $300,000 on such work. Where 
the investigations of the group require work which is of direct interest 
to the AEC and forms part of its approved program, the expense of the 
project will be borne by the AEC. The cost of the work within this 
category is estimated at about $300,000. 

The group will submit a report to the Commission at  the conclusion 
of its studies, which will contain recommendations concerning the 
desirability of further work on a nuclear reactor for commercial use. 
It will also detail the group’s proposed contribution to and plans for 
the development, design, construction, and operation of such a 
reactor. 

ARMY POWER REACTORS PROGRAM 
Early in January, the Department of Defense requested that the 

AEC cooperate with the Army’s Corps of Engineers in a program to 
meet military requirements for nuclear powerplants. Studies by the 
Army and the Commission had previously established that nuclear 
powerplants for installation at remote military bases appear to be 
technically feasible and would have strong military advantages. 

The Commission and the Army have agreed to initiate the program 
by building a prototype of a small nuclear powerplant. The proto- 
type will be based on a conceptual engineering design of a pressurized 
light water reactor by the Oak Ridge National Laboratory. This 
nuclear plant in order to approach a competitive status with conven- 
tional military plants in certain situations, will be designed to make 
use of proven components requiring minimum development. 

The Commission, in cooperation with the Army’s Corps of Engi- 
neers, sent an exploratory letter to a number of industrial firms t o  
find out if they were willing and able to design, construct, and test a 
prototype of such a nuclear powerplant at a k e d  price. After a 
careful evaluation of the replies, invitations to submit proposals on the 
plant will be extended to those firms that have demonstrated their 
interest in and qualifications for the prime contract. The award of a 
lump-sum contract will be made to the one whose proposal is most E 

favorable to the Government from the viewpoint of price, design, and ~ 

other factors. 

New Arrng Reactors Branch 
An Army Reactors Branch was established in the Division of Reac- 

tor Development. The new branch will cifl~y on and expand the 
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work of the former k m y  Liaison Office. It will plan and give staff 
direction to the technical phases of the development of reactors de- 
signed to furnish electric power and heat for military purposes other 
than propulsion. Since March of 1954 the branch has represented 
the interests of all military services in small stationary nuclear power- 
plants. 

NAVAL REACTORS PROGRAM 

progress was made on projects being carried on jointly by the AEC 
and the u. s. Navy. 

Submarine Thermal Reactor (STR) 

Experimental operation of the prototype Submarine Thermal Re- 
actor, Mark I, at the National Reactor Testing Station in Idaho was 
continued by the Westinghouse Electric Corp. as a part of the program 
for testing this reactor. 

power for the USS Nautilus, launched at Groton, Conn., on January 
21, will be furnished by the STR, Mark 11. 

Submarine Intermediate Reactor (SIR) 

Construction of the second nuclear-powered submarine, the USS 
Sea Wolf, continued at the Electric Boat Division of General Dynamics 
corp., Groton, Conn. The ship will be powered by Submarine Inter- 
mediate Reactor, Mark B. 

The prototype powerplant, SIR Mark A, neared completion at 
West Milton, N. Y., as the Electric Boat Division progressed with 
installation of machinery in the hull section. The hull section was 
moved into the spherical powerplant building on March 20. 

Research and development on the Mark A and Mark B plants con- 
tinued at  the Knolls Atomic Power Laboratory, near Schenectady. 
KAPL is operated for AEC by the General Electric Co. 

Submarine Advanced Reactor (SA R )  

The Knolls Atomic Power Laboratory and Argonne National 
Laboratory continued work on the development of another nuclear 
powerplant suitable for a high performance submarine. 

AIRCRAFT REACTORS PROGRAM 

The AEC-Air Force program of research and development for 
aircraft nuclear propulsion continued. Principal AEC contractors 
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in the program are: General Electric Co. (through its Aircraft Nuclear 
Propulsion Department, Evendale, Ohio) ; Carbide and Carbon Chem- 
ical Co. (through the Oak Ridge National Laboratory); and United 
Aircraft Corp. (through Pratt and Whitney Aircraft Division, East 
Hartford, Conn.). 

* 

Construction at Testing Station 
-. 

A $2 million contract was awarded in April to the Arrington Con- 
struction Co., of Idaho Falls, for work at the National Reactor Testing 
Station there. The agreement calls for completion in 1955 of certain 
ground testing facilities. The Utah Construction Co., of Salt Lake 
City, which began the first phase of construction of the test facilities 
in 1953, is expected to complete its work this summer. 

Tower Shielding Facilitg Completed 

Construction of a tower shielding facility was completed in April at 
the Oak Ridge National Laboratory at a cost of $2 million. 

The facility includes four 324-foot steel towers. Protective shield- 
ing for the crew and a test reactor with its own shielding can be sus- 
pended from these towers well above the ground, simulating shielding 
conditions of an airplane in flight. Experiments began early in May. 

! Expansion of Pratt & Whitnev Facilities 

Facilities of the Pratt & Whitney Aircraft Division will be expanded 
by the leasing of a new 97,000 square-foot building. The building f 
will be constructed according to Pratt & Whitney specifications and f 

completed by October 1954. f 

c 
GENERAL ENGINEERING AND DEVELOPMENT - 

i 

Materials Testing Reactor To Serve Public $ 

The Commission made available to the public the specialized irradi- 
ation facilities of the high intensity 30,000-kilowatt Materials Testing 
Reactor at the NRTS in Idaho. 

neutron intensity reactors, MTR's primary function is to test mate- 
rials for possible use in future reactor construction. 
also supplement other AEC reactors in isotope production. Because 

5 
Designed and built as a major step in the development of high P 
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of its high flux, it can produce isotopes of higher specific radioactivity 
than the Argonne, BrookhaTTen, and Oak Ridge reactors currently 
offering irradiation services to  the public. 

Charges for public irradiations in the MTR are based on the recovery 
of all costs involved, yet are sufficiently low to make the service 
available to qualified research organizations.1° 

n ~ e w  Reactor Development TO& 

Therwaocoupk for  measuring fuel  element temperatures.-A uniquely 
de&ped thermocouple to measure and record temperatures of various 
components of complex heated systems where thermometers cannot 
be used was developed by the AEC's Argonne National Labora- 
tory. The thinness, flexibility, and ruggedness of the unit enable 
it to be threaded through small and winding passageways into places 
inaccessible to conventional thermocouples. 

The device is constructed of a copper-nickel-manganese alloy wire 
,mounding an Inconel tube of the hypodermic needle type. By 
using this type of construction, it is possible to reduce the diameter 
of the couple. The Inconel tube does not corrode easily and the neces- 
sity of protective metal or ceramic coverings is eliminated. 

Thermocouple assemblies--0.040 inch in diameter and 20 feet in 
length-were constructed and used to detect and record temperatures 
up to 1,250' F. 

New servo master-slave manipulator.-A new master-slave manipu- 
lator, using special forces reflecting electric servomechanisms, was 
developed at ANL. With this device complex laboratory and proc- 
ess manipulations can be carried out at a considerable distance or 
behind a sealed barrier. 

Although the first model has a moderate load capacity, larger 
manipulators are well along in fabrication and still larger ones are 
under development. Manipulators of this kind incorporate all of the 
basic requirements needed for speed, accuracy, and dexterity at 
distances limited only by the links of electric cables or possibly radio 
links. With the larger servomechanisms now under development, the 
technician will not only be able to do the manipulations at moderate 
load capacities, but will also be able to manipulate dexterously loads 
many times his unaided manual capacity. 

Inquiries should be addressed to: Phillips Petroleum Co., Atomic Energy Div., Idaho Falls, Idaho. 

E:: q .-,: E: --,. -? .... J _. - LJ .-:# .:' 
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Food Sterilization Program Transferred to Amy 

At the close of fiscal year 1954, the Commission completed transfer 
to the Army of all five of its contracts for studies of the effects of 
irradiation on food. These contracts were with Massachusetts 
Institute of Technology , Columbia University , Uni ver si ty of Michigan, 
Food Research Institute of the University of Chicago, and American 
Meat Institute Foundation, Chicago, Ill. 

The Army Quartermaster Corps, under the direction of the Quarter- 
master Food and Container Institute for the Armed Forces, is begin- 
ning a broad study of the sterilization of food by irradiation. The 
long-range objective is to determine if foods can be preserved by 
irradiation as a substitute for present treatment by heat, chemicals, 
and other processing, without detracting from their natural odor, 
color, flavor, and texture. 

The AEC will continue to furnish radiation sources for this program, 
preparing them chiefly by the irradiation of special materials. 

Utilization of Radioactivitg 

Meanwhile, the Commission is continuing its efforts to develop 
practical radiation sources from the large supply of fission products. 
For example, Argonne National Laboratory fabricated a special 
experimental radiation source for food studies at Massachusetts 
Institute of Technology. It consists of a small cylindrical block of 
concrete which was prepared by use of the liquid fission product waste 
instead of water. The radioactive concrete is surrounded by several 
inches of ordinary concrete and lead for shielding. Materials lowered 
into a hole in the center of the block are subject to radiation. 

Investigations are also being made to determine workable ways of 
utilizing the intense gamma radiation of cooling fuel elements. In a 
University of Michigan study of trichinosis control, pork was exposed 
to the radiation from spent Hanford slugs and MTR fuel elements. 
Plastics, insulating materials, and organic liquids were given similar 
exposure at the MTR by California Research Corp., General Electric 
Co., and Phillips Petroleum Co. To determine the possible usefulness 
of glass for measuring radiation from high-level sources, different kinds 
of glass were subjected to spent-fuel irradiation by the Naval Research 
Laboratory. h y  contractors exposed various foods at the MTR. 

e, 

Portable &rag Unit 

A small, inexpensive and portable X-ray unit, which has potential 
uses in medicine and industry, was also developed at Argonne. The 
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component of the instrument is a tiny particle of radioactive 
thulium, a rare earth metal, procured from the AEC’s rare earth 

ation facilities at Iowa State College and irradiated in the MTR s e p s  in Idaho. The entire unit weighs less than 10 pounds. Tests are in 

P’ to determine specific practical applications. 

Sccnitarg Engineering 

Dab from completed development work by A. D. Little, Inc., 
Cambridge, Mass., on high-temperature, high-efficiency filters were 
made available to filter manufacturers. The company started pro- 
duction to meet the requirements of AEC contractors and to fulfill 
commercial demands. 

Fall-out studies were continued at Harvard University and Rens- 
slaer Polytechnic Institute. Major emphasis was on investigating 
the passage of fall-out material through the water treatment and 

systems of Lawrence, Cambridge, and Boston, Mass., and 
q j - 0 ~  and Albany, N. Y. Data obtained indicated removal efficiencies 
of 30 to 50 percent, as compared with 90 percent removal of radio- 
activity in laboratory studies using manufactured isotopes. Work 
continued on determining the characteristics of fall-out material and 
on accounting for this difference. Activity levels obtained were 
considerably below allowable concentrations from a health standpoint. 

Work progressed at Brookhaven on the project of ultimate waste 
disposal by fixation on clay. A pilot plant was completed. 

Design and specifications for a 25 to  30 pound-per-hour and a 100 
pound-per-hour incinerator for burning radioactive combustible 
wastes were completed by the U. S. Bureau of Mines. The small 
unit was designed for isotope users such as hospitals and research 
laboratories. Information l1 will be made available to manufacturers 
so that the incinerators can be made and sold commercially. 
Two radioactive tracer runs were made by the U. S. Geological 

Survey on the Mohawk River. Information obtained was used to 
assess quantitatively the dilution of Knolls Atomic Power Laboratory 
wastes released in the river. KAPL, Haward University, and 
the New York State Health Department cooperated on this project. 

A preliminary report, “Disposal of Radioactive Waste in the 
Northeastern United States,” by the Johns Hopkins University, 
indicates the feasibility of using a common centrally located burial 
ground for certain contaminated wastes. It shows that with present 
Practices the unit cost of disposing of wastes at sea is higher than that 
for land burial. 

11Inquiries should be addressed to R. C. Corey, Ohief, Fuels Technology Division, U. 8. Burtw Of 
Mfnes, Central E~perimentel Strrtioa Pittsburgh, Pa 

c 7  .”. ..> ’:’. 
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OAK RIDGE SCHOOL OF REACTOR TECHNOLOGY 

In August, 79 students will be graduated from the 1953-54 session 
of the Oak Ridge School of Reactor Technology which is operated by 
the Oak Ridge National Laboratory. Of this number, 47 return to  
their sponsoring organizations-12 to industrial groups, 17 to AEC 
and military contractors and 18 to the military services and other 
Government agencies. Eighty new students are enrolled in the 1954- 
55 class and will be graduated in August 1955. Fifty-three are 
experienced men from industry and Government and the remainder 
are college graduates. The school has graduated 212 men who are 
now engaged in reactor design and development in industrial and 
Government organizations. 

Physical Research 
Physical research in the atomic energy program continued to result in 
growth of scientific knowledge. However, in spite of accomplishments 
achieved through the application of this knowledge, possibilites for 
further progress through research remain large. Basic research leading 
to new principles and broadening the understanding of physical 
phenomena is as essential to  continuing progress as is applied research 
directed toward specific goals of practical accomplishment. The 
latter serves the immediate needs of the Commission’s program, while 
the former underlies future capabilities. Research of both types 
contributes to the training of scientific manpower. 

AEC’s laboratories perform a vital role in the research program 
because of their unique facilities. Nevertheless, universities, colleges, 
and other independent research institutions make significant contri- 
butions also. 

This section briefly describes some phases of unclassified approaches 
to the solution of problems in physics, chemistry and metallurgy as 
they relate to atomic energy. Certain aspects in the development or 
improvement, and construction and operation of research tools are 
also outlined. 

$$ 

PHYSICS 

High Energy Nuclear Interactions 

Research with high energy beams from the cosmotron at the 
Brookhaven National Laboratory continued during the first 6 months 
of 1954. It was directed chiefly toward gaining a better understanding 
of the structure and behavior of protons and neutrons-chief constit- 
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,lents of atomic nuclei. One of the characteristics of protons and 
neutrons is that they emit short-lived part.icles called mesons upon 
colliding with other nucleons of high energy. Quantitative information 
about meson creation was obtained under known and controllable 
conditions through the use of high-energy accelerators. 

Indicative of the strength of the nuclear forces with which one 
nucleon acts upon another is the answer to the question of whether 
Ipi-mesons” (whose mass is equal to 280 times the mass of the electron) 
are always created singly or whether they can also be created in pairs. 
Experiments showed that not only can pi-mesons be created in pairs, 
but that at 2 Bev (billion electron volts) pair meson production 

predominates. Experiments with both cloud chambers and 
electron counters showed that neutron-proton collisions usually re- 
sulted in one positive and one negative meson, and proton-proton 
collision in two positive mesons. Although there was ample energy 
available, no cases of three or more mesons being created simultane- 
ously were observed. 

The creation of mesons heavier than protons or neutrons-“hyper- 
ons”-was also studied. The hyperon is unstable and may be thought 
of as a combination of a nucleon and a pi-meson. The system lives 
only 0.3 of a billionth of a second on the average and then decays into ’ 

a proton or a neutron and a pi-meson. Whether these hyperons can 
be created singly is of considerable significance. Cloud chamber 
photographs showed many examples of a hyperon being produced 
together with another heavy particle, but no example of one being 
produced singly. Evidence also indicated that protons of at least 1.5 
Bev energy are necessary to produce hyperons. This high energy again 
suggested that another heavy particle must accompany their creation. 

Reactions of High Energy Photons 

At the California Institute of Technology, investigators continued to 
use the 500 Mev electron synchrotron to perform fundamental experi- 
ments on the interaction of nuclei and elementary nuclear particles. 
Particular emphasis was placed on the photo-disintegration of the 
deuteron and the photo-production of charged mesons from deuterium. 
The photo-disintegration of the deuteron by high energy photons has 
been studied by measuring the emitted protons with a counter tele- 
scope. Results have been obtained for protons emitted at different 
angles and different energies. 

As the photon energy is increased from 80 MeV, the cross section 
decreases and then shows a plateau or even a slight increase near 300 
Mev followed by a rapid decrease in the differential cross section for 
higher energy. In the production of mesons from deuterium by 
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energetic photons, it was found that the values obtained for the ratio 
of negative to  positive mesons produced at forward angles lie between 
1.0 and 1.2 and is almost independent of energy. In the backward 
direction, however, at 140” the ratio is 1.4 between 200 Mev and 300 
Mev and increases somewhat a t  greater photon energies. 

Detecting the Free Neutrino 

Los Alamos Scientific Laboratory made further progress in deter- 
mining whether the free neutrino l2 exists in nature. If it exists, the 
neutrino should be capable of causing the transmutation of free 
protons into free neutrons, accompanied by the creation of a positive 
electron (positron). The probability of this occurring when one 
neutrino passes a given proton is exceedingly small. However, if 
enough protons are placed in an intense beam of neutrinos, such as is 
supposedly emitted by a large nuclear chain reactor, the transmutation 
should occur often enough to be detected with appropriate apparatus. 

First attempts to detect this event were made in 1953 near a large 
pile at Hanford, when apparatus designed at Los Alamos was used t o  
record the frequency of observation of two almost simultaneous occur- 
rences-one of which was the capture of a neutron and the other may 
have been the presence of a positron. The predicted pair of events 
was observed substantiating the theory. The next step in proving 
that these events are caused by neutrinos will consist in demonstrating 
that one of the pair is in fact a neutron “born” in the apparatus, and 
that the other is actually a positron produced at the same instant. 
An improved detector was designed at LASL using liquid scintillation 
techniques, and is now in the process of assembly. Consideration is 
being given to setting up this detector near a large reactor at the 
Savannah River plant in a further attempt to identify definitely the 
transmutation of protons to neutrons by neutrinos. 

I 

Interactions of Neutrons With Heavg Nuclei 

Additional data on the interaction of neutrons with nuclei were ob- 
tained using the neutron beams from the Brookhaven reactor. Total 
neutron cross sections l3 of many heavy nuclei, with atomic weights of 
from 100 to 238 and in the energy range of a few to several hundred 
electron volts, were measured with the high resolution “fast ~hopper,”’~ 
a device for separating neutrons of different energy ranges. The 

It See p. 92, Seventh Semiannual Report to Congress. 
13 See pp. 28-30, 15th Semiannual Report for explanation of neutron cross sections and “fast chopper? 

also, pp. 80-81, Seventh Semiannual Report for “neutron chopper.” 
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of the interaction of resonance energy neutrons I* and nuclei 
were determined from these total cross section measurements-par- 
tic&gly for the rare earth elements around atomic weight 160-in 
testing theoretical models of the nucleus. Data agreed with recent 
concepts of nuclear models, predicting a stronger interaction in this 
atomic weight region than older theories which predicted a value inde- 
pendent of atomic weight. 

 TO^ cross section measurements in the resonance energy region 
~ t h  the “fast chopper” and crystal spectrometer were also analyzed 
to determine the capture of resonance neutrons for many of these 

The constancy of capture width for various resonances 
for a single isotope, its decrease with increasing atomic weight, and its 

high values for isotopes having close to 126 neutrons were 
Results were significant in developing theories of nuclear 

Meawtments with the crystal spectrometer of the scat- 
tering of neutrons and activation cross section also yielded additional 
information on the interaction of neutrons with nuclei. 

nuclei. 

cross Section Measurement Program at LASL 

The Los Alamos Scientific Laboratory facilities for measuring cross 
of concern to AEC’s nuclear weapons and reactor programs 

approached the planned goal of having available sources of fast neu- 
trons covering a wide range of energy. The large Van de Graaf electro- 
static accelerator, now able to accelerate particles to 6.5 Mev (million 
electron volts), was in routine use. Its most important function was 
producing neutrons of energies greater than 5 Mev for fission, scatter- 
ing, activation, and gamma ray measurements in a relatively unknown 
energy region of great value in reactor, shielding, and weapons calcula- 
tions. 

One of the laboratory’s 2.5 Mev accelerators provided intense neu- 
tron sources from a few thousand electron volts (kev) to several Mev 
energy, permitting measurements of fission cross sections and neutron 
scattering experiments in the range in which a large fraction of the 
neutrons are emitted in fission. An intense source of 14 Mev neutrons 
produced by the deuterium-tritium reaction was obtained from a 250- 
kev accelerator. Measurements similar to  those at lower energies 
were made, but the large number of neutrons generated per second 
was of particular advantage in shortening exposure times and for ob- 
taining radiochemical samples. This 250-kev Cockcroft-Walton 
accelerator will soon be replaced with a larger, 600-kev accelerator. - 

I’ Resonance energy neutrons are those which have energies wfthtn certain niurow bands for which the 
m h m  are very strongly scattered or absorbed by a given nucleus. 
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Since charged nuclei are also involved in neutron reactions, a second 
250-kev accelerator was used primarily for studies of charged particle 
reactions at very low energies and for investigating the passage of pro- 
tons or deuterons through matter. Similar emphasis was placed on 
measuring cross sections for interactions of tritium nuclei, accelerated 
with other charged particles by a 2.5 Mev accelerator. 

Basic Studies on Neutron Physics of Multiplging Laaftices 

North American Aviation, Inc., conducted a comprehensive series 
of exponential experiments for heterogeneous uranium lattices. The 
exponential assembly is a subcritical, partial reactor core, driven by 
an external source of neutrons, which serves as a flexible facility With 
which to  perform nuclear measurements for proposed full scale reactor 
designs. The results obtained in this program will be used to  substan- 
tiate design calculations for reactor systems proposed for both produc- 
tion and electrical power application. 

CHEMISTRY 

Radiation Chemistry 

High energy particles and gamma rays emitted in fission, or by 
radioactive elements, promote chemical reactions in water. An under- 
standing of such reactions is useful in view of their application t o  
fundamental chemical and biological research and to the development 
of reactors using water as a coolant or moderator. Upon striking the 
water these high energy particles lose energy along their tracks. This 
energy is transferred to the water, decomposing it into stable molecular 
products (hydrogen and hydrogen peroxide) and into extremely 
reactive, short-lived hydrogen and hydroxyl free radicals. 

At the Argonne National Laboratory methods were devised for 
measuring the yields of these stable products and free radicals produced 
along the tracks of the particles. Results showed that stable products 
predominate for heavy particle radiations, such as alpha rays and 
fission fragments, whereas free radical production predominated for 
gamma rays and beta particles. However, the average energy 
required for water decomposition into these products does not depend 
on the nature of the particle. In liquid water the free radicals 
hydrogen and hydroxyl are able to exist for only a split second and 
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of hydrogen and hydroxyl radicals in irradiated ice was 
ined at ANL for the fist time using the very sensitive method of o b b  ob> .eruing their absorption of radio-frequency power when the imadi- 

d ice is placed in a magnetic field. ate At Oak Ridge National Laboratory, atomic hydrogen, i. e., free 
hydrogen, was discovered to exist in the solid state. It was 

educed by irradiating with gamma rays from cobalt 60 frozen 
of perchloric, sulfuric, and phosphoric acids cooled down to 

Identification was made by the use of 
spectroscopy techniques and confirmed by independent 

Pr 
liquid nitrogen temperatures. 

obsmation. 

Chevlical Efects o f  Nuclear Transformations 

The energy released in nuclear reactions is large compared to that 
needed to break even the strongest chemical bonds. Thus, atoms 

many unusual chemical reactions after undergoing nuclear 
transformations. The study of these effects is sometimes called “hot 
atom chemistry.” 

For example, if ordinary nitrogen (one of the principal gases of the 
atmosphere) is subjected to neutron bombardment, some of the nitro- 
gen atoms are converted to atoms of carbon 14. Carbon 14 is radio- 
active, decaying by emission of a beta particle to the original nitrogen 
14. If a compound containing nitrogen is bombarded with neutrons. 
a much higher yield of carbon 14 atoms is achieved, because there are 
more nitrogen atoms per unit volume of the soIid (or liquid) compound 
than in gaseous nitrogen. However, the energy released when a 
nitrogen atom is thus converted is sufficiently great to disrupt the 
compound into its original atoms and molecular fragments. These 
rearrange and react chemically to form stable compounds which are 
usually simpler than the original. Such “hot atom” systems were 
studied at Brookhaven National Laboratory. 

Neutron Difraction Study 

Theoretically the magnetic behavior of the ferrites is explained by 
assuming the existence of several interactions or coupling arrangements 
between individual atomic magnets. The dominant interaction has 
the effect of alining the atomic magnets into two opposing and noncom- 
pensating groups. Many interesting consequences of this picture were 

1’ The ferrites constitute a class of nonmetallic materials possessing magnetism. When neutrons interact 
with the atomic magnets whicb compose magnetic substances such as the ferrites, the neutrons are scattered 
bto an observable spatial pattern whose form Is determined by the way in which the atomic magnets a m  
Packed together. Such neutron d ihc t ion  axperfrnents have been used to establish models of the 
m g e r n e n t  of these elementary carriers of magnetism. 

303584-54---4 
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e 
verified by earlier neutron diffraction experiments at Oak Ridge 
National Laboratory, Brookhaven National Laboratory, and elsewhere, 

Recent experiments at BNL demonstrated the existence of one of 
the postulated subsidiary interactions in zinc ferrite where the domi- 8 
nant interaction is absent. Since this interaction is weak, it is 
necessary to perform the experiments at temperatures sufficiently low 
to overcome the masking effect of the thermal vibrations normally 
present at high temperatures. In these experiments neutron diffrac- 
tion patterns of zinc ferrite were obtained by using special equipment 
at temperatures a few degrees above absolute zero (-459.72' F.). 
Abrupt changes in diffraction pattern attributed to this subsidiary 
interaction were found below loo absolute zero. As a result of these 
neutron diffraction studies an understanding of the origin and nature 
of the magnetic properties of ferrites was extended. 

Helium Studies 

Although helium 3 occurs rarely in nature, experimentd quantities 
of this stable isotope were produced in nuclear reactors through the 
reaction of neutrons with lithium. Radioactive tritium, which even- 
tually decayed into helium 3, was first obtained. This source of 
helium 3 made possible a wide variety of studies of the properties of 
liquid helium at temperatures near absolute zero. These supplied 
important data concerning the binding forces existing between atoms 
and nuclei. 

Scientists at Argonne National Laboratory recently measured the 
specific heat of liquid helium 3 at temperatures down to within 0.42" 
of absolute zero. Results indicated that above this temperature 
nuclear interactions are not sufficiently dominant to cause nuclear 
spins (p. 49) in liquid helium 3 to line up in an ordered fashion. The 
effect of nuclear interactions is an important consideration in attempts 
to explain the unusual properties encountered in certain materials 
near the absolute zero of temperature, such as the disappearance of 
fluid friction (superfluidity) and of electrical resistivity (superconduc- 
tivity). Related work at other laboratories on the magnetic suscep- . 
tibility of liquid helium 3 indicates, however, that the nuclear effects 
do begin to show up at temperatures only slightly lower than 0.42" 
absolute. 

Measurements confirming the specific heat of liquid helium 3 were 
also made by different methods at Los Alamos Scientific Laboratory. 
In one instance it was added to liquid helium 4 and a large drop in 
temperature of the solution resulted, indicating a significant heat of 
mixing. Ideally the heat of mixing is zero, which holds true in the 
mixing of most isotopes. This experiment, which indicated that i t  did F E 
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hold true for helium 3 and helium 4, is an important step in under- not riding the forces between these two isotopes. In other experiments 
os Marnos, low-temperature properties of these two stable isotopes Sta 

at L of helium were investigated. Data were obtained on the total cross 
@tion of liquid helium 4 for thermal neutrons. A combination of 
this information, with the atomic distribution function deduced from 
x-ray scattering experiments, permitted an approximate calculation 
of the mean atomic kinetic energy and the root mean square force 
er atom in the liquid. Before this these quantities had not been P obtained so directly. 
0 ~ 0  State University made similar studies on the specific heat of 

liquid helium 3 whose results agreed with those of Argonne and Los 
N ~ ~ s .  The University designed and used a unique machine in 
maEng measurements at very low temperatures. It was a magnetic 
refrigerator producing continuous refrigeration at temperatures below 
10 absoluk zero. 

NW Emen& Discovered 

Discovery of two new transuranic elements was announced recently. 
These elements-numbers 99 and IOO-extend the series of known 
elements by two. The series now comprises eight beyond uranium, 
number 92, which was the heaviest element known before the United 
states atomic energy project began. 

Element 99 was produced by bombarding uranium 238 with 100 
Bfev ions of nitrogen 14 in the 60-inch cyclotron at the University of 
California Radiation Laboratory. The nucleus of element 99 thus 
produced rapidly evaporates five neutrons to give the isotope 247 of 
this element. The 247 isotope is very unstable, and decays with a 
half-life of 7.3 minutes, emitting alpha particles and transforming 
itself into berkelium. Prior to the production of element 99 by 
cyclotron bombardment, this elelr-ent had been discovered as a result 
of research work, not yet declassified, at Argonne National Laboratory, 
Los Alarnos Scientific Laboratory and the University of California 
Radiation Laboratory. 

Production and identification of both elements 99 and 100 was 
made in another fashion by groups working independently at the 
hgonne National Laboratory and UCRL. The laboratories reported 
that the elements were produced by subjecting plutonium to neutron 
bombardment in the Materials Testing Reactor. Several new iso- 
topes of plutonium, americium, curium, berkelium, and californium 
were produced also, making it possible to study nuclear and chemical 
properties of the newly produced nuclides. 
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Geochronologic Studies 

Age determinations of the carnotite and related ores of the Colorado 
Plateau by the lead-uranium and Pbm/PbZo7 methods have had an 
important bearing on theories of origin of the ore and are affecting 
exploration studies. Early in the study of these ores they were 
interpreted as having been syngenetic (fornzed during or soon after 
the deposition of the enclosing sediments). These are of late 
Jurassic and late Triassic age-some 125 and 150 million years old, 
respectively. If a given deposit is syngenetic, then i t  should be 
limited to a given formation. If it was formed by later ascending 
hydrothermal solutions, ore minerals may have been deposited at any 
favorable location between the currently known deposits and the 
source of solutions. I t  is of utmost importance, therefore, to learn as 
much as possible about the age and manner of origin of these deposits. 

In studies of the U. S. Geological Survey, the best age determina- 
tions thus far made on the uranium deposits of the Plateau give a 
value of about 70 million years, indicating a late Cretaceous or early 
Tertiary age. Intrusive rocks of about this age are numerous in the 
region; mineralogy of the deeper (unaltered) parts of some of the de- 
posits strongly suggests hydrothermal origin. If this interpretation 
is correct, exploration should be carried to much greater depths than 
would have been considered under the original hypothesis of origin. 

METALLURGY 

Stainless Steel Fuel Elements 

Techniques were developed at Oak Ridge National Laboratory for 
manufacturing stainless steel fuel elements to be used in a research 
reactor. Fuel assemblies similar in design to those used in the ORNL 
Bulk Shield Test Reactor I6-a gridlike assembly of fuel-bearing plates 
joined to inert side plates-can be made. However, these may prove 
to have an even higher safety factor than the aluminum elements 
presently used in the Bulk Shield Test Reactor. Calculations indi- 
cated that the amount of stainless steel in the fuel element for low- 
powered research reactors may be reduced to  such an extent that only 
a small penalty in critical mass will be sacrificed in replacing the 
aluminum with steel. 
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During the past year Knolls Atomic Power laboratory investigated 
the effects of neutron bombardment on several of the ordinary struc- 
tural metals, such as iron, molybdenum, copper, and the stainless 

This neutron bombardment is unique to reactors. During 
the life of a reactor the number of neutrons which pass through a given 

of metal will far exceed the total number of atoms in that vol- 
ume of metal. 

A number of changes were observed in the basic properties of metals 
as a result of the intense neutron bombardment. First of all the basic 

of the metals were changed. For example, changes are 
produced in hardness, ductility, electrical conductivity, and other 
properties. In addition to observing the overall changes in metals, 
s;cientists a t  KAPL were able to propose many basic mechanisms to 
,,,lain these changes. For example, they found that metals expand, 

'ng experimental evidence that neutrons displace metal atoms from gin 
their normal positions. In addition, they found that upon heating to 
high temperatures, these atoms returned to what might be called their 
normal residences. Therefore, the program is to observe first how 
metals are changed in reactor use and then to understand what the 
basic changes are in the atomic structure of the metals. 

The energy required to displace atoms from their normal positions 
in a metal crystal, and the subsequent migration of the interstitial 
atoms and lattice vacancies so produced were investigated by the 
Atomic Energy Research Department of North American Aviation, 
Jnc. Irradiation at liquid nitrogen temperatures and measurement of 
electrical resistivity at liquid helium temperatures show that in pure 
copper, copper-iron alloys, and nickel, 25-30 electron volts are required 
to displace an atom. 

By measurements at successively higher temperature i t  ws shown 
that motion due to thermal activation of the defects takes place in two 
distinct temperature ranges, one beginning near - 50° C., depending 
on the metal, and another near looo C., also depending on the metal. 
In the case of Cu-Au alloys it is concluded that crystal lattice vacancies 
cannot migrate below a temperature range around looo C. Other 
measurements and calculations are establishing the relation between 
distortions and defects in metal crystals and their electrical and mag- 
netic properties. These studies are combining to give a description 
of radiation damage in simple metals which is being extended to re- 
actor fuels aGo. 
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Analogous studies on graphite, coupled with a theoretical description 
of the electronic and crystalline properties of graphite, have provided 
many of the parts of a complete description of the effects of radiation 
on this substance. 

Structural Integritg of Reactor Components 

Sudden temperature changes of structural parts of reactors produce 
severe stresses on the materials involved. Repetition of these changes 
can result in structural failure by a process known as “fatigue.” This 
problem continued under study at KAPL from a fundamental view- 
point. These results would be applicable not only to reactor com- 
ponents design, but also to  a variety of engineering structures subject 
to  high temperature service. 

RESEARCH TOOLS 

Reactors, accelerators, and related faciIities are the unique tools 
required in research in the atomic energy program. Interest was = 

stimulated in research reactors by an announcement of AEC policy 
in this field. Another university received preliminary approval from ~ 

the AEC for the loan of fuel material for its reactor. Also, two new 
research reactors will be in operation in two of the national laboratories 
during the year. Three new accelerators went into operation and two 
others were in the design stage. Improvements were made on spec- - 

trometers, neutron detectors, and spectrographs. 

Research Reactors 
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The AEC policy on lending of fissionable material to universities for 
use in research reactors was announced at the University Research 
Reactor Conference held in Oak Ridge in February. The conference- 
sponsored by the Oak Ridge Institute of Nuclear Studies and Oak 
Ridge National Laboratory in cooperation with the National Research 
Council-was attended by 51 universities and 28 manufacturing 
concerns interested in, or already building, such reactors for universi- 
ties. 

Briefly, AEC will lend fissionable material for independent reactors, 
without charge for rental or processing, when this material is not in 
immediate demand for military use or for other ushby the AEC, 
provided the Commission has determined that: ( a )  The institution 
can provide adequate financing for construction of the reactor and 
for its continued operation for a reasonable period of time, (b)  the 
design and operation of the reactor will be in the hands of responsible&- I 
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technically competent people, (c) the reactor Will be used in a well- 
and ceived research program expected to contribute significantly to the 

f students in nuclear research, engineering, or other scientific eon 
.$ning 0 
fields, and (d) the loan meets the requirements of the Atomic Energy 
Act and is in accordance with the regulations of AEC regarding 
,-panti@ of materid, security, classification, accountability, and 

AEC will not commit itself to support the operation of such reactors 
nor to paying the costs of the buildings which house them. It will 

partial supPo& Of the construction of reactors at nonprofit 

The university Research Reactor Conference appeared to stimulate 
cow&mible interest in research reactors for use on university cam- 

b&h and safety* 

subject to availability of funds. 

PUSS* 

&g.ga West Reactor 

A new reactor, under construction for use at Los Alamos Scientific 
Laboratory, was scheduled for completion during the winter of 1954. 
The facility will replace the Fast Reactor popularly known as “Clem- 
entine,” built at h s  Alamos in 1946 and disassembled in 1953. The 
new machine known as the Omega West Reactor, was designed to 
operate at from 1 to 4 megawatts of power and is similar to the Low 
Intensity Training Reactor at Oak Ridge National Laboratory. The 
reactor and its associated facilities will greatly increase the research 
capabilities of LASL, and aid in solving the particular problems faced 
at Los A.lam0~. 

CP-5 

The CP-5 research reactor (Chicago Pile No. 5) at Argonne National 
Laboratory went critical at 7 p. m. on February 10. It is a heavy-water 
reactor designed to operate at one megawatt of power. Since Decem- 
ber, two shifts of personnel were transferred from the operation of the 
CP-3 to the CP-5 for training and testing. This research reactor was 
built to replace the CP-3 to be dismantled as soon its present experi- 
ments have been completed. 

University of Michigan Reactor 

The University of Michigan submitted a formal proposal to the 
Commission to build and operate a one-megawatt research reactor. 
Funds for the project were provided by the Ford Motor Co. The 
u~versity’s request for the loan of fuel material was given preliminary 
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approval by AEC. The reactor will be a “swimming pool” type, 
cooled and moderated with ordinary water and using enriched ura. 
nium fuel, Fuel elements will be suspended in a pool of water deep 
enough to serve as a shield against the radiation produced by the 
operating reactor. It will be part of the Michigan Memorial-Phoenix 
project, established with private endowments for studies of the peace. 
time implications and applications of atomic energy. The facility 
will be used for training engineers in research sponsored by the 
university and by industry. 

North American Aviation- UCLA Medical Reactor 

For the past 2 years the Atomic Energy Research Department of 
North American Aviation, Inc., and the School of Medicine at the 
University of California in Los Angeles have engaged in studies of a 
nuclear reactor designed specifically for cancer research and therapy 
utilizing neutron and gamma ray irradiations. A reactor design was - 
developed which will provide highly purified beams of thermal neutrons, 
fast neutrons, and gamma rays for research with animals, as well as a 
specialized facility for patient therapy. 

Heavg Particle Accelerators 

The University of California Radiation Laboratory and Yale 
University began joint design studies leading to the construction of 
heavy particle (carbon and nitrogen) linear accelerators producing 
heavy ions of approximately 10 Mev energy per nucleon. Each 
accelerator will cost approximately $1.2 million. 

The interactions of heavy nuclei with matter have not been 
extensively studied. These accelerators allow the production, identi- 
fication and study of trans-plutonium and trans-californium elements 
and the highly neutron-deficient nuclides of heavy and medium-heavy 
elements. They would also provide new methods of studying the 
forces and structure of the nucleus, radiation damage to materials, 
and the biological and biophysical effects of heavy ionizing particles. 

Two heavy particle cyclotrons have been in operation for some time. 
At Oak Ridge National Laboratory the 63-inch cyclotron was modified 
to  produce 28 MeV triply charged nitrogen ions, permitting many 
new types of reactions to be observed and cross sections to be measured. 
At the Crocker Laboratory of the University of California, the 60-inch 
cyclotron, produced carbon and nitrogen ions, and was used for the 
production of element 99, previously mentioned. Modification of 
this cyclotron began in February to increase the energy level and e 

make it  more suitable for accelerating these heavy ions. P 
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aota, Accelerator fifinn 

+th a Pr 
The fir st section of the University of Minnesota linear accelerator 

oton beam energy of 10 Mev came into operation on February 
This beam will be used in nuclear scattering experiments, even 
work proceeds on getting the accelerator into full scale operation. 17. 

While 

Stanjora h*nac 

Stanford University completed construction of a new micr6wave 
and began assembly of a 20-foot model section of a high 

linear electron accelerator. This accelerator will be used to enera  -lore the ultimate limitations of electron h e a r  accelerators in the 
enera range of billions of electron volts, as well as to improve the 
performance of components such as the klystron power tubes, injector, 

members. The 220-foot, 1 Bev electron linear accel- 
erator at Stanford will now be devoted primarily to  fundamental 

research under joint AEC-Office of Naval Research sponsor- 
ship. 

The synchrotron at California Institute of Technology was operated 
on a regular experimental schedule during its first year of operation. 
The intensity of its electron beam was increased more than ten times 
and it accelerated electrons to an energy of 500 MeV. Modifications 
will be made to increase the maximum energy of the accelerated 
particles to over 1 Bev during 1954. 

Bevatron 

The initial attempt to inject particles into the UCRL bevatron was 
made on February 2. During its first week of operation protons were 
produced with an energy of about 5 Bev, the highest energy to  which 
protons have been accelerated. N o  experiments have been performed 
with the protons produced as yet. However, i t  is expected that the 
bevatron will be in almost constant use in research work in the near 
future. Construction of the bevatron began early in 1949 and its 
total cost was $9.5 million. 

Neutron Cross Section Spectrometer 

The Knolls Atomic Power Laboratory neutron cross section spec- 
trometer, using a 100 million-volt betatron as the neutron source, was 
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improved by extending the neutron flight path from 7 to 20 meters, 
Since the energy resolution depends directly on the distance a neutron 
travels from the source, the increased flight path resulted in a threefold 
improvement. With the present resolution-about 20 times better 
than the best attainable at the close of World War 11-it was possible 
to obtain extensive new information for the reactor and weapons 
programs. 

Fast Neutron Detector 

Until recently the only satisfactory neutron detector was the Geiger. 
Mueller counter tube filled with boron trifluoride. The efficiency of 
such counters of manageable size, thin density of gas, etc., for detection 
of neutrons was as low as a few tenths of one percent for moderate 
energies of neutrons, and was totally inadequate over a large range 
of higher energies. 

However, a new detector was developed at the Argonne National 
Laboratory thst raised this efficiency detection to between 50 to 100 
percent, over a wide region of energy. It consisted of the usual type 
of liquid scintillator containing an addition of methyl borate. Neu- 
trons that enter the liquid are slowed down and captured by boron 
nuclei to  produce nuclear explosions, giving characteristic flashes of 
light that are detected by photomultiplier tubes. This sequence of 
events is very rapid, so that the response time of this detector tends 
to  be less than the uncertainty in the time of response of an alternative 
boron fluoride counter. The uncertainty results from the time taken 
for the neutron to  traverse the counter and the uncertainty as to just 
where it will interact in the counter tube. Unfortunately these 
counters are very sensitive to gamma rays and cannot be used in 
experiments where much gamma radiation is present. However, they 
permitted great improvement in those time-of-flight experiments in 
which no strong gamma rays are present. 

Optical Spectroscopy 

An extremely versatile 30-foot concave grating spectrograph was 
set up at the Argonne National Laboratory and is being used in 
investigations of nuclear spins, isotope shifts, isotope assay, and the 
investigation and determination of electronic energy levels in heavy 
element spectra;. Attention was focused on rare samples of special 
interest to the atomic energy program. Considerable effort was 
devoted to the development of light sources which provide sufficient 
intensity to obtain the data desired using only very small samples. 
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The components of the nucleus (neutrons and protons) manifest the 
Since the 

tion of a charged particle produces a magnetic moment, nuclei rob  ~ t h  spin also have magnetic moments associated with them. Nuclear 
a n  sometimes be determined from hyperfine structure in atomic spin spec&a. Hyperfine structure arises from the fact that the energy of 

tom is slightly different for different orientations between nuclear ana of the nucleus and angular momentum of the electrons because of spin the interaction between the nuclear magnetic moment and the 
etic field of the electrons. From the number of lines of the 

ne structure in the spectrum of a given sample, the nuclear spin 
can be determined. Using the spectrograph at high resolutionand 
g t h  an improved light source, it  was possible to investigate the 
nuclear spin of bismuth 210 with less than 0.1 microgram of material 
(one ten-millionth of a gram). 

With another type of light source and photoelectric recording of the 
spectrum of a mixture of isotopes, it  was possible to determine the 
isotope abundance ratio, using samples of the order of one microgram, 
with an accuracy which compared favorably with that obtainable 
~ t h  the mass spectrometer. The spectrograph was also used for 
precision wavelength measurements of heavy element spectra. 

of angular momentum usually called "spin." 

Gamma Rag and Beta Rag Spectroscopg 

A program of precision measurements in spectroscopy of nuclear 
and atomic-energy levels continued at the California Institute of 
Technology utilizing novel instrumental techniques. A curved crystal 
gamma ray spectrometer, using the same basic principles of crystal 
difiaction as have long been applied in the field of X-rays, was per- 
fected to work over the range of much shorter gamma ray wavelengths, 
from about.500 X-units down to 9 X-units corresponding to quantum 
energies from about 25 kilovolts to about 1.3 million volts, with 
extremely high absolute precision. A companion instrument of 
comparable precision, an axial focusing magnetic beta ray spectrom- 
eter with homogeneous field, was also developed in this same group 
for work coordinated and interdependent with the same program of 
nuclear spectroscopy. The latter instrument relies upon the former for 
its calibration, but performs many functions to which the former is 
not adapted. 

One of the latest problems to which this equipment was applied is 
the energy level scheme of tungsten 183, a daughter product of 
tantalum 183 after beta decay produced by irradiation of natural 
tantalum in the MTR. Results of this decay scheme are currently 



50 JANUARY-JUNE 1 9 5 4 

of considerable theoretical interest because of their bearing on th  e -  
new Bohr-Mottleson theory of rotational energy levels in nuclei. 

The program of this group also involves precision determinations 
of the physical constants and precision X-ray spectroscopic measure, 1 

ments some of which have a bearing on nuclear physics and some on 
pure research in the lower energy field. 

Neutron and Alpha Sources Available 

Neutron and alpha sources made from polonium 210 are Offered 
for sale by the radioisotope sales department of Oak Ridge National 
Laboratory.'' 

Neutron sources are made by mixing polonium with any of the 
neutron-yielding elements, principally beryllium, boron, fluorine, and 
lithium. Certain neutron spectra are now produced by mixing target 
elements in neutron sources. When spectra determinations now in 
progress are completed, it will be possible to produce neutron spectra 
which will conform more closely to desired specifications. The use 
of neutron sources for starting reactors, calibrating instruments, 
logging of wells, and in research has increased materially. 

Alpha sources are made with or without covers absorbing 10 to 60 
percent of the alpha energy. The sources are made to specifications 
for individual needs in research and industry. 
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The biology and medicine program of the Commission includes re- 
search activities relating to the establishment of control measures ~ 

Evacuationof 1 
against harmful exposure to radiation, and to the utilization of radia- 
tion sources. Application of close and careful safeguards to control 
radiation hazards involves the integration of protective procedures 
and techniques to safeguard the health of workers and the Nation in 
case of an emergency. Utilization of atomic energy is directed toward 
exploration and development of the beneficial effects of radiation in 
medical, biological, and agricultural studies. 

During the current period, progress was reported on studies of the 
effects of all types of ionizing and nonionizing radiations on man, ani- 
mals, and living plants. In particular, emphasis was given to the 
investigation of the relative biological effectiveness of high energy 
particles as compared with X- and gamma rays. Data are also in- 
cluded on the development and present status of instrumentation re- 

1' Inquiries should be addressed to the U. s. Atomic Energy Commission, Isotopes Division, Post Ofem 
Box E, Oak Ridge, Term. 
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ch for improved dosimetry and methods of radiation detection and 
S@ 
meawement- 

RADIATION EXPOSURES IN RECENT WEAPONS TESTS 

prior to the recent weapons tests a danger zone was established sur- 
ding the proving grounds; within this area a hazard from radia- roun tion might exist to  shipping or aviation. Appropriate notices on the 

and the establishment of the danger zone were carried in 
Marine and aviation navigational manuals. Before each shot of the 
series, il, careful survey was made of the winds at all elevations up to 

thousands of feet, and survey aircraft searched the area for mmY 
shipping. The purpose was to take every precaution against radiation 
aOsme of inhabitants of the area, the task-force personnel, and crew 
or of vessels or aircraft. 

During the tests, radioloeical monitoring teams were set up and the 
network of stations as usual was in operation to collect 

and measwe fall-out-radioactive particles from the explosion de- 
%ending to the lower atmosphere, the sea, or the earth. Measure- 
ments were made of airborne, ground, and water activity. The only 
fall-out of consequence was that which followed the first detonation of 
Jlarch 1, when a shift of the winds occurring after the detonation 
carried radioactive particles toward the islands of Rongelap, Rongerik, 
and Utirik. Thirty-one American test personnel, and 236 Marshallese 
were exposed to radiation. A Japanese fishing trawler, the Fukurgu 
Maru (Fortunate Dragon) was also in the path of fall-out. 

Eaacuation of Test Persomel 

The 31 Air Force, Army, and Navy test personnel were evacuated to 
Kwajalein for physical examinations and observations; None of the 
men experienced any symptoms of radiation illness, and medical ob- 
servations to date do not indicate that any permanent harm has re- 
sulted. All of the men included in this group were returned to mili- 
tary duty following complete physical examinations at Tripler Gen- 
eral Hospital, Honolulu, T. H. 

Inhabitants of Marshall Islands 

The Marshallese from the islands of Rongelap and Utirik within the 
wea of fall-out following the first detonation were evacuated promptly 
by the Task Force to Kwajalein. It was found that of the 236 evacu- 
ated, 74, all from Rongelap, experienced radiation burns, principally 
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on the scalp or the neck. These burns are now almost comple~lg 
healed. Hair from the heads of about 39 of these had fallen out in 
patches. However, normal hair regrowth is takng place. Urinalysis 
tests for radioactivity indicated that the exposed persons had inhaled 
or ingested small amounts of fission products. Preliminary data shop, 
that in no case did the body burden for the various radioactive isotope, 
exceed the permissible limits. 

Every possible effort was made to provide for the immediate comfort 
and well-being of the Marshallese at Kwajalein. Routine sick call 
and medication, physical examinations, and serial blood counts were 
continued throughout their stay. The medical observations to date 
indicate that there is no reason to  expect any permanent after effects 
on the general health of these people. The residents of Utirik have 
returned to  their homes. The Rongelap residents were moved to 
Majuro Atoll for temporary occupation of dwellings built for them, 
These are of a new and improved type, better adapted to the comfort 
and the needs of the people than the usual type of island houses. It 
is expected that occupation of Majuro will be for approximately 6 
months to  a year, after which the natives can be reestablished on their 
original homesites in their new-type homes which will be moved from 
Majuro. During their temporary occupation, they are being furnished 
with livestock, provisions, and other supplies in order to  maintain 
living standards at least equivalent to those prior to their initial 
evacuation from Rongelap. i I 

Japanese Vessel Exposed to Fatl-out 

The Japanese fishing vessel, Fukurgu Maru, was reported by its 
captain as being located at approximately 50 miles northwest of 
Rongelap Island (11O 53%' North latitude and 166' 35%' East longi-: 
tude) at the time of fall-out in that area. Following return of the ship 
to  Japan on March 14, a report by the Japanese authorities stated' 
the crew members were ill and showed skin burns from radiation,: 
Japanese physicians gave the crew members medical treatment. 
Medical assistance was offered the Japanese by the United States 
through the American Embassy at Tokyo. The Japanese have not 
yet called for such assistance. However, they did request United 
States aid in making chemical analyses of some urine samples. These 
were performed at Commission laboratories. The injured men are 
reported by the Japanese physicians to be improving satisfactorily. 

It is regretted that the crewmen of the Fukurgu Maru were injured 
as the result of being exposed to  radiation from the first detonation of 
the recently concluded series. The welfare of the patients will continue 
to be of interest to the United States, and the negotiations for settle 
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of this incident are being handled through the Department of 
and the American Embassy in Tokyo. In this connection Am- me* 

dor Allison informed the Japanese Government that the United 
b@ would pay just compensation and also would reimburse the 
injured fishermen for reasonable expenses for current medical care and 
family relief, including wages. 

state 

~ ~ ~ ~ ~ f i  on Contaminated Tuna Fish 

fish aboard the Fukurgu Maru were reported by the Japanese press 
ossly contaminated with radioactive materials. Quantitative t o b e f l  

dab on the degree of contamination are few. It appears probable 
that observed contamination consisted largely of radioactive materials 
on the exterior surfaces of the fish from contact with fall-out material 
on the ship. United states representatives in Japan were not afforded 

omnity to verify the fact or the degree of radioactivity an OPP 

Subsequent to the return of the Fukurgu Maru, a number of other 
Japanme fishing vessels and their cargo were reported to involve 

radioactivity to require destruction of the fish. In one 
immce a single specimen fish was made available for study. Analysis 
of this specimen at an AEC laboratory showed the radioactivity of the 
edible portions to be well within acceptable limits for food and water 
for continuous use by humans. 

The amount of activity in Bikini and Eniwetok lagoons would make 
it unwise to eat fish from these areas, at least for the present, without 
having them monitored prior to human consumption. Information 
presently available indicates that the fish in the lagoons of Rongelap, 
Rongerik, and Utirik are suitable for consumption. The activity in 
the lagoons other than Bikini and Eniwetok and in the open sea is so 
small that no deleterious effects may be expected to the fish them- 
seives nor will the edibility 

Informed scientific opinion, borne out by recent continuous moni- 
toring by the Federal Food and Drug Administration of tuna fish 
coming to the west coast from the Pacific fishing grounds, and further 
supported by several years' results of AEC marine biological studies, 
provides no basis for alarm as to the consumption of tuna caught in 
the Pacific. 

for this or later for other cargoes. 

the fish be impaired. 

Fall-out in the United States 

Following nuclear detonations, radioactive debris is distributed by 
normal air currents over large areas and with sufficiently sensitive 
& b e n t s  may be found to  encircle the globe. Small amounts were 
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deposited widely over the United States during the Pacific tests aQd ~ 

in some areas resulted in transitory rises of the normal background t 
radiation levels. 

Transportation of the radioactive materials to the United Stabs 
took only several days. 
topes, such as iodine 131 (8-day’ half-life), were still present in the 
fall-out. Although the amounts of radioactivity deposited were 
biologically insignificant, i t  was possible, by special techniques, to 
demonstrate radioiodine in the thyroid glands and in the urine of 

grazing animals. Extremely minute quantities of iodine 131 were 
also detectable in the urine of some humans for a short time. 

The radioactive isotopes to be found normally in the body 
potassium 40, carbon 14 and radium 226. The radiopotassium and 
radiocarbon are distributed throughout the tissues while the radiw 
is almost entirely located in the skeleton. In addition to i 
internal irradiation, man is subjected to cosmic rays from without f 
and to the gamma rays from radium in the soil. To this natural 
exposure, the radiation from bomb products is added. The point of 5 
interest in terms of health lies not in the mere presence of radioisotopes 
but in the amounts and more specifkally in the quantity of radiatiod 
doses delivered by these radioisotopes. The levels of activity from i 
fall-out, outside the area surrounding the Pacific Proving Ground, f 
have been far less than any required to produce detectable injury either 
from the radioisotopes within the body or from external radiation, 
or from a combination of the two. 

Thus some of the shorter half-life radiois& ~ 

I 
CIVIL DEFENSE t 

L 
E 

In its cooperative program to furnish technical advice and informa- 
tion relating to national civil defense preparedness, the Commission 
participated in a number of special meetings and discussions. A 
White House Conference for State GoverQors, arranged by the Federal 
Civil Defense Administration included an address by Chairman 
Strauss outlining AEC civil defense activities common to the national 
security program. Sessions were held with staff members of FCDA 
and the Department of Defense to determine current needs of FCDA 
and the feasibility of future civil defense experiments during test 
operations. 

The AEC expressed a willingness to cooperate in all ways possible 
in a civil effects test program comprising: Structures and associated 
services and equipment; industrial participation; civil defense training 
exercise; and observers and public media participation. Proposals 
have been submitted on certain parts of the total program by FCDA 
These are being reviewed for feasibility pending official action on; 
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AEC developmental tests. Staff members also reviewed design 
criteria for protection construction standards to be released by FCDA 

ide Federal agencies and the public in erecting structures in or 
to @ designated target areas. Assistance was also given to the Bureau 
near of Ships, Department of the Navy, on design criteria and materials 

for construction of adequate shelters. A classified briefing 
held for the civil Defense Committee of the Life Insurance 

W@ Nociation of America to acquaint them with the responsibilities of 
dd defeme. 

Enz@.gml/ Radiation Monitoring Teams 

Pending establishment of civil defense organizations with definite 
functions for radiological defense, the Commission acted in 

1949 to establish emergency radiation monitoring teams in about 20 
locatio~ throughout the United States, to operate under the jmisdic- 
tion of 5 AEC operations offices. These teams were composed of 
AEC and contractor personnel experienced in radiation detection 
work at atomic energy installations, and stood ready to monitor any 
radioactivity resulting from enemy attack or disaster, using radiation 
dewtion instruments stockpiled by the Commission. 

In the period since establishing this emergency monitoring network, 
civil defense organization and training have made appreciable strides 
forward, with the result that on January 4, 1954, after consultation 
~ t h  the Federal Civil Defense Administration, the AEC teams were 
relieved of responsibility for civil defense radiological monitoring 
operations. AEC continues to serve as scientific and technical adviser 

FCDA and to State and local civil defense bodies in this area and 
wherever AEC experience and competence apply. 

Also, AEC continues to make available, on a loan basis, radiation 
detection instruments and certain radioisotopes for civil defense radio- 
logical training use by States and cities, upon endorsement of their 
applications by the FCDA. Loans to  the following were made in the 
current 6 months period: Texas and Arkansas-instruments; Florida 
and Texas-radioisotopes. 

Dissemination of Information from Civil E$ects Tests 
Information compiled from weapons test reports of the spring 1953 

series at the Nevada Proving Ground was issued as public information 
by FCDA. It includes data on air-zero locators, identScation tags, 
typical frame residences, and home shelters. 

The genetics experiments in the spring 1953 test series were of 
Particular scientific interest. Unclassified extracts from the weapons 
test reports were given at several scientific meetings, and 14 articles on 
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f the results of the exposures of genetic materials to nuclear radiation E 

were reviewed for publication in scientific journals. 

Declassification of Operation IVY Film 

- s p 
i 

The declassification and public release of “Operation IVY’ ’--the 
official film of the test of a thermonuclear device at the Pacific Proving 
Ground in 1952-was a major contribution to  national civil defense 

RESEARCH IWESTIGATIONS 

Increased emphasis continued to be given to integrated research 
studies on various types of radiation, providing data on the effects of 
radiation on biological systems. Particular attention was centered f 

on the biological effects of neutrons. These effects are more difficult [ 
to study, and consequently, less well-known than those of X- and 

irradiation without significant exposure to other types of radiation, [ 
and because of difficulties of measurement of neutron dose in the pres. 
ence of other types of radiation. Neutron effects are important not 
only in research applications, as discussed here, but to the weapons 
development program and in civil defense activities. 

Somatic Mutation Program 

Studies at Brookhaven National Laboratory of the effects of radia- 
tion on plant growth and reproduction utilize both gamma and neu- i 
tron sources developed in the reactor. Under the somatic mutation t 
program, a cobalt source is used for experiments in a “gamma field” * 

where plants of several varieties are planted in concentric circles at 
various distances from the center in order to receive varying radiation 
exposures throughout the growing season. This program, started in 
1952 on a small scale, was expanded recently with the major agricul- 
tural experiment stations in the East cooperating in the project. The 
objective is to test the feasibility of producing useful mutations by 
means of ionizing radiations in plants, shrubs, and trees normally 
propagated asexually. 

The experiment stations select the material to be treated, and after 

screened at the originating station for usefulness. Most of the ma- 
terial sent in is grown in the “gamma field” and careful observations g 

are made of the effects produced. Continuous radiation upsets the 
normal growth of the plants, and i t  appears that each variety responds 

gamma rays. This is true because it is difficult to produce neutron f 

irradiation at Brookhaven Laboratory, any mutations produced are L 5 c 
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At certain dosage rates, some plants grow more 
The leaves of others grow in peculiar ways, and the coloring 

Ome flowers changes. Many mutations are produced and careful 
;Snalyses are made both for fundamental causes and in searches for 

new varieties. It is hoped that this research may supply posi- 
tive answers concerning the usefulness of radiation as a tool in plant 
breeding in the near future. 

In addition to the cobalt source, the Brookhaven National Labors- 
is making use of thermal neutron facility for mutation production 

in plants. It was shown that thermal neutrons are more effective in 
educing mutations than other forms of radiation. Also, it  is be- Pr coming clear from other studies that radiation damage to biological 

material from neutrons is produced by quite a different mechanism 
from that which OCCUTS following X-ray or gamma irradiation. 

Recent work with neutrons led to findings on inducing disease re- 
sistance in plants. Rust diseases bring annual losses of millions of dol- 

a different way. 

lars to the oat crop-the Nation’s third largest cereal crop (after corn 
and wheat). Investigators at Brookhaven exposed several hundred 
oat seeds of the Mohawk variety to thermal neutrons. After the 
first crops were harvested, seeds were planted in the summer of 1953 
and a second-generation group grown. Artificial inoculations of oat 
stem rust fungus (Race 7A), to which the Mohawk strain is particu- 
larly susceptible, were given to these plants. Seeds from the few un- 
infected plants were taken and planted in the fall. Resultant plants 
were inoculated with the rust disease but continued to show resistance 
against it. AS far as is known, the new strains have all the desirable 
characteristics of the original Mohawk variety, including high yield. 
Further experiments to determine applicability to other varieties and 
crops will continue. 

Radiation Efects on Tobacco and Potato Plants 

Experiments in the Brookhaven “gamma field” also included 
radiation of a species of tobacco plants. Results showed that irradia- 
tion produced a moderately high rate of induced tumors. The tumor- 
induction rate at fairly high dosages (300 roentgens, T,  per day) in the 
gamma field was greatly increased over the control lot, not only in 
numbers of tumors per plant but in size of individual tumors. The 
significance of this response is not yet understood. However, it  is 
the fist report of a tumor in plants induced by gamma radiation, al- 
though radiation-induced tumors have been recognized in animals for 
many years. 

PP. 75-80,llth Semiannual Report. 
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Investigations on the effect of radiation on the “keeping” qualities 
of potatoes also showed some interesting results. A quantity of p0. 
tatoes was divided into five lots-four were given various radiatioF, 
doses and the fifth lot kept as a control. The potatoes were all stored 
later under conditions comparable to standard potato storage con, 
ditions, and samples taken periodicaily from each lot were tested for 
taste and graded according to standard potato-grading procedures. 

At the last test period, it was found that most of control lot had 
spoiled, but those that had been exposed to 20,000 r were still Grade 4 
potatoes in all respects. Potatoes exposed to  about 5,000 r might be 
classed as Grade B, as well as those exposed to 80,000 r. Apparently 
in late spring, when potatoes begin to sprout, an enzyme is released 
which is.responsible for the breakdown of the starch. Sprouts are 
inhibited by relatively small doses of radiation, and consequently the 
starch is not broken down. At the higher doses, apparently, there is i 
enough cellular destruction to cause a general breakdown over a long f 
period of time. These explanations have not been verified. However, L 

there seems to be little doubt of the existence of the phenomenon, 
since i t  was previously observed quite accidentally in other experi. 
ments, and this research project was designed specifically to  investigate 
this point. 

Radioisotope Tracer Studies in Lakes 

Radioisotope tracer techniques, utilizing radiophosphorus, radio- 
calcium, and radiostrontium, have been of much value in contributing 
to studies of the uptake of radioactive elements in plants, and also 
to studies on the metabolism of plant nutrients. Phosphorus-an 
essential element to the growth of plants in both land and aquatic 
species-is often found to  be deficient in soils, or in lake bottoms, for 
normal plant or animal growth. Investigators under an AEC- 
University of Wisconsin research project have been examining the 
problem of phosphorus uptake in the many lake regions of the State’s 
northern water areas, classed as “bog” or “dead” lake areas. These 
lake regions have proved suitable for use in field experiments utilizing 
radioisotope tracer studies. The mineral nutrients in the water and 
mud bottoms of these lakes are so bound chemically that they have 
not been available to growing plants, fish, and aquatic insects and 
other forms of animal life. 

A study of mud-water nutrient exchange was made by placing 
radioisotopes in mud core samples at different depths from the bottom 
lake mud, and measuring the uptake of these radioisotopes by the 
water under various conditions. The method for releasing the 
nutritional materials in these lakes consisted of neutralizing the acid 
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,,ndi~ons with appropriate ~ O u n t s  of lime. This cleared the water 
brown colloids present, and by undetermined reactions the 

B~ this chemical application, phosphorus was made available a d s *  for algae production, supplying food for small fish. This is similar to 
ho- hate fertilization of pastures which increases food supplies for 

1 qaEng use of the methods to release plant nutrients, many of the 
were planted with rainbow trout and bass on an experimental ld@ production basis. The trout-carrying capacity of the “bog” lakes was 

to double that of its previous capacity. A return of at 
least 25 pounds annually can be expected for each acre of lake. Aside 
from food production value, the Wisconsin “bog” lakes can become 

rbn t  as recreationd areas-a major source of income for the 
hpO Stat;e* However, the usefulness of the knowledge obtained by the 

group is not restricted to management of “bog” lakes. For 
example, its application to a clear-water lake such as Lake Mendota 
may prove valuable in increasing the fish-carrying capacity, since the 

of phosphorus in the bottom mud below the 10-meter contour 
is &mated as more than a million tons. 

of the ienb--principally phosphorus-were released from the bottom 

P attle, .p resulting in greater beef production. 

Effects of Alpha-Emitting Isotopes 

Investigations were carried on at Mound Laboratory of the effects 
of alpha-emitting isotopes on laboratory animals and microorganisms. 
polonium 210, a pure alpha emitter, when injected into rats was found 
widely distributed in all of the soft tissues, One-half of the amount 
injected is eliminated by natural processes and decay in about 35 days, 
and one-half of that remaining is eliminated in each succeeding 35-day 
period. The kidney appears to be the organ which is most affected 
following injection of a single small dose, although evidence of damage 
was observed long after polonium disappeared from the tissues. 
Experiments are being made to determine the precise method by which 
alpha radiation attacks tissues. The critical effective dose of polonium 
which will definitely shorten the life span of the rat was established, 
and an approximate critical value for humans calculated. 

In the case of the element actinium, the effects are complicated by 
the decay of actinium through a series of eight major radioactive 
decay products (daughters). During this decay alpha, beta, and 
gamma radiations are emitted. A relatively simple procedure, not 
requiring chemical separations, was developed for the quantitative 
determination of actinium 227 and its relatively long-lived daughters, 
th~rium 227 and radim- 223. The method is ideally suited to  
biological studies. Preliminary data indicated that after intravenous 
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injection of a mixture of actinium and its daughter products into rats 
about 50 percent of the dose becomes localized in the bones and 
remains there almost indefinitely. The remainder of the dose is 
distributed to the soft tissues and is eliminated eventually. The 
daughter elements are eliminated from the tissues much more rapidly 
than the parent material. These experiments were extended 
include the effects of the route entry, the effect on reproduction, and 
the transfer of active material to the young through the placenta and 
milk. A series of studies on the effects of small doses of actinium on 
mice is in progress, and a substantial number of bone tumors Were 
noted at an earlier date than normally observed. 

Studies with microorganisms showed that a number of organic 
compounds inhibit cell division in a manner similar to  that of alpha 
or X-radiation. Studies being made to determine the mechanism of 
this inhibition have revealed significant differences in the relative 
amounts of various nitrogen-containing compounds found in normal 
and in treated cells. 

Radiation Dose-Measuring Device 

The damage of radiation in the human body generally takes place f 
within the individual cells. Measurement of this radiation dose is an F 
essential step in estimating the extent of injury to  tissue or body 
fluids. Such information is also important in determining levels of 
permissible exposures for the various types of radiation. 

An AEC-Columbia University research group developed a type of f 
“wall-less” chamber which promises to be an effective dose-measuring 
device. The term “wall-less” chamber was applied to  this device 5 
because the region (or ion-collecting volume) in which the ionization I 
process takes place is defined by magnetic lines of force rather than 
material walls. By enclosing the system in an aluminum sphere or a 
cylindrical steel tank, pressures other than atmospheric or any tissue 
equivalent gas may be used. By varying the gas pressure it is 
possible to simulate cells of almost any size. The radiation dose in a 
single cell can then be determined no matter how small the cell or 
how the radioactive material may be distributed in the cell. Phos- 
phorus 32 was used for these studies and continued investigations will 
include radioactive iodine, gold, sodium and potassium. 

Neutron Toxicity Studies 

With continued increase in activities involving the emission of 
neutrons, the need for firmer estimates of maximum*permissible levels 
of exposure, both to neutrons alone and to  neutrok in combination E 
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+th gamma radiation, has intensified. One approach to this problem 
the determination Of the biological effectiveness of neutrons in 

is 
of X- or gamma radiation for which exposure levels are well tern Neutron toxicity studies in this field were made at the 

national laboratories and data reported on current 
@dings- 

Arg07212e National Laboratory.-The first step in the ANL studies was 

the 
of complete survival curves of experimental animals 

The Carworth 
Fsm female mouse was used in this acute lethality study. 

Resulk showed that whether mice were irradiated during 1% or 24 
horns with a given dose of fast neutrons there was no significant 
change in their lethality. The dose that would kill 50 percent of the 

within a 30-day period after exposure (LD-50) remained the 
-approximately 210 r equivalent physical of fast neutrons. same 

Although the time of exposure, and consequently the dose rate, were 
changed by a factor of 16, there was no significant difference in the 

However, it was found that with exposure to gamma rays from cobalt 
60 the dose rate had a marked effect on mortality. When the total 
dose was given in 1% hours, the LD-50 (lethal dose for 50 percent) was 
about 920 r. Increasing the time in which the total dose was delivered 
to 24 hours, increased the LD-50 by 44 percent to about 1,320 r. 

The ratio of various doses required to produce the same biologcal 
effect of fast neutrons and cobalt 60 gamma rays can be calculated for 
lethality of the female mouse-4.4 for 1jh-hour irradiation and 6.25 
for 24-hour exposures. 

After survival curves for pure radiations were established, experi- 
ments were undertaken in which the additivity of the effects of varying 
mixtures of the two radiations were studied. If mixtures of fast 
neutrons and gamma rays were completely additive in their biological 
effectiveness, then the mortality curves of the mixed and pure radia- 
tions should be identical. Results showed that this was not the case. 
The “departure from additivity” was greatest when the gamma 
component of the mixture was lowest. A maximum departure of 11 
percent was obtained when the mixtures were made up of one-third 
gamma and two-thirds neutrons. It was concluded that the 1~4 hour 
mixtures of the two radiations were not strictly additive in producing 
lethality, since the gamma component in a mixture, especially if 
small, did not contribute the same proportional lethal effect. Further 
experiments are being carried out to test this hypothesis. 

Experiments are being made to determine the relative recovery of 
mice after both chronic and acute exposure to fast neutrons and to 
gamma rays. Animals were exposed for varying lengths of time, at 

expoSue to each of these ionizing radiations. 

curves after fast neutron irradiation. 
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different dose rates, and to fractionated doses with various ti&, 
intervals. From such comparative studies that portion of the dose 
that caused irreparable damage could be estimated, as well as a ‘(re. 
covery factor” after such exposures. 

The patterns of mortality following these two kinds of ionizing 
radiation are strikingly different. A single large peak of mortality 
occurred 4-9 days after acute exposure to  fast neutrons, whereas the 
peak of death after gamma radiation occurred considerably later-... 
about 12-15 days after irradiation. 

In determining what protective effects might be taken against 
ionizing radiations, studies were made with streptomycin, an anti. 
biotic, and cysteine, an amino acid. In previous experiments, some 
satisfactory results were obtained using these materials. Mice b. 
radiated with fast neutrons were given daily subcutaneous injections 
of 5 or 6 milligrams of streptomycin. Irradiation controls received 
daily injections of sterile salt solution. Streptomycin therapy pro. 

30-day mortality as dramatically as in mice exposed to comparable 
doses of X-irradiation. The antibiotic, however, gave definite and 
marked protection to the mice for 10 or 11 days following the neutron 
exposure. 

These results suggested that bacteria1 invasion was one factor in the 
deaths of mice exposed to fast neutrons. Work is continuing using ‘ 

injections of spleen homogenates, in order to identify clearly the 
different mechanisms that may come into play following exposure to ~ 

fast neutrons and to gamma rays from cobalt 60. 
Cysteine pretreatment was shown to  confer significant protection 

in mice against the acute lethal effects of these two ionizing radiations, 
The protection observed against fast neutrons was, however, only 
about one-half as much as apainst gamma radiation. Data supported 
the concept of a true dose reduction in the sense that primary mecha- 
nisms were involved. 

Studies are being continued on the production of tumors, leukemia, 
cataracts, as well as effects on fertility, development of young, and 
length of life, in animals surviving these pure radiations and mixtures. 
In addition, the gamma-neutron radiation chamber is used in col- 
laboration with other investigators at Argonne National Laboratory 
and elsewhere, for the exposure of a variety of plants and animals to 
determine the biological effectiveness of the two ionizing radiations. 

Los Alanzos Scientific Laborutorg.-The Los Alamos Scientific Labo- 
ratory continued neutron toxicity studies using a number of mam- 
malian biological test systems. The radiations studied included : 
thermal neutrons and 4.9 Mev gamma radiation from the Los Alamos 

longed survival time at all dose levels, although it did not reduce the i Data were 1 - 
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Dab were reported by AEC-New England Medical Center investi- 
gators at Boston on findings in blood platelet research. Platelets are 
colorless, disk-shaped bodies found in human blood and in the blood 
of all other mammals. It is now possible to type and group platelets 
much the same as is being done with red blood cells before normal blood 
transfusions. Platelets play an important part in blood clotting, and 
it was shorn that Some irradiated animals were protected from 
bleeding through transfusion of platelets from the blood. When the 
entire body was exposed to ionizing radiations in other experiments, 
a reduction in the number of blood platelets was produced among 
other effects. In some instances, platelet formation ceased entirely. 

Further studies are needed, and continued efforts may prove of 
significant value in combating such maladies as thrombocytopenic 
purpura-a blood disease in which bleeding occurs under the skin and 
internally. 

:Vucleic Acid Metabolism and Neoplasia 

The use of tracer isotopes in following the turnover of biochemical 
compounds in living cells brought out a number of differences between 
the metabolism of cancerous tissues and that of normal body tissues. 
One such study, recently reported from the Sloan-Kettering Institute 
for Cancer Research in New York City, concerned the incorporation 
of certain labelled purines (a certain type of organic base) into the 
nucleic acids of the nucleus and cytoplasm of cells incubated in tissue 
culture. The process is followed by radioautography of the tissue 
sections before and after digestion with enzymes attacking the nucleic 
aids. 
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Considering overall averages only, no difference was found in the 
concentration of the purines in the cells of embryonic mouse skin and 
in tumor cells after a given exposure. However, when a graph was 
made showing the number of cells in each range of isotope concentral 
tion, a considerable difference was apparent. The skin controls 
showed the usual statistical distribution around a single high Peak 
However, the tumor cells fell into a bimodal distribution, indieatin$ 
that there were at least two cell types in respect to  the purine Uptake, 
The cells of the less active group appeared to be benign, while most of 

the more active cells were obviously malignant. 
A further indication of the quantitative metabolic difference was 

brought out in experiments involving addition of ordinary adenine 
(one of the most important purines) to compete with the related 
radioactive purine in the medium. This depressed the uptake of the 
tracer in all cases, as would be expected, but the effect was more 
pronounced in the tumor cells than in the skin cells. 

Studies of Protein SQnthesis 

An approach to  the measurement of protein synthesis is being made 
by using carbon 14 labeled amino acid as tracers. Work was directed 
to provide a basic approach to the study of cell proliferation in tissue 
directly applicable to  studies of irradiation damage and protection, 
Recent experiments at the California Institute of Technology, 
supported in part through AEC funds, present some significant 
developments. 

Since reticulocytes (immature red blood cells) can be followed both 
in the test tube or in the body, these techniques were applied in studies 
using rabbit reticulocytes. A new class of biochemical cofactors wa5 
found which caused carbon 14 labeled amino acids to  become incorpo- 
rated into the cells. The stimulating factors, or system of factors, 
were certain amino acids, certain metals, and a carbohydrate factor 
or factors which may be isolated from the nonprotein fraction of the 
liver. Four additional factors were isolated from liver tissue a n d  
appeared to have a sugar, and certain amino acids in common. Each 
appears to  be slightly different. Also, a stimulating factor was isolated 
from the nonprotein filtrate of plasma from anemic rabbits. The 
incorporation of labeled amino acids into protein is stimulated by all 
of these factors. The findings furnish a method of studying the con- 
current synthesis of heme, globin, nucleo proteins and nucleic acids. 

Analgsis of Drug Actions 

An AEC-research group at Rice Institute, Houston, Tex., used 
radioiodine (1-131). as a testing agent to determine the effectiveness of 
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certain drugs. In the POUP'S recent experiments with rats, it  was 
that the commercial anthelminthic drug "phenothiazine" had 

immediate and marked blocking effect on the uptake of radioactive an 
iodine in the rat thyroid. This drug is administered by veterinarians 
treating hogs, sheep, and cattle. In some cases, i t  is also employed 
in human treatment. Since the drug is a regular constituent of the 
diet of livestock, further investigations are being made to determine 
if the blocking action of the drug is typical of an antithyroid drug, or is 
due to possible impurities in the commercial preparations. 

Studies on radioactive dust retention in the body progressed at the 
Uc-university of California (Los Angeles) project. Inhalation of 
mdioactiVe dust particles in high concentrations constitutes one of the 
chief potential radiological hazards to animal life. Although some 
mdioactiVe materials are eliminated from the body rapidly, others . 

are retained and may concentrate in certain parts or organs of the 

In recent experiments, rabbits were exposed to high levels of radio- 
active dust collected from the Nevada Proving Ground. Examina- 
tion of sections of the lungs (in polarizing microscope) showed heavy 
deposition of particles in the alveolar membranes and in the smaller 
airways. Most of these particles measured 1-2 microns (the original 
dust ranging from 0 to 5 microns). Radioactivity retention as a 
result of such exposures was measured on ashed specimens of lung 
and stomach. The amount of retention indicated an increase with 
longer exposures and higher dust concentrations. However, this 
increase was less than would be predicted by a simple direct propor- 
tionality. 

The results revealed a definite effect of particle size on the dis- 
tribution and retention of radioactive material. With smaller par- 
ticles (up to 5 microns) immediately after a 4-hour exposure, only 6 
times as much activity was found in the stomach as in the lung. How- 
ever, with similar exposure to larger dust particles (average diameter 
of 10 microns), the pulmonary retention became grkatly reduced while 
the gastric retention increased. This gave a stomach/lung ratio of 
about 150 to 1, instead of 6 to 1 as with smaller particles. It appeared 
that the larger particles were trapped in the upper air passages, then 
swept out and swallowed, while the smaller particles were deposited 
in the terminal parts of the lung. Auxiliary studies showed that the 
bulk of these particles was subsequently carried to the gastrointestinal 
tract by phagocytic cells moving up the pulmonary tree, and that only 
a small amount was carried by the, phagocytes into the lymphatic 
SYStem. 

body* 
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Eniwetok Biological Station 

1 9 6 4  

The Commission recently completed construction and equipment of 
a small marine biological laboratory on Pany Island at Eniwetok 
Atoll. In addition to facilitating fundamental biological marine 
studies of the Marshall Islands area, the laboratory will provide a 
permanent base of operations for studies on radioactive contamination 
which have been routinely conducted by the AEC-University of wash, 
ington research group following test detonations in the Pacific. he.. 
vious surveys, operating from Seattle for a short period following the 
tests, were often handicapped by the inadequacy of temporary qum. 
ters and difficulty in transporting and handling material and equip- 
ment. 

The new biological station will be operated by the AEC, with the 
University of Hawaii providing essential laboratory services. During 
periods of inactivity between tests it will be available for continued 
investigations by research scientists or biologists. These investiga- 
tions will include those of universities or colleges without adequate 
facilities to carry on a marine research program and will help AEC. 
research contractors extend their programs by including data from 
the Marshall area. Studies will be made of the uptake of fission prod- 
ucts by marine animal and plant life, and ecological changes in land 
areas and shore waters. Since the marine life and general environ- 
ment are considerably different from those in other areas, many in- 
vestigations on the effects of radioactive contamination on growth 
and physiology of individual tropical marine species may be under- 
taken. 

PUBLIC HEARINGS ON %ACETIME USES OF ATOMIC ENERGY 

On March 31 and April 1 the first session in a series of public 
hearings on present and potential peacetime uses of atomic energy was 
held by the Subcommittee on Research and Development of the 
Joint Committee on Atomic Energy. The first of the series presented 
information on atomic energy in the field of agriculture.'g,, 

Participants 7 included personnel from AEC's Divisionyof7Biology 
and Medicine and Brookhaven National Laboratory, the U. S. Depart- 
ment of Agriculture, Michigan State College, University of Minnesota, 
and the University of Maryland. Information was presented on the 
use of radioisotopes in plant and animal studies, genetics and food 
preservation. 

' 

** Hearings before the Subcommittee on Research and Development, Joint Committee on A t o ~ ~ i c  
Energy, on The Contn'bwion oJ Atomic E W O ~  to Agricutlurs, March 31 and April 1,1964 (Joint Commtttee 
print). 
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In the session held June 2 and 3, the Commission provided informa- Cion on contributions of atomic energy and its byproducts to the 
sciences.2o Particular emphasis was placed on how atomic 

has aided studies in cancer, heart disease, and other chronic 
diseases, the general field of epidemiology, and on new developments 
in therapy units. Participating in the presentation of material were 
the National Institutes of Health of the u. s. Department of Health, 
Education, and Welfare; in addition to  scientists from the AEC 
Di~sion of Biology and Medicine and those working on AEC medical 

ojecb at Brookhaven National Laboratory, Argonne Cancer Re- 
S W  pr & Hospital, Oak Ridge Institute of Nuclear Studies, the Univer- 
sity of Chicago, and the University of California at Berkeley. 

RADIATION INSTRUMENTATION 

IltskDents for radiation measurement are indispensable tools to 
and engineers in the atomic energy industry. In all AEC 

progrms instruments and other electronic devices provide one of the 
denominators of the research and production phases, and 

instrumentation has been developed progressively to keep pace with 
the expanded activities in the atomic energy enterprise. 

The largescale handling of nuclear energy by the Manhattan 
Engineer District created an immediate demand for types and quanti- 
ties of instruments to  detect and measure radiation intensities. There 
were numerous, varied and intricate problems in which instruments 
were needed for health-protection purposes, biological, chemical, and 
physical research, and production control. Many of the radiation 
instruments then available were scarcely more than laboratory curios- 
ities, except the specialized instruments employed in the medical field 
for clinical X-ray treatment or therapy. Rigid security regulations 
of the Manhattan project limited outside participation in the develop- 
ment of radiation instruments to five industrial concerns. Since 
most of the work had to be done at project laboratories, the instru- 
mentation groups became essentially self-sufficient in solving problems 
of design, development, and production. Basic instruments, allied 
electronic equipment and special components and parts for radiation 
measurement in current use are fundamentally products of the 
Manhattan Engineer Project. 

After the war security restrictions on the instrument programs were 
eased, .and immediate steps were taken to remove the burden of 
instrument production from AEC laboratories and production facili- 
ties. The Instrument Production Section was established at Oak 

*'.Hearings before the Subcommittee on Research and Development, Joint Committee on Atomic Ener- 
0 1  83d Con&, 2d E-., on The Confribufiomr of Atornu Energu io Medicine, June 2,3, and 4, 1954 (Joint 
Committee print). 
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Ridge to maintain continuity of the program and this section later 
became the Radiation Instrument Branch of the Commission’s Divi- 
sion of Biology and Medicine. The primary function of this group 
wa to examine the instrument activities of the various sites, and to 
initiate industrial contracts for commercial manufacture when feasible, 
It also helped bther Government agencies meet their need for radiation 
instruments. 

The program established at Oak Ridge was designed to: Encourage 
the growth of a competitive radiation instrument industry; reduce 
the manufacture of instruments within AEC laboratories; and reduce 
overlapping in AEC research and development programs by providing 
for the interchange of instrumentation techniques and data m o n g  
the various AEC installations. 

These objectives are essentially the objectives of the current AEC 
instrument program. Through consultation with the Washington 
instrument staff, assistance is provided industcia1 groups interested 
in the manufacture of radiation instruments. Greater interest in the 
widespread use of radioactive materials has increased the need for ex- 
change of information among technical personnel. Conferences are 
held in selected fields of radiation instrumentation for AEC personnel, 
in which representatives of other Government agencies and private 
industry are invited to participate. Liaison is maintained with vari- 
ous industrial associations and professional societies in an attempt to 
standardize instruments and critical components. In addition, inter- 
change of information is provided under the Technical Cooperation 
Program between the United States, Canada, and the United King- 
dom. These activities furnish data on supply requirements, manu- 
facture, production, current developments and improvements, new 
discoveries, and standardization of radiation instruments. 

In 1951, a cooperative agreement was initiated with the National 
Bureau of Standards for the testing and evaluation of radiation instru- 
ments of interest to AEC. This includes calibration, spectral de- 
pendency, temperature, humidity, shock and vibration effects, and 
other characteristics as required. The instruments already tested in- 
clude types fabricated within the AEC and samples of new radiation 
instruments purchased from private industry. The results of these 
tests are given in detail in reports prepared by the National Bureau 
of Standards for the AEC. This information and other pertinent data 
are distributed to AEC installations and contractors. 

The growth of a substantial industiy in radiation instruments has 
resulted from expansion of the atomic energy program, widespread use 
of radioactive materials, and needs €or such measuring equipment by 
military and civil defense groups. In 1952 a study was undertaken to 
evaluate the relationship of the radiation instrument industry to the 
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energy program. The information obtained was of value in 
'ng the effectiveness of AEC's policy of reliance on commercial 

ces for instruments, and in ascertaining that the AEC was making 
use of the increased potential of this new industry. Since 

instrument industry represented one of the first areas 
e energy program in which private industry had made a 
hntial investment, the results presented significant data of use 

the industrid participation program. 
The study consisted of a survey of the radiation instrument in- 
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A -- and an internal survey of the AEC program. Results of this d&W, studY in 1952 showed that there were some 75 radiation instrument 
C O r n P  anjes employing about 2,500 people and grossing an estimated 

During the last half of 1946 employment in 
t ~ s  industry amounted to only between 175 and 200 employees. 

The status of the present market indicates that the radiation in- 
s p e n t  industry provides still greater opportunities for expansion. 
The current trend in reducing Government expenditures in this field 
continued to be offset by growing demands by those utilizing radio- 
isotopes outside AEC. Accordingly, many industrial companies are 
,xpanding their efforts and diversifying their products to meet the 

Recently an accounting study was completed of AEC costs and in- 
vestment in radiation instrumentation. This study revealed that 
during fiscal year 1953, AEc incurred costs for radiation instruments 
totaled nearly $10 million. Inventory of radiation instruments rep- 
resented an investment of approximately $13 million. Expenditures 
on costs and investment were incurred as follows: 

million annually. 

for htruments  and component parts in this field. 

Fabrication of instruments by AEC and/or contrac- 

Purchases from commercial sources- - - - - - - - - - - - - - - - 
Repairs and maintenance of instruments- - - - - - - - - - - - 
Research and development _ _ _ _ _  - - - - - - - - - - - - - - - - - - - 

6 percent. 

28 percent. 
22 percent. 
44 percent. 

tors. 

It is of interest to note that purchases from commercial sources 
were nearly five times the amount spent on the fabrication of instru- 
ments within AEC. The kinds and types of instruments that are 
being used in-the atomic energy program were fully described in the 
Eighth Semiannual Report (pp. 138-139). 

Current Research 

Past experience with centralized research and procurement of com- 
pleted radiation instruments proved unsatisfactory because of the 
17aried and unique instrument requirements of industrial AEC sites. 
However, the development of certain critical components common to 
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many different types of instruments can and is being accomplished ~ 

satisfactorily on a centralized basis. The best example of this is the 
research program for improving and developing special electron tubes ; 
and scintillation crystals, both items being essential to the improue. 
ment of scintillation counters. 

There is considerable interest in using the scintillation method for 
measuring nuclear radiations-one of the oldest methods of measuring 
radioactivity used as early as 1900. In this method a radiation 
quantum or particle causes certain types of crystals to emit light 
which is converted to  an electrical pulse by a sensitive photoelect& 
tube known as a photomultiplier. The pulse delivered by the photo. 
multiplier tube is under certain conditions related to the radiant 
energy. With the growing interest in high energy particles, larger 
crystals are required to capture the energy of the particles. In recent 
experiments use was made of plastic scintillating materials or larger 

E volumes of scintillating liquids. In order to capture the maximu 
amount of the light produced in these large scintillators, photo- ~ 

multiplier tubes that have larger detecting surfaces and more sensitive 
electrical characteristics need to be developed and produced. Since 
no special facilities are available for this work within the AEC, 
contracts were initiated with the Radio Corporation of America and 
A. B. DuMont Laboratories to develop and produce these tubes. 
The largest and most sensitive photomultipliers in existence were 
developed and manufactured under these contracts. 

reviewed periodically by a steering committee composed of representa- 
tives of various laboratory instrument groups. The committee 
coordinates and guides this developmental work toward current and 
future needs of the AEC program. This approach to the problem not 
only expedited the development of photomultiplier tubes, but effected ~ 

certain savings, since the overall needs of various AEC sites could be 
treated as a single problem. 

Radiation Telemetering 

The work for specialized electron tube development continued to be ~ t 

In recent years, research instrumentation has also been important 
in applications of test monitoring equipment for the detection of 
radioactivity which may result from atomic detonations. One of the 
major developments in this field was the completion of a radiological 
telemetering system successfully used in recent test experiments at 
Nevada. 

The radiation telemetering system (a method of transmitting infor- 
mation by a remote control radio-frequency link) was developed 
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National Bureau of Standards, the 
AEC. It was designed specifically 

the joint efforts of the 
ylotoro~a Corporation, and the 
;or the monitoring of airborne radioactivity and meteorological data 

during The measurement of radioactive f a b u t  from test detonations, an 
intricate and critical function, is expensive in terms of manpower and 
eqipmenta Highly trained personnel are required and the workload 
often is far in excess of available personnel. Radiation monitoring 

merit also presents problems of handling and transportation. In 
recognition of this problem, efforts were directed to design suitable 

merit and techniques to relieve some of the burdens imposed by 
test operations. The feasibility of adapting telemetry techniques and 

appeared to offer some immediate advantages. A proto- 
e system was developed and tested with favorable results at the tsp xevada Proving Ground during atomic detonations. The tele- 

metering system employs a radio-frequency link making possible the 
transmission of information signals specifically for recording radio- 
logical and meteorological conditions. Basically, however, the system 
is rnPal.de of transmitting signals from a wider range of mea8urable 
phenomena. 

During test operations at Nevada, three data stations to monitor 
fall-out activity were located in an area 10-20 miles downwind of the 
target area. As the data were transmitted the remotely controlled 
instruments a t  the stations telemetered the information by radio to a 
central control point. As a result where fall-out occurred in the 
vicinity of three experimental stations, accurate weather and fall-out 
data were reported in advance of reports received from mobile moni- 
toring teams. Although the use of high frequencies required a line-of- 
sight from station to station, excellent reception was routinely obtained 
up to 25 miles from the control point, and under an experimental test 
transmission was recorded over a radio linkage totaling 90 miles. 

Despite the line-of-sight limitation, however, relatively standard 
radio relay techniques will permit extended coverage of the entire mea 
significant to the monitoring program. In the Nevada field tests of 
the prototype system, the three model data stations were controlled 
through a single repeater station at an elevation of 5,800 feet providing 
coverage to only a single quadrant in ranges of 10 to  20 miles relative 
to the target area. While only three stations have been employed in 
the experiment to date, multiplication of this number by a factor of 
three, or thirty, or a hundred is feasible. By the use of the appropriate 
relays, it would be possible to cover zones of 200 to 500 miles quite as 
effectively as the present high-cost multiple-manpower mobile teams. 

The. field testing program demonstrated the potential accuracy and 

the weapons test operations. 

equip 

equip 

http://rnPal.de
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dependability of the telemetering system for covering a wide range Qf 
measurable phenomena. Also, its use will enable the partial replace. 
ment of large participating groups and equipment normally required 
for test activities, reducing logistic support and manpower require, 
ments. Further research to modify and improve the system is under. 
way. Its adaption is envisioned for use at contractor or AEC instal. 
lations where there are similar problems of detecting and measuring 
radioactive phenomena at remote and widespread locations. 

Organization and Personnel 

Review and Assistance Program 

A series of studies of the organization and personnel functions in the 
Commission’s operations offices was completed. The studies involved 
examination and analyses of the functions, organization structure, 
operations, and staffing established by each office to  carry out its 
responsibility, with respect to contractor personnel operations, Federal 
personnel administration, and organization and methods work. 
Principal task of the review staff was an evaluation of program results 
rather than a mere enforcement of regulatory or procedural compliance, 
Special assistance, when requested or indicated by the review, was 
given to managers of operations offices and their organization and 
personnel staff in order to maintain a more effective program. In 
addition to  studying and reporting on the qualitative aspects of 
organization and personnel functions a t  the various AEC offices, an 
analysis of total survey findings identified problem areas for possible 
policy and procedural development and standardization. 

Management Improvement Program 

This year AEC’s management improvement program was guided 
by a steering committee of division directors or their assistants. A 
departure from usual practice, the committee type of operation 
provides a broad perspective for coordinated review of Commission 
management problems. It fixes responsibility for management 
improvement projects and facilitates coordination of the studies and 
action carried out under the General Manager’s directives. The 
committee studies AEC problems of administrative and program 
management rather than substantive program policy, reports on 
management accomplishments, and determines future problem area.? 
for investigation and analysis. 
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AIMnic Energy Labor-Management Relations Panel 
e- 

Atomic Energy Labor-Management Relations Panel was 
blished by the President on March 24, 1953. Its members are 

Ching, industrial consultant, and former director, Federal 
and Conciliation Service, chairman ; members, Thomas s* 

aiediation 
olland, industrial consultant, and former professor of economics, 

of Miami; the Rev. Leo C. Brown, director, Institute of 
swial Sciences, St. Louis University; Arthur M. Ross, professor of 

trial relations at the University of California, Berkeley, Calif.; 
s. Colclough, dean of faculties,'George'_Washington University, indm 

and 0. - n  

The 

v.. H 

- 
prshington, u. L 

Eight cases were referred to  the panel by the Director of the Federal 
%ldiation and Conciliation Service during the period January through 
iune 1954, bringing to ten the total of referrals since its establish- - -  
meat* These were: 

~h~ Peter Kiewit sons' co., prime construction contractor at the 
pike County, Ohio, project, in dispute with the Office Employees 
International Union, AFL. 

2 The Hanford Contractors Negotiating Committee, on behalf of 
' contractors and subcontractors at the Hanford, 

%rash., project, in dispute with the United Brotherhood of Carpen- 
ters and Joiners of America, AFL. 

3. The Kaighan and Hughes Co., mechanical subcontractor to the 
Mmon Construction Co. at Oak Ridge, Tenn., in dispute with the 
Sheet Metal Workers International Association, AFL. 

4. The Carbide and Carbon Chemicals Co., operations contractor at 
Oak Ridge, Tenn., in separate disputes with three craft groups 
within the Atomic Trades and Labor Council with which Carbide 
bargains. 

5. The Carbide and Carbon Chemicals Co., in dispute with the Atomic 
Trades and Labor Council, AFL, at Oak Ridge, and the United 
Gas, Coke and Chemical Workers, CIO, at both Oak Ridge and 
Paducah, Ky. 

6. The American Car and Foundry Co., in dispute mth  the Inter- 
national Association of Machinists, AFL, at Albuquerque, N. Mex., 
growing out of negotiations on an initial bargaining agreement. 

7. The Peter Kiewit Sons' Co., in dispute with United Brotherhood 
of Carpenters and Joiners, AFL, at Portsmouth, Ohio. 

8. The Peter Kiewit Sons' Co., in dispute with the Operative Plas- 
terers and Cement Masons International Association, AFL. 
In the first three of the above cases, the panel issued substantive 

recommendations, which were accepted by the parties as the basis 
for agreement. In the issues in dispute between Carbide and Carbon 
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B Chemicals Co. and the three craft groups, the panel did not recognize 
one, a jurisdictional issue, and dismissed the other two which were 
grievances. In the disputes between Carbide and the AFL Council 
at Oak Ridge and between Carbide and the CIO-represented e r n p l o ~ ~ ~  
at Oak Ridge and Paducah the union members rejected the panel'$ 
recommendations. In addition, the employees represented by the 
Chemical Workers Union, CIO, authorized their officials to call a 
strike, if acceptable agreements could not be negotiated. The dispute 
between American Car and Foundry Go. and the AFL Machinists 
had not been heard by the panel as of June 30, 1954. 

The dispute between Kiewit and the carpenters was settled by the 
parties themselves in a meeting prior to scheduled panel hearings 
Kiewit and the cement finishers, represented by the operative ~1%. 
terers and cement masons union, presented arguments to the panel 
in their dispute but the panel had not taken action in formal recom. 
mendations by the end of June. 

Labor Disputes 

Work continuity throughout the atomic energy program continued 
at an exceptionally high level during the 7 months ending May lgjq, 
There were no work stoppages in operations, research and develop. 
ment and maintenance activities. Construction and design were free 
of work stoppages 97.9 percent of the scheduled time. The Savannah 
River project established an AEC record for major construction by 
working a full year (over 40 million man-hours) without a stoppage. 
The Paducah project lost only 900 of a scheduled 10 million working 
hours during the past 7 months. Sheetmetal workers at Oak Ridge, 
in a dispute over travel pay allowance, accounted for the major time 
lost during this period. Other significant stoppages involved carpen. 
ters at Hanford and laborers at Portsmouth and Oak Ridge. * 

Hours and Earnings 

Gross earnings (including overtime and other premium pay) ot 
atomic energy production and maintenance workers averaged $2.21 
per hour in March 1954, the latest month for which data are available. 
Earnings of these workers decreased during the 6-month period ending 
in March, due to a decrease in average hours worked. However, 
they continued during the period to fall in a position between earnings 
of workers in the petroleum and coal products and the industrid 
inorganic chemicals industries-industries most nearly comparable in 
process and equipment. 
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Reduction of Extended Workweeks 

Progress in construction of facilities at the Savannah River project 
made possible a reduction in the workweek from 45 to 40 hours in 
Ifarch 1954. Similar progress at the Paducah, Ky. project permitted 

contractors to reduce the workweek from 45 to 40 hours 
in Uay 1954. With the elimination of extended workweeks at these 
locations, the Portsmouth, Ohio, and Oak Ridge, Tenn., projects are 
the only major AEC construction activities working in excess of 40 
hours weekly. At Portsmouth, a 45-hour week is in effect, while at 
Oak Ridge, part of the construction force works a 48-hour week and 
part an alternate 40-48 hour week. 

Labor Turnover 

The chart on page 76 compares monthly turnover rates per 100 
employees in atomic energy contractor operations (excluding construc- 
tion contractors) with those of related industries during the 6-month 
period ending in March 1954. 

Turnover rates of AEC operations contractors are comparable to 
or fall between those of the industrial inorganic chemicals and petro- 
leum and coal products industries. Compared with the previous 
&month period more recent experience reveals a trend toward a more 
sbble work force. 

E:;?..,;.., - ....... 8 .. 
,.: . . , I f '  '! .... 
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LABOR TURNOVER RATES (PER 100 EMPLOYEES) 
AVERAGE FOR 6 MONTH PERIOD OCTOBER 1953 - MARCH 1954 
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Contractor Employment Trends AEC 
Employment by AEC and its contractors totaled 142,601 in March 

Of this total, 6,258 were AEC employees and 136,343 contrac- 
tor employees--64,027 in construction and design, and 72,316 in 
operations- This represents a decline of 9,094 from the peak of 
151,695 reached last August. Although there was a gain of 650 

rating employees during this period, AEC employment declined :gut 350, and construction and design employment declined 9,400. 
As currently forecasted, operating employment Will increase at the 
rate of 750 per month during the ensuing 12 months and slower 
bereafter until it  levels off at about 82,000 in mid 1956. Conversely, 
forecasts of construction and design employment indicate a decrease 
of about 2,000 per month until mid-1956. (See chx t  on p. 76.) 

19% 

s~ien2afic and Engineering Emplogment Trends 

Scientific and engineering staffs of the AEC and its operating con- 
tractors totaled 13,612 in March 1954, and were made up of the follow- 
ing occupational categories : 

1,617 
2,411 
1,708 
738 

1,634 
1,346 
1,843 
408 

1,907 

T O T A L - - , , - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  13,612 

The total represented an increase of less than 1 percent during the 
past 12 months. Unfilled vacancies in contractor scientific and en- 
gineering staffs totaled 533 as of March 1954. 

Safety 

The AEC accident-prevention program continues to compare favor- 
ably with similar programs in private industry. A rising trend in the 
frequency of injuries per million man-hours in the latter part of calen- 
dar year 1953-from 2.6 in August to  2.89 in December-was corrected 
and a frequency of 2.62 experienced for the period January-April 1954. 
However, such a slight rise in frequency may be expected as construc- 
tion is completed and new types of facilities are started up. Accord- 

#= .-, ,-, ..;:, r:J ?> ::; ..: ..-.. 
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ingly, vigorous preventive action was taken during the past 6 month 1 8 %  
to  minimize this tendency, and specific safety measures will be stressed E 
in the field inspection program. The annual conference of AEC and 
contractor safety and fire protection personnel, held in Oak Ridge, 
Tenn., May 13-14, considered technical aspects of accident prevention 
and the importance of preevaluating risks. 

OBGANIMT’O’ 

Fire Protection 

During 1953, AEC-owned industrial, construction and research 
facilities suffered $148,142 loss from 940 fires. This compares wit4 
$449,107 damage in 1952. The rate of annual fire loss during 1953 
was 3% mills per $100 of AEC-owned property, roughly one-eighth the 
loss rate of insurance companies handling “preferred” industrial fie 
risks. Fire loss during the first part of 1954 did not exceed damage 
experienced in 1953 and the loss rate remains comparatively low. 

Despite increasingly high costs for firefighting services on construe. 
tion activities, AEC recurring fire department expenditures were r e  
duced by 25 percent during 1953. 

The towns of Los Alamos and Oak Ridge experienced the lowest 
and the second lowest fire losses in their respective histories during 
1953. However, a heavy loss from one fire brought Richland, and 
the record for all AEC operated communities, above the comparable 
national average for municipalities. 
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APPENDIX 1 

O R G A ~ ~ u T I O N  AND PRINCIPAL STAFF OF u. s. ATOMIC ENERGY 
COMMISSION 

Energy Commission- _ _ _  _ _ _ _ - - - -  LEWIS L. STRAUSS, Chair- 
c man. 

JOSEPH CAMPBELL. 
THOMAS E. MURRAY. 
H. D. SMYTH. 
(Vacancy.) 

Assistant to the Chairman _ _ _ - _ _ _  _ - _ - -  JOHN MACKENZIE, Jr. 
Assistant to the Chairman--- _ - - - _ - _ _ _  DAVID TEEPLE. 
sppyial Assistant to the Chairman- - _ - - MCKAY DONKIN. 

Special Assistant to General Manager,- H. S. TRAYNOR. 
Special Assistant to  General Manager-- P. F. FOSTER. 

aned Manager - _ _ _ - - - _ - - _  - -___--_-__I KENNETH D. NICHOLS. 
Assistant to General Manager-, EDWARD R. TRAPNELL. 

histant General Manager for Adminis- 

histant General Manager for Manufac- 
turing _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. W. COOK. 

Assistant General Manager for Research 
md Industrial Development- - _ - - - - - - - ALFONSO TAMMARO. 

Controller _-- -  - - -  - - - _ _ _  _ - _ _  - - - - - _ _  - _ _  - DON S. BURROWS. 
General Counsel- - _ _ - _ _ _ - - - - - - _  _ _ _ _ _ _ _  WILLIAM MITCHELL. 
Secretary to Commission _ _ _ - _ _ - _ - _ - - _ - _  ROY B. SNAPP. 
Director, Office of Classification _ _ _ _ _ _ _ _ _  JAMES G. BECKERLEY. 
Director, Office of Intelligence - - - - - - - - - - (Vacancy.) 
Chief, Office of Operations Analysis _ _ _ _ _ _  DAVID P. HERRON. 
Director, Office of Special Projects--- _ _ _  JOHN A. HALL. 
Director, Division of Biology and Medi- 

Director, Division of Engineering _ _ _ _ _ _ _ _  LAWRENCE R. HAFSTAD, 

Director, Division of Military Application- Brig. Gen. K. E. FIELDS. 
Director, Division of Production-- _ _ _ _ _ _  E. J. BLOCH. 
Director, Division of Raw Materials, - - - - JESSE C. JOHNSON. 
Diretor, Division of Reactor Develop- 

Director, Division of Research _ _ _ _ _ _ _ _ _ _  THOMAS H. JOHNSON. 

bation,-- - - - - - - _  _ - - - - - - - - - - - - - - - - - - JAMES L. KELEHAN. 

cine- - - - - - - - - -  - _  - - - - - _ _  - - - - - - - - - - - - Dr. JOHN c. BUGHER. 

Acting. 

ment- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - LAWRENCE R. HGFSTAD. - 
'Eugene M. Zuckert signs this repod since it covers a period of his incumbency which wm concluded 

CQ June 30. iaE* 
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Director, Division of Construction and 
Supply _ _ _ _ _ _ _ _ _ _ c _ _ _ _ _ _ _ _ _ - - _ - _ - _ _ _  JOHN A. DERRY. 

Director, Division of Information Services- MORSE SALISBURY 
Director, Division of Organization and 

Personnel _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  OSCAR S. SMITH. 
Director, Division of Security _ _ _ _ _ _ _ _ _ _ _  JOHN A. WATERS, Jr. 
Managers of Operations Offices and Areas: 

Chicago (Ill.) Operations Office, _ _  _ _ _ _  JOHN J. FLAHERTY. 

s 

Joint Cot 

This committee R 
make "continuing Grand Junction (Colo.) Operations of problem relatin 

is kept 
Hanford (Wash.) Operations Office- - - _ DAVID F. SHAW. Legisl: 

matters is referred Idaho (Idaho Falls) Operations Office-- ALLAN C. JOHNSON. of nine members of 

Representative W. 
Senator BOURKE 1 
Senator EUGENE I 
Senator WILLIAM . 
Senator JOHN W. I 
Senator GUY R. C 
Senator RICHARD I Fernald (Cincinnati, Ohio) Area _ _ _ _ _  C. L. KARL. 
Senator EDWIN C. 
Senator CLINTON I New Brunswick (N. J.) Area _ _ _ _ _  _ _ _  C. J. RODDEN. 

Paducah (Ky.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  FRED BELCHER. Senator JOHN 0. F 
Portsmouth (Ohio) Area _ _ _ _ _ _ _ _ _ _ _ - .  KENNETH A. DUNBAR. f Representative CAI 
St. Louis (Mo.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _  J. PERRY MORGAN. Representatike JAE 

Rep resent a tive J ~b 
E Representative TH( Santa Fe (Albuquerque, N. Mex.) Oper- f Representative CAI 

E Representative CHI 

Ames (Iowa) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  W. W. LORD. 
Lockland (Ohio) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _  E. M. VELTEN. 
Pittsburgh (Pa.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _  LAWTON D. GEIGER. 

Office _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _  SHELDON P. WIMPFEN. 

New York (N. Y.) Operations Office,-- MERRIL EISENBUD. 
Brookhaven (Long Island, N. Y.) 

Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  E. L. VAN HORN. 
Oak Ridge (Tenn.) Operations Office,-, S. R. SAPIRIE. 

Cleveland (Ohio) Area- - - - - - _ _ _ - - - - BUFORD SPARKS. 
Dayton (Miamisburg, Ohio) Area- - - JOHN H. ROBERSON. 

San Francisco (Calif.) Operations Office- H. A. FIDLER. 

ations Office ____________,_______ DONALD J. LEEHEY. 
Eniwetok (Albuquerque, N. Mex.) Representative ME 

CORBIN ALLAR 
Field Office _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  PAUL w. SPAIN. 

Kansas City (Mo.) Field Office,--, _ - JAMES C. STOWERS. 

f Las Vegas (Nev.) Field Office _ _ - _ _ _ _  SETH R. WOODRUFF, Jr. 
Los Alamos (N. Mex.) Field Office- - FRANK C. DILU~IO. 

f T Under sec. 2 (e> of 
E 8 Military Liaison 

thereof, and of a p 
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Rocky Flats (Colo.) Field Office----- GILBERT C. HOOVER. 

tions _ _ _ _ _ _  - _ _ _ _  - _ - _ _ _ _ - _  _ _ _ _ _ -  - CURTIS A. NELSON. 
Dana (Terre Haute, Ind.) Area, _ - - - CHARLES W. REIIILY. 
Wilmington (Del.) Area _ _ _ _ _ _ _ _ _ _ _ _  S. D. CHITFENDEN~AC~~W. 

Savannah River (Augusta, Ga.) Opera- 

Schenectady (N. Y.) Operations Office- JON D. ANDERSON. 
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APPENDIX 2 

MEMBERSHIP OF COMMITTEES 

STATUTORY COMMITTEES 

Joint Committee on Atomic Energy-Eighty-third Congress 

This committee was established by the Atomic Energy Act of 1946 (sec. 15) to  
make 4kontindng studies of the activities of the Atomic Energy Commission and 
of probhlS relating to the development, use, and control of atomic energy.” The 

is kept fully and currently informed with respect to the Commission’s 
sctiGties. Legislation relating primarily to the Commission or to atomic energy 
mamrs is referred to the  committee. The committee’s membership is composed 
of nine members of the Senate and nine members of the House of Representatives. 

Rep=se 
mator 
Senator 
Senator 
Senator 
Senator 

#ntative W. STERLING COLE (New York), chairman. 
BOURKE B. HICKENLOOPER (Iowa). 
EUGENE D. MILLIKIN (Colorado). 
WILLIAM F. KNOWLAND (California). 
JOHN W. BRICKER (Ohio). 
GUY R. CORDON (Oregon). 

Gnator RICHARD B. RUSSELL (Georgia). 
Senator EDWIN C. JOHNSON (Colorado). 
Senator CLINTON P. ANDERSON (New Mexico). 
Senator JOHN 0. PASTORE (Rhode Island). 
Representative CARL HINSHAW (California). 
Representatike JAMES E. VAN ZANDT (Pennsylvania), 
Representative JAMES T. PATTERSON (Connecticut). 
Representative THOMAS A. JENKINS (Ohio). 
Representative CARL T. DURHAM (North Cal jlina). 
Representative CHET HOLIFIELD (California). 
Representative MELVIN PRICE (Illinois). 
Representative PAUL J. KILDAY (Texas). 

CORBIN ALLARDICE, executive director. 

Military Liaison Committee 
Under sec. 2 (c) of the Atomic Energy Act of 1946, as amended, “there shall be 
e Military Liaison Committee consisting of a chairman, who shall be the head 
thereof, and of a representative or representatives of the Departments of the 
Army, Navy, and Air Force, detailed or assigned thereto, without additional 
compensation, in such number as the Secretary of Defense may determine. 
Representatives from each of the three Departments shall be designated by the 
respective Secretaries of the Army, Navy, and Air Force. The committee chair- 
man shall be appointed by the President, by and with the advice and consent 
of the Senate, and shall receive compensation a t  a rate prescribed by law for 
the Chairman of the Munitions Board. The Commission shall advise and consult 
with the committee on all atomic energy matters which the committee deems to 
relate to military applications, including the development, manufacture, use and 
storage of bombs, the allocation of fissionable material for military research, 
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and the control of information relating to the manufacture or utilization of 
atomic weapons. The Commission shall keep the committee fully informed of 
all such matters before it and the committee shall keep the Commission fully 
informed of all atomic energy activities of the Department of Defense. The 
committee shall have authority to  make written recommendations to the Corn, 
mission on matters relating to military applications from time to  time as it may 
deem appropriate. If the committee a t  any time concludes that any action, prol 
posed action, or failure to act of the Commission on such matters is adverse to 
the responsibilities of the Department of Defense, derived from the Constitution, 
laws, and treaties, the committee may refer such action, proposed action, 
failure to  act to the Secretary of Defense. If the Secretary concurs, he may refer 
the matter to the President, whose decision shall be final." 

HON. ROBERT F. LEBARON, Chairman. 
Brig. Gen. KENNER F. HERTFORD, United States Army. 
Brig. Gen. HARRY McK. ROPER, United States Army. 
Rear Adm. GEORGE C. WRIGHT, United States Navy. 
Capt. PAUL H. RAMSEY, United States Navy. 
Maj. Gen. HERBERT B. THATCHER, United States Air Force. 
Maj. Gen. HOWARD G. BUNKER, United States Air Force. 

General Advisorv Committee 

This Committee was established by the Atomic Energy Act of 1946 (sec. 2 (b)). 
The nine civilian members are appointed by the President to  advise the Corn. 
mission on scientific and technical matters relating to materials, production, and 
research and development. Under the Atomic Energy Act, the Committee shall 
meet at least four times in every calendar year; the committee held its first 
meeting in January 1947, and t o  date has averaged six meetings a year. 

Dr. I. I. RABI, chairman; professor of physics, Columbia University, New York, 

Dr. OLIVER E, BUCKLEY, former chairman, Bell Telephone Laboratories, Nea 

Dr. J. B. FISK, director of research-physical sciences, Bell Telephone Labora- 

N. Y. 

York, N. Y. 

tories, Murray Hill, N. Y. 
Dr. W. F. LIBBY, professor of chemistry, University of Chicago, Chicago, Ill. 
EGER V. MURPHREE, president, Standard Oil Development Co., New York, N. T. 
Dr. JOHN VON NEUMANN, professor, school of mathematics, Institute for Ad. 

Dr. J. C. WARNER, president, Carnegie Institute of Technology, Pittsburgh, Pa, 
WALTER G. WHITMAN, head, department of chemical engineering, Massachusettz: 

Dr. EUGENE P. WIGNER, professor of physics, Princeton University, Princeton, 

Dr. RICHARD W. DODSON, secretary; chairman, department of chemistry, Brook- 

vanced Studies, Princeton, N. J. 

Institute of Technology, Cambridge, Mass. 

N. J. 

haven National Laboratory, Upton, Long Island, N. Y. 

PATENT COMPENSATION BOARD 

This board was established in April 1949 pursuant to section 11 of the Atomic 
Energy Act of 1946, which provides that upon application for just compensatiot 
or awards or for the determination of a reasonable royalty fee certain proceedin@ 
shall be held beforezsuch a board. To date the board has held 11 sessions; 1; 
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cases ha ve been filed, of which 10 have been finally determined by the board; 2 
have been awarded and 1 claim has been withdrawn. 

CASFER w. OOMS, chairman; firm of Casper W. Ooms, Chicago, 111. 
RARTER, of Babcock & Wilcox Tube Co., Beaver Falls, Pa. 
v. L. HOGAN, consulting engineer, Hogan Laboratories, Inc., New 

pork, N. y. 

COMMITTEE OF SENIOR REVIEWERS 

The Committee of Senior Reviewers studies the major technical activities of the 
Atomic Energy Commission program and advises the Commission on classifi- 
cation and declassification matters, making recommendations with respect to 
the rules and guides for the control of scientific and technical information. The 
committee consists of six members. At the present time there are only five 
members, the vacancy being created by the resignation of Dr. R. H. Crist. The 
committee members are appointed for a term of 5 years on a rotating basis. 

Dr, WARREN C. JOHNSON, chairman; associate dean of physical sciences, Uni- 

Dr. THOMAS E. DREW, head, department of chemical engineering, Columbia 

Dr. ALVIN c. GRAVES, J division leader, Los Alamos Scientific Laboratory, 

Dr. JOHN P. HOWE, Section chief, reactor materials, North American Aviation, 

Dr. J. R. RICHARDSON, associate professor of physics, University of California, 

versity of Chicago, Chicago, Ill. 

University, New York, N. Y. 

L~~ Alamos, N. Mex. 

Inc., Downey, Calif. 

~ 0 s  Angeles, Calif. 

ADVISORY BODIES TO THE ATOMIC ENERGY COMMISSION 

Advisory Committee on Biology and Medicine 
The Advisory Committee on Biology and Medicine was created in September 
1947, on the recommendation of the Commission’s Medical Board of Review. 
The committee reviews the AEC programs in medical and biological research and 
health and recommends to the Commission general policies in these fields. 

Dr. CHARLES H. BURNETT, professor of medicine, University of North Carolina, 
Chapel Hill, N. C. 

Dr. SIMEON T. CANTRIL, director, Tumor Institute of Swedish Hospital, Seattle, 
Wash. 

Dr. EDWARD A. Dorm, director, department of biochemistry, St. Louis Uni- 

Dr. GIOACCHINO FAILLA, director, department of radiology, Columbia University 

Dr. CURT STERN, professor of zoology, University of California, Berkeley, Calif. 
Dr. SHIELDS WARREN, vice chairman; pathologist, New England Deaconess 

versity School of Medicine? St. Louis, Mo. 

bledical School, New York, N. Y. 

Hospital, Boston, Mass. 

Advisor@ Board of Contract Appeals  
This board was established in February 1950. One or more of its members 

pnn+rqct appeals arising under the “disputes articles” of AEC contracts 
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E and subcontracts and makes recommendations to  the General Manager concern, 

ing their disposition. 

HENRY P. BRANDIS, Jr., dean of the law school, University of North Carolina 

SHELDON D, ELLIOTT, director of institute for judicial administration, New York 

f 

Dr. JOSEPH E- 
Dr. DON M- 

Pasadena, C Chapel Hill, N. C. ’ 9  

University, New York, N. Y. 
ROBERT KINGSLEY, dean, school of law, University of Southern California, LOB 

Angeles, Calif. 
EDMUND R. PURVES, executive director, American Institute of Architects, wash. 

ington, D. C. 

Michigan, Ann Arbor, Mich. 
HERBERT F. TAGGART, dean, school of business administration, University of 

Advisory Committee on Brazing 

This committee was formed at AEC request by the Welding Research Council 
of the Engineering Foundation to serve in an advisory capacity OR problems 
involving fabrication by brazing. 

F. W. Davis, chairman; engineering division, AEC, Washington, D. C. 
CHARLES D. COXE, assistant manager, metallurgical department, Handy and 

A. E. FOCKE, manager, materials development, Aircraft Nuclear Propulsion 

FRANK G. HARKINS, chief welding engineer, Solar Aircraft Co., San Diego, 

LT. T. HIKIDO, Wright Air Development Center, Wright Patterson Air Force 

G. 0. HOGLUND, welding engineer, process and development laboratories, Alumi- 

T. E. KIHLGREN, welding section, research laboratory, International Nickel Co., 

A. R. LYTLE, director of research, Union Carbide & Carbon Research Laboratories, 

W. D. MANLY, head metallurgist, ANP division, ORNL, Oak Ridge, Tenn. 

W. SPRARAGEN, secretary; director, Welding Research Council, New York, N. Y. 
LYALL ZICKRICK, head, materials engineering unit, Knolls Atomic Power Labora- 

Harman, Bridgeport, Conn. 

Project, General Electric, Cincinnati, Ohio. 

Calif. 

Base, Dayton, Ohio. 

num Company of America, New Kensington, Pa. 

Bayonne, N. J. 

New York, N. Y. 

r i  - ROBERT L. PEASLEE, development engineer, Wall Colmonoy Corp., Detroit, Mich. 

tory, Schenectady, N. Y. 

Advisorg Committee on Chemistrg 

This committee was appointed in June 1949 to  advise on policy concerning the 
AEC program of supporting basic unclassified chemistry research in universities, 
and the relationship of this program to the AEC’s own chemistry research pro- 
gram. Most of the work of the committee is accomplished by individual con- 
sultation as specific problems arise. 
Dr. FARRINGTON DAKIELS, professor of chemistry, University of Wisconsin, Ma&. 

Dr. G. B. KISTIAKOWSKY, professor of chemistry, Harvard University, Cambridge, 
son, Wis. 
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Dr. JOSEPH E. MAYER, professor of chemistry, University of Chicago, Chicago, 111. 
D ~ N  M. YOST, professor of chemistry, California Institute of Technology, Dr4 pasadena, Calif. 

Aduisorg Committee on Industrial In formation 

,,mmittee was reconstituted and expanded in April 1952 to replace an ad 
appointed in 1949 to advise the AEC on disseminating unclassified 

technological information to industry. The members are visiting AEC sites 
to identify information of use to industry which should be submitted for declassi- 
fication and recommending arrangements for the widest possible publication and 
distribution of such declassifiable information. 

D. KIRKPATRICK, chairman; vice president and director of editorial de- 
velopment, McGraw-Hill Book Co., Inc., New York, N. Y. 

Dr. L L A N  G .  GRAY, editor, Steel, Penton Publishing Co., Cleveland, Ohio. 
EUGENE HARDY, National Association of Manufacturers, Washington, D. C. 
KEITH BENNEY, editor, Nucleonics and Electronics, McGraw-Hill Publishing CO., 

D~. ELMER HUTCHISSON, editor, Journal of Applied Physics, American Institute 

NORMAN H. JACOBSON, editor, market issue, Electric Light and Power, Haywood 

WALTER E. JESSUP, editor, Civil Engineering, The American Society of Civil En- 

BP;DREW W. KRAMER, editor, Power Engineering, The Technical Publishing Co., 

EVERETT S. LEE, American Institute of Electrical Engineers, New York, N. Y. 
Dr. WALTER J. MURPHY, editor, Chemical and Engineering News, American 

FREDERICK A. PAWLEY, research secretary, American Institute of Architects, 

EDWARD H. ROBIE, secretary, American Institute of Mining and Metallurgical 

EARL T. SCHWARTZWALDER, The American Ceramic Society, Inc., Columbus, Ohio. 
GEORGE F. SUUIVAN, managing editor, The Iron Age, Chilton Publications, Inc., 

E. E. THUM, editor, Metal Progress, American Society for Metals, Cleveland, 

OLIVER H. TOWNSEND, secretary, Atomic Industrial Forum, Inc., New York, N. Y. 
S. A. TUCKER, publications manager, American Society of Mechanical Engineers, 

F. J. VAN ANTWERPEN, editor, Chemical Engineering Progress, American Insti- 

h. ALBERTO F. THOMPSON, secretary; chief , technical information service, divi- 

Inc,; Amencan Institute of Radio Engineers, New York, N. Y. 

of physics, New York, N. Y. 

publishing Co., New York, N. Y. 

gineers, New York, N. Y. 

Chicago, Ill. 

Chemical Society, Washington, D. C. 

Washington, D. C. 

Engineers, New York, N. Y. 

New York, N. Y. 

Ohio. 

New York, N. Y. 

tute of Chemical Engineers, New York, N. Y. 

sion of information services, AEC, Washington, D. C. 

Advisory Committee on Isotope Distribution 

This committee was originally appointed by the Manhattan District to  advise on 
the off-project distribution of isotopes. The Commission approved its continu- 
ation in December 1947 to aid in establishing new policies on distributing radio- 
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active materials and to  review existing policies. The committee reviews all 
initial applications for use of radioisotopes in human beine,  and all other re. 
quests for their use in research, education, and industry which are referred to 
it by the Commission. 
Dr. DONALD E. HULL, chairman; research chemist, process division, Califoraia 

Dr. RICHARD CHAMBERLAIN, University of Pennsylvania Medical School, Phile 

Dr. JOHN E. CHRISTIAN, associate professor, department of pharmaceUtiQl 

Dr. SAMUEL E. EATON, A. D. Little, Inc., Cambridge, Mass. 
Dr. STERLING B. HENDRICKS, head chemist, Bureau of Plant Industry, Soils and 

Agricultural Engineering, U. S. Department of Agriculture, Beltsville, Md. 
Dr. LE ON 0. JACOBSON, associate dean, division of biological sciences, Universib 

of Chicago, Chicago, Ill. 
Dr. EDITH H. QUIMBY, associate professor of radiology, College of Physicians and 

Surgeons, Columbia University, New York, N. Y. 
Dr. HOWARD E. SKIPPER, associate director, Southern Research Institute, Bit. 

mingham, Ala. 
Dr. JOHN E. WILLARD, professor of chemistry, University of Wisconsin, Madisan 

Wis. 
Dr. PAUL C. AEBERSOLD, secretary; chief, isotopes division, AEC, Oak Ridge I 

Tenn. 

PersonneZ Security Review Board 

Research Corp., Richmond, Calif. 

delphia, Pa. 

chemistry, Purdue University, Lafayette, Ind. 

This board was appointed in March 1949 primarily to  review specific personnel 
security cases which arise under the Commission's administrative review pro- 
cedure and to make recommendations concerning them to the General Manager. 
The board, in its monthly meetings, also advises the Commission on the broader , 

considerations regarding personnel security, such as criteria for determining 
eligibility for security clearance and personnel security procedures. 

Dr. PAUL E. KLOPSTEG, associate director, National Science Foundation, Wash. 

WILLIAM E. LEAEIY, president, Columbus University, Washington, D. C. 

GANSON PURCELL, chairman; of Purcell & Nelson, Washington, D. C. 1 

ington, D. C. 

f 
AEC Comp&r Council 

This group is appointed on a yearly basis to  make a continuing review of the 
AEC computing requirements and facilities and to recommend the most ad- 
vantageous apportionment of computer time on the AEC Computer a t  New York 
University. The following members were appointed to  serve from July 1953 to 
July 1954. 
Dr. EDWARD TELLER, chairman; professor of physics, University of California, 

Dr. ELEAZER BROMBERG, institute for mathematics and mechanics, New YOd' 

Dr. RICHARD COURANT, institute for mathematics and mechanics, New YOrb 

Dr. ALSTON S. HOUSEHOLDER, mathematics panel, Oak Ridge National Labow 

Berkeley, Calif. 

University, New York, N. Y. 

University, New York, N. Y. 
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B E ~ Y  HURWITZ, Jr., theoretical physics division, Knolls Atomic Power Dr. 
GEORGE A. KOLSTAD, vice chairman; physics branch, division of research, 

D ' d , ~ ~ ,  Washington, D. C. 
SIDNEY KRASIK, physics division, Westinghouse Atomic Power Division, 

Dr- 
v, LAWRENCE PAESEGIAN, division of technical advisors, AEC, New York, Dr. 

Dr. ROB ERT D. R I C H T M ~ ,  secretary; theoretical division, Los Alamos Scientific 

Dt, BERNARD SPINRAD, physics division, Argonne National Laboratory, Chicago, 

Laboratory, Schenectady, N. Y. 

pittsburgh, Pa. 

N. Y. 

Laboratory, LOS Alamos, N. Mex. 

a. Dr, IRA F. ZARTMAN, division of engineering, AEC, Washington, D. C. 

Advisorg Committee on Reactor Safeguards 
formed in 1953 from the former Reactor Safeguard Committee 

snd the Industrial Committee on Reactor Location Problems, serves in an ad- 
5isory capacity to the AEC with regard to the hazards associated with the opera- 
tion of reactor facilities. The committee reviews safety studies prepared by 

planning to build or operate reactor facilities and appraises proposed 
reactor locations in terms of accepted industrial safety standards. 
Dr, c. ROGERS MCCUUOUGH, chairman: general development department, Mon- 

Dr. MANSON BENEDICT, professor Of chemical engineering, Massachusetts Institute 

Dr. WILLARD P. CONNER, manager, physics division, research department, Her- 

Dr, R. L. DOAN, manager, atomic energy division, Phillips Petroleum Co., Idaho 

Dr. HYMER FRIEDELL, director, department of radiology, Lakeside Hospital, 

Dr. I. B. JOHNS, Monsanto Chemical Co., Everett, Mass. 
Dr. MARK M. MILLS, radiation laboratory, University of California, Livermore, 

E, R. OSBORN, manager of industrial development, general chemical division, 

D. A. ROGERS, manager, central engineering, Allied Chemical and Dye Corp., 

REVEL C. STRATTON, supervising chemical engineer, engineering and loss control 

Dr. EDWARD TELLER, professor of physics, University of California, Berkeley, 

Dr. &EL WOLMAN, head, department of sanitary engineering, Johns Hoplcins 

h. ~ R Y  WEXLER, chief, scientific services division, U. S. Weather Bureau, 

Dr. C. R. RUSSELL, secretary; U. S. Atomic Energy Commission, Washington, 

santo Chemical Co., St. Louis, Mo. 

of Technology, Cambridge, Mass. 

cules Powder Co., Wilmington, Del. 

Falls, Idaho. 

western Reserve University, Cleveland, Ohio. 

Calif. 

Allied Chemical and Dye Corp., New York, N. Y. 

Morristown, N. J. 

division, the Travelers Insurance Co., Hartford, Conn. 

Calif. 

university, Baltimore, Md. 

Department of Commerce, Washington, D. C. 

D. C. 

Advisorg Committee on Stainless Steel 
This cormnittee, formed in 1950, by the Welding Research Council of the 
h b e F i n g  Foundation, in July 1951 at AEC request became advisory to  the 

503584--54.--7 
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Commission in regard to research and development to improve the welding of 

made public. In  October 1953 the scope of the Committee’s services was enlarged 
to include the manufacture, fabrication, and use of all stainless steels. 
Dr. V. N. KRIVOBOK, chairman; development and research division, International 

W. 0. BI~NDER, research laboratory, Union Carbide and Carbon Co., Niagara 

F. W. Davis, engineering division, AEC, Washington, D. C. 
W. B. DELONG, E. I. du Pont de Nemours & Co., Inc., Wilmington, Del. 
R. B. GUNIA, Carnegie Illinois Steel Corp., Pittsburgh, Pa. 
LORIN K. POOLE, project engineer, Arcos Corp., Philadelphia, Pa. 
Dr. M. A. SCHEIL, director, metallurgical research, A. 0. Smith Corp., Milwaukee, 

R. DAVID THOMAS, Jr., vice president & director, research 4% engineering, Arcos 

Committee on Raw Materials 

This committee was appointed in October 1947 t o  review the Atomic Energy 
Commission’s raw materials program and to advise on questions of exploration, 
development, and procurement. The committee has met 13 times since its 
formation. 
IRA B. JORALEMON, chairman; geologist, San F’rancisco, Calif. 
FRANCIS CAMERON, vice president, St. Joseph Lead Co., New York, N. Y. 
EVERETTE L. DEGOLYER, petroleum geologist; DeGolyer & McNaughton, 

type 347 stainless steel. All data resulting from these investigations are bei ng 

Nickel Co., Inc., New York, N. Y. 

Falls, N. Y. 

Wis. 

Corp., Philadelphia, Pa. 

Dallas, Tex. 
THOROLD F. FIELD, consulting mining engineer, Duluth, Minn. 
FRANCIS C. FRARY, technical advisor, aluminum research laboratory, Aluminum 

J. K. GUSTAFSON, consulting geologist, M. A. Hanna Co., Cleveland, Ohio. 
ERNEST H. ROSE, chemical engineer, Tennessee Coal, Iron & Railroad CO.; e 
WALTER 0. SNELLING, director of research and consulting chemist, Trojan Powder 

ORVrL R. WHITAKER, consulting mining engineer, Denver, Colo. 
CLYDE E. WILLIAMS, director, Battelle Memorial Institute, Columbus, Ohio. 

i 
Company of America, New Kensington, Pa. 

Birmingham, Ala. 

Co., Allentown, Pa. 

Industrial Information Committee 

This committee, representing AEC operating divisions and offices of operations 
and the major contractors, was appointed in 1952 to guide the dissemination of 
AEC-developed information to industry. Meetings are held twice a year. 
Dr. ALBERTO F. THOMPSON, chairman: chief, technical information service, 

division of information services, AEC, Washington, D. C. 
H. C. BALDWIN, director of information, Chicago Operations Office, AEC, Lemont, k 

Ill. k P 

BREWER F. BOARDMAN, supervisor, technical information service, Phillips Petre - leum Co., Idaho Falls, Idaho. 
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ONARD M. BRENNER, chief, reports and analysis section, division of military 
@ 

G E o R ~ E  L. BROWN, manager of public relations, General Electric CO., Hanford 

C R A R L E ~  W. CAMPBELL, superintendent of development staff services, Sandja 
Gorp., Albuquerque, N. Mex. 

Q ~ ~ A L D  D. COW AN, superintendent of the information and repods division, 
oak Ridge Na+;onal - Laboratory, Carbide and Carbon Chemicals co., Oak 

lication, AEC, Washington, D. C. aPP 

3 fforks, Richland, Wash. 

Ridge, Term. m. F* L. CUTHBERT, technical director, National Lead Co. of Ohio, Cincinnati, 
Ohio. 

River Operations Office, AEC, Augusta, Ga. 
8. w- DAVIS, Jr., deputy director, technical and production division, Savannah 

q7m E, DREESZEN, administrative aide to director, Ames Laboratory, Ames, Iowa. 
E. G* ELLIOTT, director of information, Santa Fe Operations Office, AEC, 

Albuquerque, N. Mex- 
L~JTER c. FURNEY, assistant to director, Argonne National Laboratory, Lemont, 
Iu. 

J. F. RAGGERTY, biochemist, medical branch, division of biology and medicine, 
GC, Washington, D. C. 

w, L. HARWELL, head, patents and declassification department, Carbide & 
Carbon Chemicals co., division of Union Carbide & Carbon Corp., Oak 
Ridge, Tenn. 

F. SEYMOUR HENCK, assistant to manager for public education, Oak Ridge 
Operations Office, AEC, Oak Ridge, Tenn. 

EDWARD L. HILL, supervisor, technical services unit, General Electric ANP 
project, Cincinnati, Ohio. 

T. 0. JONES, assistant to deputy director, division of production, AEC, Wash- 
ington, D. C. 

DAVID p. KUNTZ, organization and methods examiner, division of raw materials, 
AEC, Washington, D. C. 

ARTHUR R. LEE, division of information, Idaho Operations Office, AEC, Idaho 
Falls, Idaho. 

~ A X K  R. LONG, supervisor, technical information group, atomic energy research 
department, North American Aviation, Inc., Downey, Calif. 

Dr. GEORGE G. MANOV, staff specialist for industrial development, office of the 
assistant general manager for research and industrial development, AEC, 
Rashington, D. C. 

Dr. A. R. MATHESON, head, technical operations division, Schenectady Opera- 
tions Office, AEC, Schenectady, N. Y. 

Dr. DANIEL J. PFLAUM, chief, materials and information branch, division of 
research, AEC, Washington, D. C. 

DEWIS PULESTON, head, technical information division, Brookhaven National 
Laboratory, Upton, Long Island, New York. 

~ Y X E  RANGE, public information officer, Portsmouth Area Office, AEC, Ports- 

! 

c mouth, Ohio. 
Dr. H. W. RUSSELL, assistant director, Battelle Memorial Institute, Columbus, 

Ohio. 
Dr. w. E. SHOUPP, assistant division manager, atomio power division, Westing- 

Dr- CHARLES SLESSER, director, division of technical information and declassifi- 
Petro- ’’ house Electric Corp., Pittsburgh, Pa. 

ation, AEC, New York Operations Office, New York, N. Y. 

f 
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Dr. RALPH CARLISLE SMITH, assistant director for classification and security, E 

Dr. ROBERT A. STANIFORTH, director of research, Mound Laboratory, Miamis, 

Dr. JOHN R. STEHN, physicist, theoretical physics division, KnolIs Atomic Power 

M. H. WAHL, atomic energy division, E. I. du Pont de Nemours & CO., Atlanta, 

Dr. R. K. WAKERLING, chief, information division, Radiation Laboratory, 

J. W. YOUNG, technical information officer, division of reactor development, 

EDWARD J. BRUNENKANT, secretary; chief, industrial information branch, divi- 

Nuclear Cross Sections Advisorg Group 
This group is appointed on a yearly basis to make a continuing review of the 
AEC program of nuclear cross section measurements, and to  evaluate the nee& 
for cross section information in the various activities of the AEC. The foUowing ~ 

members were appointed to serve from July 1953 to July 1954. 

Dr. RICHARD F. TASCHEK, chairman; department of physics, Los Alamos Scien. 

Los Alamos Scientific Laboratory, Los Alamos, N. Mex. 

burg, Ohio. I 
' 

Laboratory, Schenectady, N. Y. 

Ga. 

University of California, Berkeley, Calif. 

AEC, Washington, D. C. 

sion of information services, AEC, Washington, D. C. 

tific Laboratory, Los Alamos, N. Mex. 
i 
F Dr. TOM W. BONNER, department of physics, Rice Institute, Houston, Tex. 

Dr. JOSEPH L. FOWLER, physics division, Oak Ridge National Laboratory, Oak 

Dr. HERBERT GOLDSTEIN, Nuclear Development Associates, Inc., White Plains, 

Dr. WILLIAM W. HAVENS, Jr., department of physics, Columbia University, New 

Dr. DONALD J. HUGHES, department of physics, Brookhaven National Laboratory, ; 

Dr. ALEXANDER S. LANGSDORF, physics division, Argonne National Laboratory, 

Dr. CARL 0. MUEHLHAUSE, department of physics, Brookhaven National Labora- 

Dr. JACK M. PETERSON, cyclotron group, University of California Radiation Lab. 

Dr. HERBERT S. POMERANCE, physics division, Oak Ridge National La: 

Dr. THOMA M. SNYDER, physics division, Knolls Atomic Power Laboratory, 

Dr. LOUIS A. TURNER, physics division, Argonne National Laboratory, Chicago, 

Dr. GEORGE A. KOLSTAD, vice chairman; physics branch, division of research, 

Dr. IRA F. ZARTMAN, division of engineering, AEC, Washington, D. C. 
Dr. CARROLL W. ZABEL, secretary; department of physics, Los Alamos Scientific = g 

Patent Advisorg Panel 
This panel was appointed in January 1947 to make a general review and appraid ' 
of the problems raised by the patent provisions of the Atomic Energy Act of 1946. 
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It various questions of policy and procedure relating to patents and inventions. 
THOMAS AusTERN; of COvington & Burling, l%7ashington, D. C. 

W~LLIAM H. DAVIS; of Davis, Hoxie & Faithfull, New York, N. Y. 
JOHN A. DIENNER; of Brown, Jackson, Boettcher & Dienner, Chicago, 111. 
f l E c ~ O R  M. HOLMES; of Fish, Richardson & Neave, Boston, Mass. 
C A S P ~ ~  W. 0 0 ~ s ;  firm bf Casper W. Ooms, Chicago, Ill. 

informal reports and recommendations to the Commission and its staff on 

Stack Gas Problem Working Group 

The of this DOUP was authorized in May 1948 to advise the Com- 
mission in connection with problems in the control of gaseous effluents from AEC 
installations. The group has held six formal meetings and has rendered assistance 
in the field of air cleaning through specific research and development projects 
directed by individual members and by individual consulting advice. 
Dr. ABEL WOLMAN, chairman; head, department of sanitary engineering, Johns 

Dr. PHILIP DRINKER, professor of industrial hygiene, Harvard University School 

Dr. LYLE GILBERTSON, director, research and engineering department, Air Re- 

Dr, H. FRASER J O H N S T O ~ ,  professor of chemical engineering, Uniiersity of 

Dr. CHARLES E. LAPPLE, professor of chemical engineering, Ohio State University, 

Dr. MOYER D. THOMAS, department of agricultural research, American Smelting 

Dr. WILLIAM P. YAW director of research, Mine Safety Appliances CO., Pitts- 

Bopkins University, Baltimore, Md. 

of public Health, Boston, Mass. 

duction Co., Murray Hill, N. J. 

Illinois, Urbana, Ill. 

Columbus, Ohio. 

& Refining Co., Salt Lake City, Utah. 

burgh, Pa. 

Technical Information Panel 

This panel, representing the major AEC research contractors, was appointed in 
June 1948 to advise the Commission on all aspects of its technical information 
services. Meetings are held twice a year to work out better methods of dis- 
seminating technical information. 
Dr. ALBERTO F. THOMPSON, chairman; chief, technical information service, 

Dr. HENRY A. BLAIR, director, atomic energy project, University of Rochester, 

BREWER F. BOARDMAN, supervisor, technical information service, Phillips Petro- 

CHARLES W. CAMPBELL, superintendent of development staff services, Sandia 

Dr. F. L. CU BERT, technical director, National Lead Co. of Ohio, Cincinnati, 

w. E. DREESZEN, administrative aide to director, Ames Laboratory, Ames, Iowa. 
v. L. HARWELL, head, patents and declassification department, Carbide & 
Carbon Chemicals Co., div. of Union Carbide & Carbon Corp., Oak Ridge, 
Tenn. 

division of information services, AEC, Washington, D. C. 

Rochester, N. Y. 

leum Co., Idaho Falls, Idaho. 

Corp., Albuquerque, N. Mex. 

Ohio. 
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EDWARD L. HILL, supervisor, technical services unit, General Electric ANp p 
FRm R. LONG, supervisor, technical information group, atomic energy research E 

Dr. JAMES A. MERRILL, director, laboratory division, Goodyear Atomic Corp,, 

Project, Cincinnati, Ohio. 

department, North American Aviation, Inc., Downey, Calif. 
g 

Akron, Ohio. i 
Dr. JAMES W. MORRIS, technical division, Savannah River laboratory, E. I. du 

Pont de Nemours & Co., Augusta, Ga. 

Co., div. of Union Carbide & Carbon Corp. (ORNL), Oak Ridge, Tenn. 

N. Y. 

research, AEC, Washington, D. C. 

Laboratory, Upton, Long Island, N. Y. 

University of California, Los Angeles, Calif. 

AEC, Lemont, Ill. 

Ohio. 

house Electric Corp., Pittsburgh, Pa. 

cation, AEC, New York Operations Office, New York, N. Y. 

Los Alamos Scientific Laboratory, Los Alamos, N. Mex. 

burg, Ohio. 

Dr. E. J. MURPHY, assistant to  research director, Carbide & Carbon Chemicals 

Dr. G. M. MURPHY, professor of chemistry, New York University, New York, 

Dr. DANIEL J. PFLAUM, chief, materials and information branch, division of 

DENNIS PULESTON, head, technical information division, Brookhaven National 

Dr. RICHARD F. RILEY, chief, radiation chemistry section, atomic energy project, 

D. P. RUDOLPH, director, technical services division, Chicago Operations Office, 

Dr. H. W. RUSSELL, assistant director, Battelle Memorial Institute, Columbus, 

Dr. W. E. SHOUPP, assistant division manager, atomic power division, Westing. 

Dr. CHARLES SLESSER, director, division of technical information and declassifi. 

Dr. RALPH CARLISLE SMITH, assistant director for classification and security, 

Dr. ROBERT A. STANIFORTH, director of research, Mound Laboratory, Miamis- 

Dr. JOHN R. STEHN, physicist, theoretical physics division, Knolls Atomic Power i - 
C. G. STEVENSON, head, technical information, technical section, engineering 

Dr. R. K. WAKERLING, chief, information division, radiation laboratory, Univer- 

Dr. H. D. YOUNG, director, information division, Argonne National Laboratory, 

E 

~ 

- Laboratory, Schenectady, N. Y .  E 
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Argonne Cancer Research Hospital (University of Chicago, contractor), 
Chicago, Ill. 

Argonne National La,boratorg (University of Chicago, contractor), 
Chicago, Ill. 

The participating institutions are: 
Battelle Memorial Institute 
Carnegie Institute of Technology 
Case Institute of Technology 
Illinois Institute of Technology 
Indiana University 
Iowa State College 
Kansas State College 
Loyola University (Chicago, Ill.) 
Marquette University 
Mayo Foundation 
Michigan College of Mining and 

Michigan State College 
Northwestern University 
Ohio State University 
Oklahoma Agricultural and Mechani- 

Purdue University 

Technology 

cal College 

St. Louis University 
State University of Iowa 
Washington University (St. 

Wayne University 
Western Reserve University 
University of Chicago 
University of Cincinnati 
University of Illinois 
University of Kansas 
University of Michigan 
University of Minnesota 
University of Missouri 
University of Nebraska 
University of Notre Dame 
University of Pittsburgh 
University of Wisconsin 

Mo.) 
Louis, 
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Bettis Plant (Westinghouse Electric Corp., Atomic Power Division 
contractor), Pittsburgh, Pa. 

Division Manager, Westinghouse Atomic Power 

Assistant Division Manager (Technical) , - - - - _ - - - - - _ JOHN W. SIMPSON 
Assistant Division Manager (Administrative) - - - - - - - EDMUND T. MORRIS 
Assistant Division Manager (Development) _ _  _ - - - - _ - Dr. WILLIAM E. S ~ o ~ p p  

Division ______________________________r_______ CHARLES H. P~EAVER 

Brookhaven National Laboratorg (Associated Universities, Inc., 
contractor), Upton, Long Island, N. Y. 

The participating institutions are: 
Columbia University Prince ton University 
Cornel1 University Yale University 
Harvard University University of Pennsylvania 
Johns Hopkins University 
Massachusetts Institute of Tech- 

University of Rochester 

nology 
Chairman, Board of Trustees- - - - - _ - - - - - - - - - - - - - THEODORE P. WRIGHT 
President, AUI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  LLOYD V. BERKNER 
Vice President, AUI  and Laboratory Director_-- _ _ _  Dr. LELAND J. HAWORTH 
Deputy Laboratory Director-- - - _ _  - - - _ _  _ - - - - - - - - - Dr. GERALD F. TAPE 
Assistant Director, University Liaison--, - - - - - - - _ - - Dr. ROBERT A. PATTERSON 

KnoZZs Atomic Power Laboratorg (General Electric Co., contractor), 
Schenectady, N. Y. 

General Manager, Operating Department--- - - - - - - - - _ - - - - K. R. VAN TASSEL 
Manager, Technical Department - - - - - - - - _ _ - - - _ - _ - - - - - - - Dr. K. H. KINGDOH 

Los Alamos Scientific Laboratorg (University of California, 
contractor), Los Alamos, N. Mex. 

Director _ _ _ _ _  - - - - - - _ _ _ _  - - _ - _ _  _ _ _ _  - -_  _ _  - - - _ _  - - - _ _ - Dr. NORRIS E. BRADBURY 
Technical Associate Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. DAROL K. F’ROMAN 

1 
P 

Mound Lczborcztorg (Monsanto Chemical Co., contractor), Miamisburg, 
Ohio 

The sponsoring 
@ Agricultural E 

of Texas 
Alabama POI3 
Catholic Univ 
Clemson AgriT 
D d e  Univers 
Emory Univel 
Florida State 
Georgia Instit 
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university of 
University of 
University of 
University of 
University of 

Chairman of COI 
Vice Chairman c 
President of Inst 
Vice President o 
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Executive Direcl 

Oak Ridge Nc 
div. of Unil 
Tenn. 

Director- - - - - - - - 
Research Directc 
Deputy Researd 
Assistant Resear 

j Assistant Resear 
Assistant Resear 

Radiatiox 

Director, - - - - - - - 
Associate Directc 
Business Manap 
Assistant Directc 
Director, Crocke 
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oak Ridge Irustitute of Nuclear Studies (contractor), Oak Ridge, Tenn. 

The sponsoring universities of the Instituteare: 
and Mechanical College Mississippi State College 

North Carolina State College 

Southern Methodist University 
Tulane University of Louisiana 

Agfi 
of Texas 

Alabama polytechnic Institute Rice Institute 
Catholic University of America 
Clemon Agricultural College 
D& University Tuskegee Institute 
Emow University Vanderbilt University 
Florida State University 
Georgia Institute of Technology 
Louisiana State University & A. and 

University of Georgia 
University of Kentucky 
University of Louisville 
University of Maryland 
University of Mississippi 
u~vers i ty  of North Carolina 

Virginia Polytechnic Institute 
University of Alabama 
University of Arkansas 

University of Oklahoma 
University of Puerto Rice 
University of South Carolina 
University of Tennessee 
University of Texas 
University of Virginia 

M. College University of Florida 

Chairman of Council--- - - - - - - - - - - - - - - - - - - - - _ _ - _ - - - Dr. GEORGE H. Ban, 
Vice Chairman of Council- - - - - - - - - - - - - - - _ - - _ - _ - - - _ Dr. MARTEN TEN HOOR 

Vice President Of InstitUte- - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - Dr. C. K. BECK 
Scientific and Educational Consultant-- - _ _ - - - - - - - - - - Dr, GEORGE B. PEGRAM 
Executive Director of InstitUte-_ _ _ _ _ - - _ - _ - _ - - - - - - - - Dr. WILLIAM G ,  POLLARD 

of Institute - - - - - - - - - - - - - - - _ - - - - - - - _ - - : - Dr. PAUL M. GROSS 

oak Ridge National Laboratorg (Carbide & Carbon Chemicals Co., 
div. of Union Carbide & Carbon Corp., contractor), Oak Ridge, 
Tenn. 

Radiation Laboratorg (University of California, contractor), 
Berkeley, Calif. 

Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. ERNEST 0. LAWRENCE 
Associate Director- - _ _ _ _  _ _  - - _ _  _ _ _ _ _ _ _ _  _ - _ -  _ _  _ _  _ _  Dr. DONALD COOUEY 
Business Manager and Managing Engineer - - - - - _ - - - WALLACE B. REYNOLDS 
Assistant Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  WILLIAM M. BROBECK 
Erector, Crocker Laboratory-Medical Physics,_ - _ - Dr. JOSEPH G. HAMILTON. 
Director, Donner Laboratory of Medical Physics- - - - Dr. J. H. LAWRENCE 
histant Director, Donner Laboratory,, , - - - - - - - - - - Dr. HARDIN JONES 
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Raw Materials Development Laboratory (NationaI Lead Co., contrac. 
tor), Winchester, Mass. 

Technical Director and Manager (Acting) _ _ _  _ - _ _ - _ - - - - _ JOHN BREITENSTEQ ~g 
f 
5 
I 

Rochester Atomic Energy Project (University of Rochester, contractor) ' t  

a 
E 

Rochester, N. Y. 
~ 

Director _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ - - _ _ - _ _ _ - - - _ - - _ - -  Dr. HENRY A. BLAIR 
Assistant Director for Education-- _ _ - _ _ _ _ _ - _ - _ - _ - _  Dr. J. NEWELL S T A N N A ~ ~  
Business Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - _ _ - - - - _  C. M. JARVIS E 

Sandia Laboratory (Sandia Corp., contractor), Sandia Base, 
Albuquerque, N. Mex. 

Universitg of California, Los Angeles, Atomzc Energg Project (&. 
versity of California, contractor), Los Angeles, Calif. 

University of California Medical Center, RadiologicaE Laboratory 
(University of California, contractor), San Francisco, Calif. 

Shipments classified by k 
Radioactive isotopes: 

Iodine 131 _ _ _ _ _ _ _ _  
phosphorus 32--- 
Carbon 14 _ _ _ _ _ _ _  
Sodium 24 _ _ _ _ _ _ _  
Sulfur 35 _ _ _ _ _ _ _  
Gold 198 _ _ _ _ _ _ _ _ _  
CJcium 4 5 - - - - - -  
Iron 55 _ _ _ _ _ _ _ _ _ _ _ .  

Cobalt 60 _ _ _ _ _ _ _ _  
potassium 42- -. . . 
Strontium 89, 90.. 
Other _ _ _ _ _ _ _ _ 5 _ _ _ _  

Total- _ _ _ _ _  - - - - - 
Deutequm oxide.. 
Deuterlum _ _ _ _ _  - -. 
Boron. - - _______. . 

Helium 3 _ _ _ _ _ _ _ _ _  
Oxygen 18. _ _ _ _ _ _ _  
Electromsgneticsl: 
Argon 38 _ _ _ _ _ _ _ _ _ _  

Total _ _ _ _ _ _ _ _ _  _ _  
Shipments to AEC ins 

Radioactive- - - - - - 
Stable- _ _ _ _ _ _ _ _ _ _ _  

Stable isotopcs: 

I Shipments from Oak R 
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APPENDIX 4 

ISOTOPE DISTRIBUTION DATA 

NUMBER OF SHIPMENTS 1 I 
Aug. 2,1946, 
Dec. 31,1953 

Jan. 1,1954, 
May 31,1954 

2,059 
998 
147 
181 
109 
260 
45 
63 
65 
82 
50 

755 

4.814 
~ 

66 
52 
21 
1 

23 
76 

239 

Total to 
May 31,1954 

19,095 
12, on 
1,979 
1.770 

969 
1,708 
604 
609 
854 
738 
414 

6,670 

47,566 

n5 
757 
226 
34 

322 

4 
a75 

~ 

2,933 

452 
43 

97 

7,702 
1, no 



APPENDIX 4 

I- 

;- 



ISOTOPE DISTRIBUTION DATA 99 



100 

I 
I 

W 

0 + E 

I 

1 I 

I 



I I I 
I I 

I I 
a I 

, I , 

ISOTOPE DISTRIBUTION DATA 101 



NTRIES - 
TOTAL to 
tag 31,1954 - 

118 
104 

1 
137 
16 

d ss: 
85 
6 
0 

173 
214 

1 
2 
0 

135 
14 
99 
I4 
0 
1 
9 
0 
5 

14 
3 
0 
6 
32 
263 

6 
64 
54 
11 
43 
5 
0 

17 
2 
5 
5 

183 
53 
0 
0 
3 
5 

28 
10 
1 
0 

- 
'M. 
954 

13 
1 
0 
6 
0 
0 

18 
0 

147 
6 
0 
0 
40 
7 
0 
1 

4 
1 
9 
8 
0 
0 
6 
0 
0 
2 
0 
0 
0 
4 
36 
0 

17 
1 

1 
I 
I 
4 

( 
( 
I 

t 
t 
1 
4 
I 
I 
( 
I 

- 

n 

a 

1 

- 
33 - - 

4 
15 
1 

1 
I 

1 - 
x 
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2,743 

817 
787 
265 
110 
91 

156 
64 
84 

369 

2,743 

APPENDIX 5 

OWNED PATENTS 

p A m ~ ~  ISSUED TO THE COMMISSION WHICH ARE AVAILABLE FOR 
LICENSING 

The following 37 u. s- Letters Patents owned by the United States Govern- 
ment as represented by the United States Atomic Energy Commission, are in 
addition to the 117 patents listed in the 15th Semiannual report. The patents 

have been made available for licensing at periodic intervals. Licenses 
anted on a non-exclusive, royalty-free basis. Abstracts of patents available are gr for limnsing are published in the Patent Office Official Gazette. 

pat& No. 

2.662,001 

2,663 , 801 

2,663 , 802 
2,664 , 449 

2,664,515 

2,664 , 998 

2 665 , 384 

2 , 666 , 147 
2,666,539 

2,666 , 865 

2,667 , 104 
2,667 , 178 

2 , 667 , 474 

2,667 , 582 
2 668 , 260 

2,668 , 272 

Tilk 

Plate Design for Pulse Columns, 

Transmission Fluorimeter- _ _ _  - - - 

Neutron Detector _ _ _ _ _ _  _ _ _ _ _ _ _  - 
Pyrolysis of TrifluorochIoroethy- 

Magnetic Electron Multiplier- _ - lene Polymers. 

Container for Neutron Irradiated 
material. 

Ion Accelerating and Focusing 

Spectrometer- - - - - - _ _ - - - _ _ _ _ _ _ - 
Rapid Operation Air Lock for 

Survey Instrument _ - - - _ _ - _ _  _ _  - 

System. 

Closed Vessels. 

Light Valve _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Liquid Level Control _ _ _ _ _ _ _ _ - _ _  

Heat Treatment of PoIytrifluo- 

Mass Separator,, _ - _ _  - - - - - _ _ _ _  
Ion Source . . . . . . . . . . . . . . . . . . . .  

rochloroeth ylene. 

Patentee 

W. A. Bums and W. F. Johnson, 
Richland, Wash. 

M. Slavin, East Setauket, N. Y., 
M. H. Fletcher, Alexandria, 
Va., and I. May, Washington, 
D. C. 

P. E. Ohmart, Dayton, Ohio 
W. T. Miller, Ithaca, N. Y. 

L, G. Smith, Center Moriches, 
N. Y. 

J. F. Gifford, Richland, Wash., 
and N. B. Garden, Berkeley, 
Calif. 

H. P. Yockey, Berkeley, Calif. 

L. B. Borst, Oak Ridge, Tenn. 
R. T. Avery, Oakland, Calif. 

C. J. Borkowski, Oak Ridge, 

W. E. Buck, Los Alamos, N. Mex. 
M. S. Fred, Chicago, and E. G. 

W. T. Miller, Ithaca, N. Y. 

Tenn. 

Rauh, Minsdale, Ill. 

J. G. Backus, Los Angeles, Calif. 
C. F. Barnett and C. B. Mills, 

E. J. Groth, Jr., Woods Hole, 
Oak Ridge, Tenn. 

Mass. 
Patents listed as of April 27,1854. Applicants for licenses should apply to Chief, Patent Branoh, omce 

Ofthe General Counsel, U. S. AEC, Washington 25, D. C., identlfyfng the subject matter by patent number 
u d  title. 
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APPENDIX 6 

EC encourages project scientists to make their own arrangements for the The A of nonsecret research results in the established scientific and tech- 
$& journals. Guides to such publications may be found in Nuclear Science 
Abstracis (see p. 108). There are, however, a number of special publications which 

AEC has sponsored or helped sponsor. 

SEMIANNUAL REPORTS TO CONGRESS 

The AEC semiannual reports to  Congress on the progress of the Commission's 
rofirarn are published and made available to the public by the Superintendent 
P of Documents, U. S. Government Printing Office, Washington 25, D. C. An 
aiternate title, indicating the principal subject of the report, has been given to 
each of the later reports. Indexes to the semiannual reports are also available 
from the Superintendent of Documents. 
First Semiannual Report, January 1947. 
Secdnd Semiannual Report, July 1947. 
Third Semiannual Report, January 1548. 
Fourth Semiannual Report, Recent Scientific and Technical Developments in the 

Fifth Semiannual Report, Atomic Energy Development, 1947-1 948, January 1949. 

Sixth Semiannual Report, Atomic Energy and the Life Sciences, July 1949. 45 

Seventh Semiannual Report, Atomic Energy and the Physical Sciences, January 

Eighth Semiannual Report, Control of Radiation Hazards in the Atomic Energy 

Xinth Semiannual Report, A E C  Contract Policy and Operations, January 1951. 

Tenth Semiannual %port, Major Activities in the Atomic Energy Programs, 

Eleventh Semiannual Report, Some Applications of Atomic Energy in PEant 

Twelfth Semiannual Report, Major Activities in the Atomic Energy Programs, 

Thirteenth Semiannual Report, Assuring Public Safety  in Continental W e a p m  

Fourteenth Semiannual Report, Major Activities in the Atomic Energy Programs, 

Fifteenth Semiannual Report, Major Activities in the Atomic Energy Programs, 

Imkx to the Semiannual Reports to Congress, January  19GY-January 1951. 20 

Aiomic Energy Programvf  the United States, July 1948. 

45 cents. 

cents. 

1950. 50 cents. 

Program, July 1950. 50 cents. 

40 cents. 

January-June 1951, July 1951. 

Science, January 1962. 50 cents. 

January-June 1952, July 1952. 

Tests, January 1953. 50 cents. 

January-June 1953, July 1953. 

July-December 1958, January 1954. 45 cents. 

cents. 

35 cents. 

35 cents. 

35 cents. 

30 cents. 

Llsted as of April 30,1954. 
I Available from the Superintendent of Documents, Government Printing Office, wmb&on ,  D. c. 
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Index to the Tenth Semiannual Report to Congress, January-June 1951. 10 cents. 
Index to the Eleventh Semiannual Report to Congress, July-December 1951. 10 

Index to the Twelfth Semiannual Report to Congress, Januarg-June 1952. io 

1 
F 
E cents. I 
s cents. 

cents. 

cents. 

cents. 

I& to the Thirteenth Semiannual Report to Congress, July-December 1952. 15 

Index to the Fourteenth Semiannual Report to Congress, January-June, 1953. 10 

Index to the Fifteenth Semiannual Report to Congress, July-December 1954. 15 

' 

GENERAL PUBLICATIONS 

The following is a list of nontechnical publications pertaining to atomic enew 
or the administration of the AEC programs, and available from the Superintendent 
of Documents, U. S. Government Printing Office, Washington 25, D. C. 
Selected Readings on Atomic Energy, August 1951, a bibliography of Official 

publications, books, magazines, pamphlets and teaching units for educator8, 
and indexes and bibliographies on atomic energy, 23 pages, 15 cents. Revised 
1954 issue in process. 

Isotopes-A &Year Summary of Distribution, August 1951, a detailed account 
of isotope utilization during the first 5 years of the Commission's distribution 
program. It is in part a supplement of the %year report of similar title issued 
by the Commission in 1949. This report is a useful reference to investigators 
using or contemplating the use of isotopes, and documentary evidence of the 
value of radioactive and concentrated stable isotopes to  modern research and 

Prospecting for Uranium, revised October 1951, a nontechnical booklet prepared 
by the United States Geological Survey and AEC describing the uranium- 
bearing minerals, where to look for them, and instruments to use in prospecting 
and in laboratory testing and analysis of ores. It contains six color plates of 
principal minerals. Laws, regulations, and price schedules for uranium- 
bearing ores are incIuded, 128 pages, 55 cents. 

Prospecting with a Counter, revised July 1964, a summary of information on field 
counters, their operation, use, abuse, and their application to  prospecting, 
mining and geologic problems, 68 pages, 30 cents. 

Selling to AEC (supersedes Contracting and Purchasing Ofices and Types of 
Commodities Purchased) revised 1953, provides certain basic information helpful 
to those who .want to do business with AEC or its contractors. It indicates 
who does the buying, what is bought, where procurement offices are located, 
and other general information, 25 pages, 15 cents. 

A Guide for Contracting of Construction and Related Engineering Services, revised 
January 1951, gives AEC policy on awarding contracts for construction and 
architect-engineering services, procedures followed when requests for bids are 
formally advertised and when contracts are negotiated. Operations offices and 
officials responsible for letting such contracts are listed, 16 pages, 15 cents. 

f 

F 

E 
t 

' 

i 
~ 

technology in science, medicine, agriculture and industry, 451 pages, $1. 

I 

TECHNICAL PUBLICATIONS 

The items listed below, together with the National Nuclear Energy Series described 
in the next section, are the publications of scientific and technical interest. In 
addition, articles numbering in the thousands may be found in the scientific and 
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technical journds, and hundreds of reports, not published elsewhere, may be 
obtained from the Office of Technical Services, Department of Commerce, 
dsshington 25, D. C. Lists of titles and prices of these reports are available 

the Ofice of Technical Services. 

Books 
The Ekmenls of Nuclear Reactor Theory, Samuel Glasstone and Milton C. Eiilund, 
D. Van Nostrand CO., N. Y., 1952, is written for scientists, engineers and 
advanced students interested in the field of nuclear reactors. It explains 

physical concepts and processes involved in a nuclear chain reaction and 
the methods for CaICUlating critical conditions for chain reacting systems, 416 
pages, $4.80. 

Sourcebook on Atomic Energy, Samuel Glasstone, D. Van Nostrand CO., N. Y., 
1950, presents a comprehensive, technical description of the theory, history, 
development, and uses of atomic energy. Chapters are included on the struc- 
tme of the atom, radioactivity, isotopes, neutron research, acceleration of 
charged particles, and other phases of nuclear science, 546 pages, $3.75. 

in the Future, Palmer Cosdett Putnam, D. Van Nostrand Co., N. Y., 
1953, presents a study of the problem of where we can find sources of Iow-cost 
enera in an abundance equal to  the maximum plausible demands by the 
expanding and industrializing populations of the future, and what is the 
maximum plausible role that nuclear fuels may be called on to play in the next 
50 years, or so, 556 pages, $12.75. 

~b Efects of Atomic Weapons, 1950, prepared for the Department of Defense 
and the AEC by a board of editors under the direction of the Los Alamos 
Scientific Laboratory, presents a technical summary of the results to be expected 
from the detonation of atomic weapons, with chapters describing an atomic 
explosion, the shock from air, underwater, and underground bursts; blast, 
radiation, and fire effects; methods of protecting personnel; and decontamina- 
tion methods, 456 pages, $1.25.2 

i 

fifanuals, Handbooks and Reports 
Nuclear Power Reactor Technology, reports to the U. S. Atomic Energy Commission 
by the Industrial Study Group, May 1953, appraising the prospect for private 
industrial participation in joint production of electric energy and fissionable 
material from reactors. The appraisals included examination of both technical 
and economic problems involved in production from nuclear reactors of electrical 
energy for industrial and commercia1 use, 88 pages, 25 cents? 

Handbook on Aerosols, 1950, contains chapters from the National Defense Research 
Committee Summary Technical Report, Division 10, declassified by the 
Army at the request of AEC, on the properties and behavior of aerosols, principals 
and instruments used in meteorology studies, and information useful in studies 
of the disposal of gaseous radioactive wastes, the dispersal of insecticides, the 
disposal of industrial gases, etc., 147 pages, 70 cents.2 

fiandbook on Air Cleaning-Particulate Remood, Sheldon K .  Friedlander, Leslie 
Saverman, Philip Drinker and Melvin W. First, Harvard University, September 
1952, a compilation of data resulting from the study of air cleaning equipment 
and procedures. Such studies applied principally to the removal of radio- 
active dust and contamination from exhaust gases, etc., 89 pages, 45 cents? 

'Available from the SuperLntendent of Dormments, Government Prfnting O B e ,  Washington 25, D. C. 
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Liquid Metals Handbook, second edition (revised) January 1954, R. N. Lyon et 

compiled by the Department of the Navy and AEC, summarizes current in. 
formation on the physical and chemical properties of liquid metals, their 
present industrial uses, and their use and potentialities as heat-transfer media, 
269 pages, $1.25.1 

Neutron Cross Sections (AECU 2040), May 15, 1952, a compilation of data in 
tabular and graphic form prepared by the AEC Neutron Cross Section Advisog 
Group. Cross section values for a number of nuclides, elements and compounds 
are given for neutrons ranging in energy from 0.0001 electron volts to  ioo  
Mev., $1.8 

Handling Radioactive Wastes in  the Atomic Energy Program, revised Aught 
1951, reports on the sources and types of radioactive wastes in atomic energy 
operations, methods developed for their safe handling and disposal, and methods 

16 cents.2 

N. Y., 1949, shows physical data for all the nuclear species known as of Juad 
1949, $2.50. 

e 

specified for the safe handling of radioisotopes by private users, 30 Pag es, 

Trilinear Chart of Nuclear Species, W. H. Sullivan, John Wiley & Sons, Inc 

Periodicals and Catalogs 
Nuclear Science Abstracts, issued twice a month by the AEC Technical Informa. 

tion Service, contains abstracts of all current AEC declassified and unclassified 
reports, of non-AEC reports related to atomic energy, and of articles appearing 
in both the foreign and domestic periodical literature, $6 per year. ($8 per 
year foreign.) 2 

Isotopics, a quarterly journal of announcements issued by the Isotopes Division, 
AEC, Oak Ridge, Tenn., concerning the availability, utilization, and handling 
of isotopes, 35 cents per copy, $1 per volume? 

Isolopes-Catalog and Price List, Oak Ridge National Laboratory, Oak Ridge, 
Tenn., July 1952, lists and describes radioactive and stable isotopes available 
from ORNL and includes prices and instructions for ordering the isotopes, 
$1 per copy. 

THE NATIONAL NUCLEAR ENERGY SERIES 

These volumes were written by the scientists who performed the research and 
development on the atomic energy enterprise under the Manhattan Engineer Dis- 
trict and later under the Atomic Energy Commission. The following volumes 
have been published for the AEC project by the McGraw-Hill Book Co., New 
York, N. Y. 
Division I :  The Electromagnetic Separation Process 
Vacuum Equipment and Techniques, vol. 1, edited by A. Guthrie and R. K. Waker- 

ling, 1949, describes the development and study of high vacuum equipment and 
high vacuum systems for the large-scale separation of isotopes by the electro- 
magnetic process, 264 pages, $3.75. 

The Characteristics of Electrical Discharges in Magnetic Fields, vol. 5, edited by 
A. Guthrie and R. R. Wakerling, 1949, cover most of the significant studies by 
the University of California Radiation Laboratory on electrical discharges with 
emphasis on studies of electrical discharges in vapors of uranium compounds, 
376 pages, $5. 

9 Available from the Superintendent of Documents, Government Printing Office, Washtngton 25, D.C. 
* Available lrom Ofliioe of Technlcal Services, U. S. Department of Commerce, Washfngton 26, D.C. 
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The Chemistry and Metallurgy of Miscellaneous Materials; ThermOdZ! 
19B, edited by L. L. Quill, 1949, contains 10 research Papers on t 
dynamic properties of the elements and several of their C O ~ P O U ~ ~ S ,  
$4.50. 

Idustrial Medicine en the Plutonium Project, vol. 20,  edited by R. s. 
describes the medical program established for the care and protect 
ers on the plutonium project, 511 pages, $7. 

Biological Effects of External X -  and Gamma Radiation, part I ,  Vol. 22B, edited b3' 
R. E. Zirkle, 1954, deals with radiological research and investigations 
formed at the National Cancer Institute of the effects of continuous XI 
gamma irradiation on life span, weight, blood picture, and breeding behavior of 
small laboratory mammals, 530 pages, $7.25. 

Biological Effects of External Beta Radiation, vol. 22E, edited by R. E. &ue, 
offers a collection of original reports on the effects of beta rays applied to the 
surface of the mammalian body, 242 pages, $3.50. 

Histopathology of Irradiation from External and Internal Sources, vel. 221, edited 
by W. Bloom, 1948, is an advanced treatise on the histopathological and cytb 
logical effects of total-body irradiation, 808 pages, $10.76. 

TvxicoEogy of Uranium, vol. 23, edited by A. Tannenbaum, 1950, describes the 
studies made on the distribution, accumulation, excretion, and chemical and 
physiological effects of uranium and uranium compounds in the animal bodg, 
323 pages, $4.76. I Division V :  Los Alamos Project 

Electronics: Experimental Techniques, vol. 1, edited by W. C. Elmore and M. L, 
Sands, 1948, describes a number of complete circuits and circuit elements 
developed at Los Alamos for making nuclear and other physical measurementl 5 
417 pages, $5.60. 

Ionization Chambers and Counters: Experimental Techniques, vol. 2,  edited by 
B. Rossi and H. Staub, 1949, describes the physical principles of ionization 
chambers and counters, and includes previously unpublished project develop 
ments by scientists a t  the Los Alamos Laboratory, 243 pages, $3.25. 

Miscellaneous Physical and Chemical Techniques of the Los Alamos Project,, v01.3, 
edited by A. C. Graves and D. K. Froman, describes a variety of laboratov 
techniques used at Los Alamos in early studies. Drawings and diagrams of the 
laboratory and apparatus are given, 323 pages, $4.25. 

I 
1 

Division VI: Universitg of Rochester Project 

Pharmacology and Toxicology of Uranium Compounds, vol. 1, edited by C. Voegtlin 
and H. C. Hodge. Parts I and 11, published in 1949, summarize the results oi 
3 years' research on the toxicity of various uranium compounds and the mecha- 
nism of uranium poisoning. 
Parts I11 and IV, published in 1953, continues from Parts I and 11, with results 
of long-term studies, mainly on the chronic inhalation toxicity of uranium 
compounds. Major problems considered are bone deposition of uranium and 
carbohydrate metabolism. Bibliography, index. 1,381 additional pages 
2 parts), $18. 

Biological Efects of External Radiation, vol. 2, edited by Henry A. Blair, 19541 
reports the studies made during the war period at the University of Rochester 
on the biological effects of X-radiation along with a collaborative study of the 
chronic effects of neutron irradiation made with the Biochemical Foundation! 

1,084 pages (in 2 parts), $14.25. 
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Newark, De]. Included in the volume are the effects of single doses of whole- 
X-radiation, chronic X-radiation, and fractionated doses of fast neutrons, body 

ical Studies with Polonium, Radium and Plutonium, vol 3, edited by R. M. 
Biosos fink, 1949, describes the studies made of the biological effects of these alpha- 

elements in the animal body, air monitoring precautions, and equip- 
ment used in atomic energy laboratories where work with these elements is 
r a ~ e d  on, 411 pages, $5.50. 

jos pages, in PEW about $6.50. 

&& 'on VII: 2Materia.k Procurement Project 

Reparation, Properties, and Technology of Fluorine and Organic Fluoro Corn- 
dtLds, ~ 0 1 .  1, edited by C. Slesser and s. R. Schram, describes development in P the largescale manufacture Of fluorine, and purifying and handling fl uorine. 

It describes the preparation and the chemical and physical properties of various 
fluorocarbon compounds, 868 pages, $11.50. 

Di~Sion VIII: Manhattan Project Chemistry 

ArtlclflGal Chemislrg of the Manhattan Project, vol. 1, edited by C. J. Rodden, 
1950, describes methods of analyzing the many different materials used in 
the atomic energy project-with emphasis on analytical methods for the 
determination of uranium and thorium, 748 pages, $10.00. 

CfCGmigtry of Uranium. Part I .  The Element, I ts  Binary and Related Compounds, 
vel. 5, by J. J. Katz and E. Rabinowitch, 1951, is a detailed discussion of the 
physical and chemical properties of uranium, its occurrence in nature and 
extraction from ores, and preparation and physical properties of its binary 
compounds, 609 pages, $8.25. 

DEPOSITORY LIBRARIES 

order to make the nonclassified results of AEC research and development 
&railable to the public, the following libraries serve as depositories for essentially 
d of the Commission's nonclassified reports. A number of other university and 
public libraries also receive from the AEC copies of the reports that  are sold by 
;he Office of Technical Services. 

CALIFORNIA 
Berkeley, University of California 

Los Angeles, University of California 
General Library 

Library 
COLORADO 

CONNECTICUT 

DISTRICT O F  COLUMBIA 

GEORGIA 

Denver, Denver Public Library 

New Raven, Yale University Library 

Rahington, Library of Congress 

Atlanta, Georgia Institute of Tech- 
nology Library 

ILLINOIS 
Chicago, John Crerar Library 
Chicago, University of Chicago Li- 

Urbana, University of Illinois Library 

Lafayette, Purdue University Library 

Ames, Iowa State College Library 

Lexington, University of Kentucky 

brary 

INDIANA 

IOWA 

KENTUCKY 

Library 
LOUISIANA 

Baton Rouge, Louisiana State Univer- 
sity Library 
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3 H I 0  MASSACHUSETTS 
Cambridge, Harvard University Li- 

Cambridge, Massachusetts Institute 
brary 

of Technology Library 
MICHIGAN 

Ann Arbor, University of Michigan 

Detroit, Detroit Public Library 

Minneapolis, University of Minnesota 

Library 

MINNESOTA 

Library 
MISSOURI 

Kansas City, Linda Hall Library 
St. Louis, Washington University 

Library 
NEW JERSEY 

Princeton, Princeton University Li- 
brary 

NEW MEXICO 
Albuquerque, University of New 

Mexico Library 
NEW YORK 

Buffalo, Lockwood Memorial Librarj 
Ithaca, Cornell University Library 
New York, Columbia University Li- 

New York, New York Public Libran 
Troy, Rensselaer Polytechnic Insti- 

brary 

tute Library 
NORTH CAROLINA 

Durham, Duke University Library 
Raleigh, North Carolina State Cola 

lege Library 

Cincinnati, 
Library 

Cleveland, 
Columbus, 

University of Cincin 

Cleveland Public Librapy E 

Ohio State University Li 

brary 
OKLAHOMA 

Stillwater, Oklahoma Agricultural a4d 
Mechanical College Library 

OREGON 

brary 
Corvallis, Oregon State College Liv 

PENNSYLVANIA 
Philadelphia, University Of Pennsyi, 

Pittsburgh, Carnegie Library 
vania Library 

Pittsburgh 
TENNESSEE 

Knoxville, University of Tennessee 

Nashville, Joint University Libraries 

Austin, University of Texas Librat,, 

Salt Lake City, UniversityIof Utah g 

Library 

TEXAS 

UTAH 

f Library 
WASHINGTON E 

i 
! 

Seattle, University of Washingtoa 
Library 

WISCONSIN 
Madison, University of Wisconsia 

Library 

INDUSTRIAL DEPOSITORIES 

To provide industry with specialized industrial information materials and to 
facilitate inspection of such materials, th% AEC has set up special depositories at 
the Atomic Industrial Forum, Inc., in New York City, a t  the John Crerar Library - 
in Chicago, in the Stanford Research Institute, Stanford, Calif., and Office o! i 
Technical Services, U. S. Department of Commerce, Washington, D. C. Initially, g 
industrial depository collections will be comprised of some 700 nonclassified 
“basic science” reports which have been found to contain technological develop 
ments of special value to American industry not directly connected with the U. S. 
Atomic Energy program. Abstracts of these reports were published in a sen6 
of special bibliographies entitled, “Selected AEC Reports of Interest to Industv,” 
which is also available at the depositories. A modest program for making Un- 
classified engineering drawings available for inspection at industrial depositon@ 
has also been initiated. 
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APPENDIX 7 

REGULATIONS OF THE u. s. ATOMIC ENERGY COMMIS$ION l 

3&-RADIOISOTOPE DISTRIBUTION 
Ffl 

I V I I ~ ~ ~ ~ A N E O U S  AMENDMENTS 

ant to the Atomic Energy Act of pusu  as amended (Pub. Law 585, 79th 
. 60 Stat. 755 ff) and section 4 (a) 

the Administrative Procedure Act of 
1946, 8s amended (Pub. Law 404, 79th 

additional amendments to Title 
Chapter I ,  Part 30, Code of Federal 

Regulations, entitled “Radioisotope Dis- 
 buti ion", promulgated April 9, 1951, 
sad published in Volume 16, Pages 3251 
et Seq . of the FEDERAL REGISTER, are set 
forth hereunder to be effective January 

19469 
Gong* 9 

_- 
1 j, 1954. 

1 Amend 8 30.2 to read as follows: _. -~ 

Q 30.2 Definitions. As used in this 

(a) Commission. “C o m m i s s i o n” 
meam the United States Atomic Energy 
Commission created by the Atomic 
Energy Act of 1946, or its duly author- 
&d representative. 
(b) Distributor. “Distributor” means 

aey person to the extent that  such per- 
son is engaged in operating Commis- 
sion-owned laboratories, plants or other 
facilities under a contract with the Com- 
mission and is engaged in the distribu- 
tion of radioisotopes for the Commission. 

( c )  FissionubZe material. “Fissionable 
material” means fissionable material as 
defined in section 5 (a) (1) of the Atomic 
Energy Act of 1946 and in the regula- 
t i o n ~  contained in Part 70 of this 
chapter. 

part: 

lPolicles and regulations of the U. 13. AEC an- 
minced prior to July 1954 can ba found in Appendix 
% Fifth Semiannual Report; Appendix 10, Sixth 
hniannual Report; Appendix 4, Ninth Semiannual 
we; Appendix 6, Tenth Semiannual Report: 
Appendix 6. Eleventh Semiannual Report; Appen- 
dk 6. Twelfth Semiannual Report; Appendix 6, 
h t h  Semiannual Report; Appendix 5, Four- 
m t h  biannual Report; Appendix 6, Fifteenth 
*d Report; and in the Federal Register. 

(d) General authorization. “General 
authorization” means an authorization 
that is issued for the procurement of any 
quantity of any radioisotope of atomic 
number 3 to 83 for the use or uses 
designated therein. 

(e) Human use. “Human use” 
means the internal or external adminis- 
tration of radioisotopes, or the radiation 
therefrom, to human beings. 

(f) One millicurie. “One millicurie” 
means that amount of radioactive ma- 
terial which disintegrates at the rate of 
37 million atoms per second. 

(g) Person. “Person” means any in- 
dividual, corporation, partnership, firm, 
association, trust, estate, public or pri- 
vate institution, group, the United 
States or any agency thereof, any gov- 
ernment other than the United States, 
any political subdivision of any such 
government, and any legal successor, 
representative, agent, or agency of the 
foregoing, or other entity, but shall not 
include the Commission or officers or 
employees of the Commission in the 
exercise of duly authorized functions. 

(h) Radioisotope. “R a d  io  i s o t ope” 
means any radioactive material yielded 
in or made radioactive by exposure to  
the radiation incident to the processes 
of producing or utilizing fissionable ma- 
terial. Radioisotope also means any 
other radioactive material. 

(i) Research and development. “Re- 
search and deve€opment” means theo- 
retical analysis, exploration, and ex- 
perimentation, and the extension of 
investigative findings and theories of a 
scientific or technical nature into prac- 
tical application for experimental and 
demonstration purposes, including the 
experimental production and testing of 
models, devices, equipment, materials 
and processes. “Research and develop- 
ment” as used in this part does not in- 
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clude the internal or external adminis- 
tration of radioisotopes, or the radiation 
therefrom, to human beings. 

(j) Roentgen ( = r ) .  “Roentgen” (= 
r) means that quantity of X- or gamma 
radiation such that the associated cor- 
puscular emission per 0.001293 gram of 
air produces, in air, ions carrying 1 elec- 
trostatic unit of electricity of either sign. 
(k) Roentgen-equivalent-man (=rem.). 

“Roentgen-equivalent - man” (=rem) 
means that quantity of radiation that, 
when absorbed by mammalian tissue, 
produces an effect equivalent to the 
absorption by this tissue of one roentgen 
of X- or gamma radiation. 
(l) Roentgen-equivalent - physical (= 

rep). “Roentgen-equivalent-physical” 
(=rep) means that dose of ionizing 
radiation that is capable of producing 
energy absorption of 93 ergs per gram 
of tissue. 

(m) Seraice irradiation. “Service ir- 
radiation” means the exposure of mate- 
rials of any kind to  radiation in accord- 
ance with instructions and a t  the request 
of some person. 

(n) Source material. “Source mate- 
rial” means source material as defined in 
section 5 (b) (1) of the Atomic Energy 
Act of 1946 and in the regulations 
contained in Part 40 of this chapter. 
2. Amend 5 30.13 by deleting para- 

graph (a) and substituting therefor the 
following new paragraph: 

$ 30.13 Items and quantities. (a) 
Section 30.20 through 30.63, inclusive, 
do not apply to any item listed in $30.70 
Schedule A ,  nor to any quantity listed in 
0 30.71 Schedule B: Provided, That no 
person shall, except as otherwise per- 
mitted by the regulations contained 
in this part, effect an increase in the 
radioactivity of said scheduled items or 
quantities by adding other radioactive 
material thereto, by combining the 
radioisotopes from two or more such 
items or quantities, or by altering them 
in any other manner so as to increase 
thereby the rate of radiation exposure 
of himself or others above the original 
rate therefrom: Provided further, That 
no person shall administer externally or 

internally, or direct the administrat* 
‘Qll 

D f ,  said scheduled items or quantities to 
a human being for any purpose, includ. 
ing but not limited to diagnostic, theta. 
peutic, and research purposes, except 
permitted by a valid authorization. 
3. Amend Q 30.21 to  read as follows: 

aP 0 30.21 Requirements for &e 
proval of applications-(a) Require- 
ments of general applicabili ty.  A do. 
rnestic application for radioisotopes prb 
curement will not be approved unless: 

(1) The radioisotope is requested for 

one or more of the following purposes. 
Research or development, human 
(including medical therapy), industrial 
uses, processing or making of comb 
pounds, or such other useful applications 
as may be developed; 

(2) The applicant has suitable equip 
ment and facilities for the protection of 

health and safety (such as handling de- 
vices, work areas, shields, measuring and 
monitoring instruments) ; and 
(3) The applicant has suitably trained 

and experienced personnel and is other. 
wise qualified to use radioisotopes for 
the requested purpose. 

(b) Special requirements appZicab& tu 
human uses b y  institutions. An applica. 
tion by an institution for authorization 
to procure radioisotopes, other than 
sealed sources, for human use wi!l not 
be approved unless: 

(1) The applicant satisfies the general 
requirements specified in paragraph (a) 
of this section; 

(2) The institution has appointed a 
medical isotopes committee of at least 
three members to  evaluate all proposals 
for research, diagnosis, and therapeutic 
use of radioisotopes within that institu- 
tion. Membership of the committee 
should include physicians expert in in- 
ternal medicine, hematology, therapeu- 
tic radiology, and a person experienced 
in assay of radioisotopes and protection 
against ionizing radiations; 
(3) The institution possesses adequate 

facilities for the clinical care of patients; 
(4) The physician designated on the 

application as the individual user is 
licensed by a state or territory of the 
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States or the District of Colum 
bia to dispense drugs in the practice 0 

dicine, and has substantial experiencc 
me the proposed use, the handling an( 
in of radioisotopes an( 

the clinical manage 
merit of radioactive patients; and 

(5)  The applicant, if the applicatioi 
is for a general authorization, has alsc 
(i) previously received a reasonablc 

er of authorizations for radioiso 
,,curernent for a variety of radio numb 

Wpe p isotopes for a variety of human uses 
( ~ )  a radiological safety offi. 
cer who will advise on or be available 
for advice and assistance on radiologica 
@fetY problems; and (E) appointed : 

isotope committee (see subpara. 
h (2) of this paragraph) which wil 

and approve, in advance of pur. 
of radioisotopes, proposals foi 

human uses- 
(c) Special requirements applicable tc 

human uses b y  individual physicians 
An application by a physician for au. 
thofization to procure radioisotopes 
other than sealed sources, for human 
use will not be approved unless: 

(1) The applicant satisfies the general 
requirements specified in paragraph (a) 
of this section; 

(2) The applicant is a physician li- 
censed by a state or territory of the 
United States or the District of Colum- 
bia to dispense drugs in the practice of 
medicine; 

(3) The applicant has access to a hos- 
pital possessing adequate facilities to 
hospitalize and monitor the applicant's 
radioactive patients whenever i t  is ad- 
Fisable: and 

(4) The applicant has extensive ex- 
perience in the proposed use, the ban- 
dk and administration of radioho- 
bopeS, and where applicable, the clinical 
management of radioactive patients. 

Physician shall furnish suitable 
erid@nce Of such experience with his ap- 
gication. A statement from the me&- 

committee in the institution 
he acquired his experience, in&- 
its amount and nature, may be 

f l a p  

submitted as evidence of such experi- 
ence.) 

(d) Special requirements applicable to 
human use of sealed sources. An appli- 
cation for authorization to  procure 
radioisotopes in sealed sources for 
human use will not be approved unless: 

(1) The applicant satisfies the general 
requirements specified in paragraph (a) 
of this section; and 

(2) The applicant or, if the applica- 
tion is made by an institution, the indi- 
vidual user (i) has specialized training 
in the therapeutic use of the radioactive 
device considered (teletherapy unit, beta 
applicator, etc.) or has experience 
equivalent to such training; and (ii) is 
a physician licensed by a state or terri- 
tory of the United States or the District 
of Columbia to dispense drugs in the 
practice of medicine. 

(e) Special requirements applicable to 
general authorizations for use in research 
nnd deoelopment. An application for a 
general authorization to procure radio- 
isotopes for use in research and develop- 
ment will not be approved unless: 

(1) The applicant satisfies the general 
Pequirements specified in paragraph (a) 
if  this section; 

(2) The applicant has received tr 
-easonable number of authorizations for 
-adioisotopes procurement for a variety 
if radioisotopes for a variety of research 
ind development uses; 

(3) The applicant has established an 
sotope committee (composed of such 
iersons as a radiological safety officer, a 
bepresentative of the business office, 
ind one or more persons trained or ex- 
ierienced in the safe use of radioactive 
naterials) which will review and ap- 
wove, in advance of purchase of radio- 
sotopes, proposals for such uses; and 

(4) The applicant has appointed a 
adiological safety officer who will ad- 
4se on or be available for advice and as- 
istance on radiological safety problems. 

(f) Special requirements applicable to 
eneral authorizations for processing, 
Ln application for a general authoriza- 
ion t o  procure radioisotopes for use in 
irocessing for distribution to  other 

. , . 
, . . . I !  / /  .' i.. ,\ 5.:' . . .  . , I 
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(f) Royalty and rentals. Leases un- 
der this section will be on a royalty-free 
basis. Rental shall be ten dollars ($10) 
per lease year per tract of 1,500 feet by 
600 feet, or fraction thereof, payable in 
advance by certified check or money 
order made payable to Treasurer of 
United States, a t  the time of application 
for a lease and prior to the beginning 
of each lease year thereafter. No re- 
fund of rental will be made by the Com- 
mission to the lessee or lessees should the 
lease be relinquished or canceled as 
provided for in paragraphs (k) and (1) 
of this section. If an insufficient rental 
payment is made, the Commission may, 
at its discretion, select the tracts under 
the lease to  which the payment is 
applicable. 

(g) Work requirements. A conditioc 
of every lease entered into under this 
section will be the conduct on the leased 
premises of exploration, development 01 

mining activities with reasonable dili. 
gence, skill and care for the purpose oj 
achieving and maintaining maximun 
production of uranium ore consisten1 
with good mining practice and the sizt 
of the deposit, unless other arrange 
ments are specified in writing by thc 
Commission. In  any event, but not i1 
limitation of the lease condition se 
forth in the preceding sentence, such ac 
tivities must include for each 1,500 fee 
by 600 feet tract, or fraction thereof con 
stituting a tract, one hundred dollar 
($100) worth of labor performed or im 
provements made on or beneath the sur 
face of the leased premises during eacl 
lease year. Labor performed or expendi 
tures made in marking or posting th 
tract or tracts comprising the leasec 
premises, expenditures attributable t 
travel of personnel to and from t h  
premises and acquisition cost of equip 
ment may not be applied to satisfy wor 
requirements of the lease. A statemen 
signed by the lessee or lessees must b 
submitted to the Commission withi 
fifteen (15) days after the close of eac 
lease year listing the work performed UI 
der the lease as measured in lineal feet c 

a 
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rl 
t: 

It  
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?( 0 

11 

nl 
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!X 

0 
lc 
#h 
:a 

Of sur. 
ch type of drilling, cubic yards 
:e excavation in rock, gravel, e a ~ h  
her material, cubic feet of 

her work performed or improve, 
ade on the leased premises. wh 
st of labor is used as a measure 

ide the name or names of the work 

ab 
en performing the labor, date or d * 

a dg. 
1 which work was performed and 

de 
ription of the work performed. I 
rmining the cost of labor, actual 

watt tes shall be used unless they are io 
e atea 

cess of rates prevailing in th  
r similar work a t  the time the Work wQ 
)ne, in which case the prevailing 
[all be used for the purposes of tb 
Imputation. Labor performed or ih 

t 
ound excavation, indicated by t U%. 

irk performed, the statement must ie O! 

YPe,,, 

eneve? 
[ 

)rovements made on any one tract ““p 
)e applied to  not more than nine (9 
idditional contiguous tracts under th; 
lame lease in the order designated by 
essees. Labor performed or improv6 
nents made under one lease may not 
ipplied to satisfy work requirements 
inder any other lease issued under th 
iection. 

(h) Size of Eease. Ordinarily no l e e  
mntaining in excess of 100 tracts 
ssued. 

(i) Lands to be in a reasonably C O ~ &  

pact body. The area covered by a lw 
under this section should be in a Teasop 
ably compact body and will ordin@ 
consist of adjoining tracts or tram 
closely situated to  each other. No least 
under this section shall convey extm 
lateral rights. 

A lease issued UL- 
der this section ordinarily will be for t 
term of five (5) years and renewabler 
to any or all of the tracts for not nm 
than five (6 )  additional periods of t h  
(3) years each upon written applicatioc 
made by a lessee or lessees in good stand- 
ing within sixty (60) days prior to @ 

piration of the lease or any exteG@ 
thereof. 
section becomes open in whole or in Pa 
to location of mining claims under& 
United States mining laws during th 

(j) Term of lease. 

If a tract leased under 
t 
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the Commission may refrai l e s e  term, ~r~~ thereafter extending such lease a 
he land so opened to such entry. 

to Relinquishment. A lease or an; 
of the tracts under a lease may be re 
linqdshed by the lessee or lessees b: 
written notification sent to  the Commis 
Bios at its Grand Junction, Colorado 

Relinquishment shall take effec 
o@@. he date such notification is receive( 

he Commission as evidenced by thc on t 
by t acknowledgment of the Com 

The lessee or lessees withii 
fifteen (15) days of receipt of the Com 

acknowledgment of relin 
hment shall file the acknowledg 

q& merit in the office of the county recorde: 
for the county in which such leasec 
trsd are located. 

0) Cancellation. Should the lesset 
or lessees fail to comply with any of tht 

and conditions of the lease withir 
thirty (30) days after receipt of writter 
notice from the Commission specifyin€ 

failure and requesting compliance 
or should there be any falsification 01 
misrepresentation of a material fact, 
whether or not intentional, in the noticc 
of lease application or in the application 
for uranium mining lease, the Commis- 
sion shall have the right to terminatc 
such lease in whole or in part and thc 
Commission shall then be entitled and 
authorized to  take immediate possession 
of the affected land and dispossess all 
persons occupying the same under the  
authority of the lease. 

A lease 
issued under this section will ordinarily 
be effective as of the date it is signed by 
the Commission. 
(n) Assignment. Leases issued un- 

der this section may be assigned as to 
O r  any of the leased tracts subject 

to approval by the Commission. TO 
procure such approval, all instruments 
Of transfer of the lease must be filed at 
the Commission's Grand Junction, &lo- 

ofice and must contain all of the 
terms and conditions agreed upon by 
the Parties thereto. The application for 
'pproval of assignment must be accom- 

(I;) 

(m) Efectiue dale of lease. 

3 0 3 5 8 4 - 5 6 g  

panied by a statement of the assignee 
or assignees setting forth his or their 
qualifications to hold a lease and that 
he or they accept and agree to be bound 
by the terms and conditions of the lease, 
provided the assignment is approved by 
the Commission. No assignment of a 
lease will be approved which provides 
for royalties on uranium-bearing ore 
production from the leased premises 
which amount to  more than fifteen per- 
cent (15%) of gross ore receipts, or 
which when added to royalties already 
created amount to more than fifteen 
percent (15%) of gross ore receipts. In 
calculating gross .ore receipts for the 
purpose of this paragraph, development 
and haulage allowances payable pursu- 
ant to 0 60.5 (Commission's Domestic 
Uranium Program Circular 5, Revised) 
or any further revision thereof or equiv- 
alent allowances will be first excluded. 
With the approval of the Commission, 
less than all the tracts described in the 
lease may be assigned. In  such an event 
the Commission may require the execu- 
tion of a new lease by the assignor or 
assignee or both. The Commission will 
not grant approval if it determines that 
the terms and conditions of the pro- 
posed assignment do not embody terms 
and conditions equivalent to  those of 
;he original lease to the extent appli- 
:able. After the effective date of ap- 
Droval, the assignee or assignees will be 
Sesponsible for the performance of all 
;uch obligations. 
(0) Designation of representative. 

When leases are issued or assigned un- 
ier this section to a group of two or more 
iersons or legal entities, they shall des- 
gnate one person to  represent them for 
;he receipt of communications or no- 
ices or to make reports or statements 
In their behalf, together with the ad- 
iress of the representative. This desig- 
iation shall be binding on the lessees 
inti1 the Commission has received no- 
ice in writing from the lessees of a new 
lesignee and his address. 

(p) Inilial production bonus. The 
revisions of 0 60.6 (Domestic Uranium 
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COURSE OF INDUSTRIAL DEVELOPMENT OF ECONOMIC 
NUCLEAR POWER PROBABLE 

of Statement b y  AEC Before the Joint Committee on Atomic Energy at 
' CHPt 

0% Proposed Amendments to the Atomic Energy Act, June 2, 1954) 
the proposed legislation, certain essential factors must be clearly 

,empized, namely: 
1. That nucleiir power is not yet an economic reality in the competitive cost 

~ That the big job of driving costs down to levels competitive with conventional 
electric energy can best be accomplished by joint effort of both industry and 
Government as a working team. 

N ~ ~ ,  in order to gauge the size of the cooperative effort and the additional 
iefislative authority required to establish a new atomic power industry, we should 
look ahead-as judiciously as we can-over the next 10 to  20 years to visualize 

the probable course of development will be and what economic benefits 
seem likely t o  come with competitive nuclear power. No one, of course, can say 
+th any assurance now how long i t  will take and how much effort will actually 
be needed to  convert the present technical feasibility of nuclear power into future 
economic reality. Nor can anyone foresee now the shape of industrial develop- 
ment and the extent of benefits that may come from economic nuclear power. 

These are strictly speculative subjects, about which there are certainly wide 
ranges of opinion. Yet, they are worth considering because the major changes 
in the basic legislation presuppose the desirability of accomplishing economic 
nudear power soon, establishing a new source of electric energy, and doing this in 
b e  traditional framework of free, competitive enterprise. 

It is proposed to state a t  length the results of our preliminary thinking and 
speculation on the probable pattern of industrial development and economic 
benefits. The results of our speculation are, of course, transient and replete with 
broad guesses, plausible presumptions, and personal judgments. No one, there- 
fore, will take these comments as either predictions or considered judgments. 
They are neither. They are simply some working ideas presented to illustrate 
what may be in store, if nuclear power becomes economically worthwhile. 

In summary fashion these are the key factors of national interest over the next 
20 years or more in achieving and applying economic nuclear power: 

First, is the matter of time. We 
have not yet reached the phase of competitive, commercial application. This is 
some years ahead. As mentioned earlier, the 5-year reactor program submitted 
to the committee is aimed a t  making competitive nuclear power a reality. If 
fie goal is accomplished, our feeling is that only a small number of full-scale 
Privately owned and operated power reactors are likely to be on the line before 
1965-411 other words over 10 years from now. Faster introduction may be 
Possible, but without extraordinary measures of Government assistance, which 
xe are not recommending, this time scale seems reasonable on economic grounds. 

Second, is the Nation's future energy resource base. In the United States, the 
mounting demands for energy in all forms, the unpredictable long-term supply 

fuels now in use (particularly oil and natural gas), and the limited number of 

In 

. Sense, and 
Y. 

We are only now in the development stage. 
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Qiu;sio~ I I :  Gaseous Diflusion Project 

ine,ying Developments in the Gaseous Difusion Process, vol. 16, edited by E$- BenediCt and c. Williams, 1949, describes a number of mechanical, electri- 
d, and chemical engineering developments related to  the operation and ban- 
dling of materials used in the gaseous diffusion process-principally special plant 
instruments, vacuum endneering, development of heat-transfer equipment, 

and of uranium hexafluoride and fluorine, 129 pages, $2. 

Dipision 111.- Special Separations Project 

The T k o r g  of Isotope Separation, vol. lB, by Karl Cohen, 1951, presents the 
theow of cascades as generally applicable to the problems of isotope separa- 
tion. Different types of centrifuges and other methods of separation are also 
~ S C ~ s e d ,  165 pages, $2.60- 

soscopi~ Properties of Uranium Compounds, vol. 2,  edited by G. H. Dieke 
and A. B. F. Duncan, 1949, presents data compiled from a comprehensive study 
of the absorption and fluorescence spectra of uranium compounds and describes 
the experimental techniques used in the studies, 290 pages, $4.25. 

ph#&ai Properties and Analysis of Heavy Water, vol. 4A, by I. Kirschenbaum, 
1951, describes the physicaI properties of heavy water, chemical equilibria or 
exchange reactions and methods of isotopic analysis, 438 pages, $6. 

Bibliography of Research on Heavy Hydrogen Compounds, vol. 4C, compiled by 
A. €I, Kimball, edited by H. C. Urey, and I. Kirschenbaum, 1949, contains 
about 2,000 references to  published literature on research with heavy hydrogen. 
References are arranged by subject with an index of the hydrogen compounds 
and authors, 350 pages, $4.75. 

production of H e w  Water, vol. 4F, edited by G. M. Murphy, is being compiled 
from works of other authors. It will present laboratory pilot-plant studies for 
various separation processes investigated and engineering surveys of actual 
production plants with descriptions of their operations. 

Sped 

(In process.) 

f i ~ i o n  IV: Plutonium Project 

Optical Instrumentation, vol. 8 ,  edited by G. S. Monk and W. H. McCorkle, 1954, 
contains useful and practical techniques and methods of optical instrumen- 
tations in nuclear research. It is a summary of the optics work carried out as 
part of the plutonium project, 262 pages, $3.75. 

Radiochemical Studies: The Fission Products, vol. 9, edited by C. D. CoryeIl and 
N. Sugarman, 1951, presents 336 original research papers on the techniques and 
results of radiochemical studies of uranium and plutonium fission products, 
2,086 pages (in 3 parts), $27.75. 

The Actinide Elements, vol. 14A, edited by G. T. Seaborg and J. J. Katz, 1954, is a 
companion volume to  vol. 14B, Division IV, NNES, The Transuranium Ele- 
ments, published in 1949, and summarizes available information on the elements 
in the actinide series. Also included is an Index for the Transuranium Elements, 
870 pages, $11.75. 

The Transuranium Elements, Research Papers, vol. 14B, edited by G. T. Seaborg, 
J. J. Katz, and W. M. Manning, 1949, includes 163 research papers on neptu- 
nium, plutonium, americium, curium, and several of the heavy elements re- 
lated to them, and historical summaries of transuranium element research, 
1,733 pages (in 2 parts), $23.75. 

c 



APPENDIX 8 122 

loo0 

soo. 

PRC 

- 

remaining major hydroelectric sites make the mastering of a new source of enerQ 
an essential goal. (In many other countries, where fuel for generating electricit, 
is not available locally or is nearing depletion, the need for a new, econornira, 
energy source is even more pressing than in the United States.) 

The principal effect of realizing economic power from nuclear fuel will b e t 0  

power owing to rising fuel costs. Any savings which use of nuclear power In' %ht 

but the prime contributions of nuclear power would be to  help hold power cosls 
down, to provide a new source of energy to meet, and perhaps help stimulate, * 
rising demands in the last quarter of the century, and thus to assure that adequate I 
electric power is available a t  reasonable rates t o  sustain continued national gr OWh 
and well-being. 

Third ,  we must  consider what economically competitive nuclear power means in th e 
United States, compared with other forms of energy, and how large the market jot it 
m a y  be. 
nuclear power in the next 20 years, or as long as fossil fuels remain cheap a nd 
abundant in this country. Unless generating costs can, by successful development 
work and operating experience of industry and Government be brought down ta 
about 8 mills per kilowatt-hour, nuclear power would find little market on eeo. 
nomic grounds in the United States. Even a t  a level of about 8 mills, the market 
would be confined to regions with high power costs, but these relatively high 
regions might provide locations for the first competitive nuclear power Plank 
To become widely competitive with efficient new steam electric plants in the 
United States, nuclear power generating costs would have to be reduced t o  the 
range of 4 to '7 mills per kilowatt-hour. Achieving such cost levels is not certain 
at  this state in development, but the probability of success is good. 

Fourth, i s  the question of displacement and impact o n  existing plants, labor, ad 
capital investment. This is chiefly a matter of timing and the extent of cost redub 
tion within the competitive range. 

If cost reductions to the 4 to 7 mills per kilowatt-hour range are accomplished,saS 
by 1965-70, several million kilowatts of nuclear power plant capacity could 
placed in service by 1975. Projections of United States power demand by tb 
Paley Commission indicate that total demand for electricity in 1975 will be abom 
1,400 billion kilowatt-hours, an increase of some 900 billion kilowatt-hours froE 
present levels. (See Chart I.) In such a growth of generating capacity, frolt 
nearly 100 million kilowatts now to about 300 million kilowatts in 19'75, tenso;' 
millions of kilowatts of nuclear power capacity could be absorbed without dk 
placing any existing capacity. 

The actual share of the increasing demand for electricity in the United State 
which may be supplied by nuclear power by 1975 will be directly affected by manr 
factors, including the progress of the development effort, the level of costs achieved 
and acceptance by industry. We believe that nuclear power can supply a portio. 
of the growth of electric generating capacity. The Commission's staff has PW 
pared studies showing results of nuclear power development a t  a moderate ratt 
(2 percent of total electrical energy needed in 1975) and at a rather rapid rate 
percent of total electrical energy needed in 1975). Today, no one can predic 
whether nuclear power in 1976 will represent 10 percent, 2 percent, or some othc 
share of United States electrical output. But these illustrations indicate tb 
scale that  might be achieved if development is pushed successfully. 

The gradual integration of nuclear power into the Nation's electric genera& 
industry is not likely to be accompanied by significant dislocations. 
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GROWTH IN Urn Srn CONSUMPTION O f  ELECTRICITY 
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nudear power, consumption of coal for generaLig elzctr-,,;y is expected to triple 
by 1975, and demands on coal and on oil and natural gas in other industries and 
domestic uses will far outweigh any share of their market met by nuclear power. 

Heavy power-consuming industries (such as aluminum and other electro- 
process industries) may find nuclear energy t o  have major direct significance, 
provided generating costs can be brought down to the low 4 t o  6 mills level. 
The result then would be not to compete with present low-cost hydroelectric 
or gas-fueled power, but to  enable continued growth as additional low-cost gas 
or hydroelectric sources become no longer available. 

Fifth, nuclear fuel has certain technical characteristics that can yield strategically 
ad ceottomically unique benefits. The development of nuclear power can make 
rpecial contributions to  the national security and welfare. Existing differentials 
in energy cost between regions might be reduced, the availability and geographica1 
dispersions of supplemental sources of nuclear weapons materials might be assured 
in wartime, and dependence of electric power generation in vital areas on vul- 
nerable fuel transportation facilities would be reduced. 

Finally, we must consider the possibilities of nuclear power in foreign countries. 
many countries energy sources are scanty, more costly, or more nearly depleted 

than in the United States. The economic benefits of nuclear power in some 
f O @ i P n  countries thus may appear earlier and be more pervasive than initially in 
the United States. 
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Industrially underdeveloped countries, whose future economic growth is b 
hampered by inadequate or high cost fuels and electric energy, might beaegt e 
significantly if the technical and financial problems can be overcome. For the I 
industrially advanced nations, encountering difficulty in continuing to Secure ; 
adequate supplies of cheap fuel and electric energy in the face of diminished 

may prove to  be a key element in future industrial growth. 
The International Atomic Energy Agency proposed by President Eisenhower 

in his speech of December 8, 1953, before the United Nations General Assembly 
offers a route whereby both industrially developed and underdeveloped nati,,,,; I 

can find help to overcome the technical and other barriers t o  the utilization ~ 

economic nuclear power. Progress of the United States in its development Pro- 
gram, therefore, will be significant for other nations as well as the United States. = 

We would like to elaborate on some of these points, and others as well, which 

market for nuclear power to 1975, the economic effects on other fuels, on future 
electric energy supply, on employment opportunities, and the possible effect of 
peacetime atomic energy on our basic institutions. 

reserves and mounting costs for local or imported fuel, nuclear power developrn @Qt 

seem to warrant further comment, devoting special attention to the PossibI e 

Efed on Our Institutiomc 

At present, atomic energy is a Government-owned industry. This departw 
from the normal pattern of industrial enterprise in the country was not under. 
taken capriciously or with intent to alter our institutions. It was deemed 
necessary to  cope with the unique and unfamiliar characteristics of atomic enerQ 
and because its products then went almost entirely into our military arsenals, 
Continuance of complete Government dominance into the period of major pea% 
time applications, involving as it would a basic change in the fundamental roles 
of Government and of private individuals and firms, could produce a changein 
our society as significant in its way as any that might accrue from the teehnid 
novelty of nuclear power. 

I n  order that  the principal effect of realizing nuclear power may be to  confirm 
and strengthen rather than t o  change our economic institutions and our way of 
life, we believe that nuclear power as it becomes economically attractive, should 
be integrated into the existing power economy of the nation; that nuclear power 
should be produced and distributed by the private and public power systems and 
not by the Commission. 

The potentialities of atomic energy continue to be attended by problems of 
control which call for an unusual degree of Federal participation. Nevertheless, 
we are confident that the inescapable restrictions and safeguards which socieb 
must impose on the utilization of atomic energy can be made consistent with 
allowing freedom of initiative to  power producers; that the special problems of 
atomic energy can, without risk to security or safety and without unfair advantage 
to  any group be reconciled with the proper roles of industry and Government as 
conceived in this country. 

The legislation which has been proposed has as its objective, as we see it, not 
only drawing on the skill and resources of American industry, but also integrating 
atomic energy with the established institutions of the Nation. Its provisions call 
for recognition of private ownership qualified only by the reservations necessarY 
to protect the national security and the public health and safety and t o  assw 
that the advantageous position of individuals and firms already in the program is 
not a bar to widening future participation by others. 
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Obtaining full participation of the Nation's electric energy producers and e q u i p  
in the development and production of nuclear power is in 

sent ollr judgment the best way of securing the maximum return on the public invest- 
this phase of the atomic energy program. The accumulated scientific plent in 8nd technical knowledge, as well as the accumulated stockpile of fissionable mate- 

Putting this rids* mource to Work, through continued Government development where necessary, 
8nd through private industry, to  strengthen the economy-to create power for 
industrY and homes, open up jobs, create new sources of revenuewil l  most 

now in the hands of the Government, are a national resource. 

and surely achieve and spread its benefits. 

mtima& solution of the long and difficult problems standing in the way of econom- 
ical nuclear power cannot be safely disassociated from the assistance industry is 
prePared to give. The reactor program would be in serious danger, in our judg- 
ment, if accomplishment of competitive atomic power costs were dependent solely 
upon the efforts of scientists and technicians in Government-owned facilities. 

The of industry, sparked by the profit incentive, should be particu- 
eat at the present stage of development where the task is to cut costs by larly gr 

mile  the problems referred to will be difficult and costly to solve, their solution 
is foreseeable if they are attacked vigorously. Indeed, recent analysis of the 
pkntialities of several different reactor powerplant designs indicates that, when 
reactors no longer require abnormal development costs and when costs of manu- 
facturing nuclear plant equipment have been reduced, several reactor systems 
have a good chance of producing power a t  from 4 to 7 mills per kilowatt-hour in 
luge 300,000-kilowatt plants. Such costs would be well within the range of 
eristing generating costs. 

Achieving such costs may be a matter of 10 to  20 years, and assumes operating 
and manufacturing experience, as well as successful design and testing. The 
first central station size reactor plant, recently authorized, will generate power at 
several times the 4- to 7-mill range. 

The period until nuclear power becomes an economical competitor with tradi- 
tional fuels and is chosen for this purpose by management, will be of indeterminate 
length. When this period will end will depend largely upon the degree of effort 
which is expended in Government and industry. If the effort is great enough, the 
development period will be as short as technological progress and its assimilation 
by power producers and equipment manufactures will permit. If the effort lags, 
we may not see economic nuclear power until the last quarter of this century. 

But the achievements of 10 years in the atomic energy program to date make 
it possible to assume that after 10 years nuclear power will begin in the mid-1960's 
to be available from new nuclear plants a t  costs comparable to  those to  be encoun- 
tered with new conventional plants in the higher cost power areas of the Nation. 
This initial period of 10 years, we may also assume, will be sufficient not o d y  

for the accumulation of operating and cost data from the reactors in the current 
development program, but also for the financing, design, engineering, and con- 
struction of the first group of power-producing reactors. 

The reactors which will produce this power at 7 mills per kilowatt-hour or less 
we likely to be 100,000 kilowatts of electrical generating capacity or larger. 
Small reactors-below 50,000 kilowatts and down to the 10,000- to  5,000-kilowatt 
UWe-are technically feasible, but are less likely to  become sources of competitive 

engineering and managerial judgment. 
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central station power, since unit costs of generating power will be harder tobring 
down to competitive levels. Reactors of small size are most apt to come into Use 
as “package plants” for isolated or strategic sites. In response to  military intere S t ,  
the Commission is now investigating the possibility of obtaining a fixed price bid 
t o  construct a small nuclear powerplant as the prototype of a “package” power. 
plant. Costs of power from such small reactors in time may be reduced to  the 
level necessary for them t o  find a market outside of special strategic applications. 

I 
g 

‘P 

~ 

PRO: 

The Market for Nuclear Power 

Reduction in the cost of nuclear power is the key to its place in our economy in 
the next 2 or 3 decades. Present energy sources, though not unlimited, are 
capable of meeting our expanding needs for energy for many years barring the 
unpredictable demands of war. After the development period, nuclear power 
will have to earn its way under competitive conditions. 
which foresaw a doubling of all United States energy requirements in the 25 years 
from 1950 to  1975 (see Chart 11), and more than a trebling in consumption of 

electricity, concluded that  these rising demands could be met with little or no 
increase in real costs, provided all conventional energy resources are used 

The Paley Commissioh t -  ~ 

advantageously 
But beyond 1975, the picture is more uncertain; i t  may be that  approaching 

exhaustion of other energy sources will make atomic energy an indispensable 
alternate and make cost differences measured in 1 or 2 mills quite unimportant. 
Coal in the United States is abundant, but its cost and quality cannot be expected 
to remain a t  present levels in the face of indicated increases in demands of industry 
and utilities. Proved reserves of oil and gas are only 12 and 27 times present 
annual consumption, respectively, and in recent years the United States ha 
drawn on imports for part of its petroleum supply. 

Speculations about the future differ as to the exact timing and severity of the 
shortage of fuels; but there is no dispute that we are using them a t  a faster and 
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faster rate. United States annual consumption of the primary sources of energy- 

rossil fuels, 
and waterpower-quadrupled during the first half of the 20th 

The energy potentially 
entury in the world's recoverable reserves of uranium has been estimated as 

times the energy from world reserves of fossil fuels: petroleum, 
perhaps 23 

gas, and coal. 
Consumptionwof fuels in the United States, for all purposes, is expected to rise 

between now and 1975: coal, from 622 million tons in 1950 to 815 million 
shy$; oil, from 2.4 billion barrels to 5 billion; and natural gas from 6.3 trillion 
in 

fluid fuels, oil and natural gas, now furnish the major part of our total 
energY requirements, and by 1975 the proportion may be as high as 70 percent 
if supply permits. Demands on this scale, accompanied by gradually rising 

ight mean that oil from shales or synthetic fluids from coal would become 
Such demands may not lead to  early COmPe exhaustion of our energy resources, but they seem likely to affect in varying 

Coal reserves degrees 
are t o  meet projected consumption far beyond 1975, but rapidly rising 

of may require us to  turn in the last quarter of the century to  rates bigher cost and lower quality coal. 
ln the face of the mounting pressure on our present energy sources, mastering 
a new and potentially very large source cannot prudently be deferred. 
The rapidly expanding market for fuels for the generation of electricity and 

other purposes, and the time required for nuclear power development, should 
day fears that competing fuels, particularly coal, may be hurt by the entry of 
nuclear power into the market. The contribution that nuclear power can reason- 
ably be expected to make toward total requirements for electric power by 1975 

do no more than moderate the already rapidly rising demand for conven- 
tional fuels. 

Because fuel supplies to meet the future generation of electricity may have to 
be doubled or trebled, a t  the same time that demands on fuel for other purposes 
(heating, vehicles, manufacture, etc.) are also rising sharply, nuclear power is 
not a threat to the existing market for other fuels. Continually rising amounts 
of coal will be needed to  supply electric generating facilities already in operation 
when nuclear power first becomes competitive and to fuel the larger share of new 
plants for an indefinite time thereafter. 

Tithin the period until 1975, nuclear fuel can expect vigorom competition 
from other fuels for generation of electricity, and the market for nuclear power 
dl be limited chiefly by the comparative cost at which it is available. To see 
just how important reduction of costs will be for the competitive position of 
nuclear power, we have examined the costs of generating power from new con- 
ventional steam plants, and can compare these with the range of 4 to 7 mills which 
iS sought from nuclear plants. Clearly 4 to  7-mill nuclear power would be widely 
competitive: The Federal Power Commission computed for the joint committee 
that in 1952 the average production cost of steam-generated electric power in the 
Cnited States was 7.4 mills per kilowatt-hour for the major utility systems. 
Such an average includes a wide range of costs for individual plants, varying with 
h, age, and efficiency of the plants and the extent to  which they are used, the 
cat of fuel, and other factors. To see the competition nuclear plants must face, 

must look not a t  this general average, but at the maximum performance of 
a a e n t  new conventional steam plants, in comparison with which a nuclear plant 
'Odd be evaluted by any management considering the kind of plant to  build. 

and is expected to double again before 1975. 

cubic feet to 15 trillion. 

prices, m titive within the next 20 years. 

the cost of fuels-more so for gas and oil than for coal. 
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NOTES. 
1. To put plants on a uniform capability basis, unit generating costs are computed on 12% percent firld 

charges, 95 percent plant factor. 
2. Not reflected is the market now served by internal combustion units. While generating. costs from 

such units, representing about 2 percent of total United States production of electricity 111 1952, an 
generally above 8 mills ana ru~l as high as 20 mills or more, the plant si20 under 10,m kilowatts a d  
usually much smaller. 

6Owc~.-Prepared by AEC staff from data in Steam-Electric Plant Construction Cost and Annud f i b  
duction Expenses, Fifth Annual Supplement, 1952, Federal Power Commission. All new postwar s t a m  
plants (but not additions to old plants) were included in the computatlon. 

If these cost ranges are applied to the expected growth in demand for electricity, 
we can obtain a picture of the market into which nuclear power will enter betwen 
now and 1975. The amount of electricity t o  be required is the consumption fore- 
cast by the Paley Commission, or 1,400 billion kilowatt-hours in 1975, an increase 
to three and one-half times the 1950 consumption of 390 billion kilowatt-hours. 
The potential market for nuclear rower within this overall total is considered to 
be a share of the new demand to  be supplied by steam plants, plus a share of the 
steam-generating capacity to  be built to replace wornout equipment. (See Chart 
I11 and Table 11, p. 130.) Stability of generating costs is assumed, relying on 
continued increase in efficiency of conventional generating plants to offset rising 
costs of fuel. Examination of the potential market in this manner shows the 
importance of generating costs for the entry and rate of growth of nuclear power. 

According to Federal Power Commission regions, the 1952 generating costs per 
kilowatt-hour in large new postwar steam plants fall in the following ranges: 

Northeast- - _ _ _  _ - - _ _ _ _ _ _ _  _ _ _ _ _ _  _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  5%-8% mills 
East Central___ - - _ - _ - _ - _ _  _ _  _ _ - - - _ _ _ _  - _ _  - - _ _ _  - _ - - 4-7 mills 
Southeast - _ _  _ - - - _ - - - - _ - _ - _ - - _ - - _ - _ - - - _ - - _ _ _ - - - - - 3 $8 % mills 
North Central _ _ _ _ _ _  _ _ - - _ _  - _ _ _  _ _ _ _ _  _ - - - - _ _ _ _  - _ _ _ _ 6'7% mills 
South Central-- - _ _ - - - - - _ - - - - _ _ - - - _ _ _ _ _ _ _ _ - _ - _ _ _ - 2 y!k5% mills 
West Central- _ _ - _ - - _ _ _  - _ - _ - - - - - _ _ _  - _ - _ _ _  _ _  - - _ - _ 4%-6 mills 
Northwest _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ - _ _ - _ - - - - _  * _  4-6% mills 
Southwest- _ _  _ _ _ _  _ _  _ _ _ _  _ _  _ _ - _ _ _  _ _ _ _ _  _ _ _  - _ _ _ _  - - - _ 5%7 mills 

_ _  
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MARKET FOR STEAM ELECTRIC GENERATING CAPACITY 
1955 to 1975 
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CHART 111 

Nuclear power at 7 mills would at most be competitive for part of the market 
in the Northeast, Southeast, and North Central regions of the United States 
Xuclear power at 4 mills, on the other hand, would be competitive, everywhere 
except for a part of the Southeast and South Central regions fueled with low-cost 
coal and natural gas. Even in the natural gas areas, future new generating plants 
may not be able to buy quantities of natural gas at  the low prices that have in 
recent years made it possible to generate power at less than 4 mills. 

It is clear that nuclear power will be able to  compete more widely if rising fuel 
costs push up conventional generating costs; its potential market will be smaller if 
demand for new electric generating capacity rises less sharply and steadily than 
projected. 

Possible Rates of Growth of Nuclear Power in the United States Economy 

Within the range of possible costs for nuclear power, and the range oA expected 
Costs for generating power from conventional energy sources which have now been 
deskbed, there are possibilities for widely varying rates of introduction of com- 
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Milk per kw.-hr. 
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TABLE I1 

Estimated Energg From New Steam Generating Capacitg 
E 

r@ntol * (Generatfan from intcrnalcombustfon units, whlch compdse ahout 3 percent of capacity and 2 p~ total clectrtc output, ts isnored in thls projection, since generatlnp unlts are no larper than 10,000 kuoWanatk 
and are predominantly less than 5,000 kflowatts. Costs for utlllty plants from Table I are assur~~~ to ~ 

applicable also to industrial power Plank.) 
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petitive nuclear power into our energy economy, and widely varying rates ot 
growth of a new nuclear power industry. 

It is well to bear in mind also that the growth of the nuclear power industry, no 
matter how rapid, will happen case by case, as individual decisions to  build plants 
are reached on developmental or economic grounds. I n  such decisions, the needs 
of particular areas and the characteristics of existing generating systems will be 
decisive, and an array of technical and economic factors will be balanced in 
each case. 

The effects of competitive nuclear power will be closely related to its scale 
and rate of growth. 

If we assume that our domestic technical program will be pushed and will be 
successful, what may be the impact on electric energy output between now and 
1975? 

Our staff has made studies of two specific cases for purposes of illustration. 
Both assume that a development program, including construction of several large 
nuclear power plants by the mid-l960's,will lead to  the building of a growing 
number of nuclear plants generating power at competitive costs. The two 
illustrative cases differ with respect to  certain other assumptions. 

Case 1 assumes nuclear power costs at 7 mills per kilowatt-hour in 1963 falling 
to 4 mills by 1975. It further assumes that as power plants are built in dif. 
ferent parts of the country, giving power at different costs, one-half will be 
nuclear if the costs are the same. 

Case 2 assumes 7 mills per kilowatt-hour in 1965 falling to  5 mills in 1975. 
It further assumes that nuclear power plants will be built only if they have an 
advantage of 1 mill per kilowatt-hour over conventional plants. 

Under these assumptions, the first competitive plants under case 1 wodd be 
producing power in 1963, and in case 2 in 1966. 
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1, by 1975 the nuclear power component of the electric generating 
In c ~ e w o u l ~  have an installed capacity of 21 million kilowatts. On an 80 

DdUtfl factor, such a capacity might generate 147 billion kilowatt-hours 
percz:1,166 billion to be generated from all steam plants in 1975. The share of 
out Ower in the total projected electric generation of 1,400 billion kilowatt- 

P 
hours in 

year would thus be about 10 percent. 
with its less optimistic zssumptions, the nuclear power share is, 

About 5 million kilowatts of nuclear capacity would be in 
The share of 

ar power in total United States electrical output would be about 2 percent. 
Either 

a sizable nuclear capacity: in one case 140 reactors, and in the esse other c8se 33 reactors, of 150,000 kilowatts average capacity would be in opera- 
Moreover, nearly half the new plants might be nuclear fueled on the more tion. 

At such rates of 
new nuclear capacitr, the share of nuclear power in the generation of 

de&icitY would increase rapidly in subsequent years. To achieve such a place 
in electric generation in the United States, however, would, as these cases show, 

At 
higher costs a much smaller share of the electrical output would be nuclear, on 
cost alone. 

Economic considerations will not, of course, operate by themselves in the 
development of nuclear power. The compactness of nuclear fuel, and its weapons 
importance, lead to special benefits for the national security and welfare. These 
special advantages may well justify the construction of the first nuclear power 
reactors in the initial development period when the competitive position of nuclear 
power on strictly economic grounds is uncertain. Looked a t  from the point of 
view of national security, for example, nuclear power plants would have the 
advantage over other power plants of being able to produce additional weapons 
material on need; they would not require extensive and vulnerable rail or pipeline 
facilities for fuel transport; they would facilitate strategic dispersal and decentrali- 
ation of vital facilities. 

Another factor which could affect both the time-scale and the benefits of nuclear 
power is the nonpower uses of reactors. Nuclear power involves using the heat 
released in the course of nuclear fission for the production of steam and the genera- 
tion of electrical power. Reactor heat may have other uses, and the neutrons and 
radiation produced during nuclear fission may yield byproducts, of value in them- 
selves or as byproducts reducing the net cost of nuclear power. Reactor heat 
mayt for example, prove useful for heating buildings, or for industrial processes. 
Radiation either from reactor operation or from fission products may find com- 
~ ~ r c i a l  applications in industrial chemical processes or in the sterilization and 
Preserving of foods. Neutrons from fission are now used in production reactors 
to Produce Plutonium; fissionable material could also be produced in power 
reactors. If, due to international conditions, national defense requirements for 
weapons material Were to  Warrant a long-term Government market for byproduct 

material, the credit might make nuclear power commercially competitive 
earlier than otherwise assumed, and would facilitate the initial growth of 

the industry. 

In cae  2, 
smaller. 
in 1975, generating about 35 billion kilowatt-hours. 

No one can say whether these or some other ratios will prove correct. 

of come9 

nude 

assumption, and one-sixth on the less optimistic. 

reduction of COStB for nuclear power to  the low 4- to  5-mill level. 

b The Pailern of the Nuclear Power Indusfry 

The nuclear power facilities foreseen in these speculations would be an integral 
Part of the electric generating activities of the country, not a separate new in- 
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f dustry. The emergence and growth of nuclear power plants would occur in a 

would be expanding even more rapidly than the rest of the economy, in continuahce 
of the trends toward use of a larger part of our energy as electric power and toward 
use of more electric power for each worker. New nuclear plants would thus not 
have to overcome the obstacles in the way of a technological innovation wh' 1ch 
displaces existing facilities. 

It is to be expected that nuclear power plants would tend to  find their chie, 
markets in those regions of the country having relatively high power costs. mile 
regional differences in construction and operating costs for reactors of the same 
type would exist and would prevent the cost of power from nuclear fuel from beiag 
absolutely uniform throughout the country, the regional differences in cost frola 
nuclear plants should not be great, and should be far less than the present varia 
tions, mentioned earlier. 

Nuclear powerplants, because of their size and the importance of high Plant 
factors for low unit generating costs, are likely to  be built first near heavy Power 
consuming centers. Assimilation of nuclear plants with their large size (loo,oo,, 
to 300,000 kilowatts or more) will be facilitated by the trend in the electric 
generating industry in recent years toward larger generating units and stationa. 
Much development work will need to be done before small nuclear plants producing 
at competitive costs can be built to meet small loads, and if fixed charges cornti* 
tute a relatively large part of generating costs for such plants, their economics 
will be unfavorable as compared with conventional plants wherever plant facton 
are low. 

Nuclear power may provide utility systems with somewhat more flexibility in 
some respects in selecting sites for new generating stations, if we assume that 
safety considerations and exclusion areas are not more restrictive than for con. 
ventional plants, Because nuclear plants do not require shipment of bulky fuel, 
they can be located at  sites for which solid fuel transportation would be a restrict. 
ing influence. Aside from the coal transportation factor, however, nuclear power 
plants will be subject t o  most of the predominant plant site factors that determi& 
the location of conventional plants, such as adequate quantities of cooling water, 
local ordinances for health and safety, cost of land, and proximity to load. TL 
probable future pattern of plant location in most metropolitan and industria 
centers may, therefore, not be greatly modified by the introduction of nuclear 
power. Competitive nuclear powerplants, installed to meet the large power 
demands characteristic of metropolitan and industrial centers, would be located, 
as is true of most new conventional generating capacity, near but not in sucb 
centers. 

Electric energy from nuclear reactors will probably be distributed over the 
same facilities as other power. The use of nuclear fuel rather than conventiond 
fuel will cause differences for the utilities and supporting industries rather than 
the consumer. The principal new elements for the electric generating i n d m  
will include: 

a. Byproducts. Reactors for generating power will also produce fissionable 
material. This material will have a value either as a fuel or as a weapom 
material which may contribute significantly t o  reducing the net cost of powel+ 

Other byproducts with commercial value might be heat for industrid 01 
residential uses, radiation, and fission or other products. Development 0: 

important uses of byproduct heat and radiation would affect location of POWa-' 
reactors and the appearance of associated industries. 

period of general industrial expansion, in which generation of electric Power 
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wferiak. Adequate supplies of uranium and thorium are essential to 
b. Raw O d h  of nuclear power. It appears that the supply of such raw materials thegrd be ample to establish and maintain a nuclear power industry of the 

itu& described in this report, unless military requirements go far beyond 
ms6n those now foreseen. Emergence of a growing nuclear power industry is a 
mbstter of direct interest to the uranium mining industry of the nation, as a 

P 
Special materials will be required for construction of 

reactors; among these are zirconium, graphite, and heavy water. Until the 
d types of reactors are determined in the course of development, how- 

it is not possible to specify which of these materials will feel the heaviest ever, 

service industries will probably be established to perform in common certain 
gghly technical functions, Such as fabrication of fuel elements, disposition of 
ndioactive wastes, and chemical separation and recovery of fissionable mate- 
rials and fission products from Power reactors. Initially, existing Government 
facilities may perform these services, charging fees which will not discourage 
the development Of private facilities independent of the Commission. 

shod 

oteent.al market for its product. 

ortifig industries. 
& S U P P  

preferre 

on its growth capabilities. 

~d 0% Economic Growth and Pourer Consuming Industries 

In turning t o  the effects of the emergence of a nuclear power industry, we are 
the impact within the established electric power industry of a new 

fd which, beginning in about 10 years and growing steadily in importance, may 
be supplfing on the order of 2 percent to  10 percent of the electricity generated 
in 1975. If power from other fuels rises more rapidly in cost than has been 
weted,  the entry of nuclear fuel would, of course, be encouraged. It may also 
ad a strong restraining force on the trend toward rising power costs due to  fuel 
charges. 

The value of a restraining force exerted against rising power costs is difficult 
t,-, measure, since we cmnot be sure how far costs might rise without a new fuel. 
The size of the stake can be indicated, however, by considering the fact that 1,400 
billion kilowatt-hours may be required in 1975, so that if nuclear power were 
capable by that time of reducing the average cost of electricity by only one-quarter 
d a mill (or of forestalling an increase of this amount) the saving would be $350 
million annually. Even more difficult to measure is the loss of industrial output 
ind other goods that would result from regional shortages of power. It is in 
countering such events as rising costs and stringency in power supplies that 
nuclear power can be expected to be most useful, rather than in any sharp reduction 
of present electric bills. 

For the great majority of electric-power consumers, nuclear power promises t o  
pnt a brake upon power costs which might otherwise rise due to  rising fuel 
a, and to  give added assurance of the availability throughout the nation of 
adequate power supply at reasonable cost. In  some areas where the level of fuel 

is so high as to require high retail rates with accompanying low consumption, 
nuclear power can, by cutting fuel costs, stimulate the growth of new power 
Qafllmption and thus lead to reduced unit transmission and distribution costs 
as well. 

Only for industries in which power is a large element of cost, mainly the electro- 
PF0w%, chemical and primary light metal producing industries, does it seem 
possible that nuclear power could have (given success in reducing costs) a substan- 
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tial impact on industrial location of future new plants, by releasing these industries 
from orientation to existing areas with low-power costs. chea* F 
hydroelectric power becomes no longer available for continued expansion of th e 
aluminum industry or other electroprocess industries, cheap nuclear Power 9 
help sustain further growth Without sharp increases in the total cost of productioh 

In addition, 

in these industries. 
For industry generally the effect of nuclear power seems likely to be to red 

Ute further the declining importance of power cost as a factor in plant location ~ 

geographical variations in cost of electric energy are reduced by nuclear Wer, 
Power costs and their effect upon net income will, of course, be carefully evaluated 
by management, but other important factors influencing industrial location wa 
also weigh heavily. 
considerations is indicated by the small part which power costs, essential though 
power is, represent in the overall costs of business. For example, in 1951 the 
cost of purchased electric energy by all manufacturing industries totaled $1 4. 4 
million for 146.5 billion kilowatt-hours, and was equivalent to only 1.4 Permn, 

* 
- 

: 

That these other factors Will often outweigh power 

--4b 

of the total value added by manufacture, $102,085 million. 
As we consider the technical development which must still be carried t o  sucOees 

and the expanding need for power in the United States, we see no basis for fear o; 
revolutionary impact on the nation's economy. We have &en attention 
particular to the concern expressed in 1946 by the Senate Special Committee 
Atomic Energy, in explaining the inclusion of Section 7 (b> in the draft Atamit 
Energy Act: the fear that ". . . the sudden introduction of certain devices utilizing the power 

released by nuclear fission might precipitate profound economic disorgania. 
tion. Great industrial installations representing nationwide investmenb 
employing many thousands of workers might be rendered obsoleh: 
(Senate Report No. 1211, 79th Cong., p. 20.) 

Stringencies in the United States economy are, in fact, likely to come from too 
little low-cost power, rather than from introduction of a new fuel. The generation 
of electric energy has to more than triple to  support a doubling of gross national 
output by 1975 according to the Paley Commission's estimates. 

Employment Opportunities 

The availability and steady expansion of low-cost power is crucial to maintainint 
high employment levels, for industrial production cannot increase without power. 
Just as maintenance of our standard of living is dependent upon industrialex. 
pansion supported by great increases in power facilities, so increasing employmen: 
and labor productivity over the next several decades will be dependent uponr 
continually rising level of industrial activity. Rapid development of nuclee 
power provides one more assurance that new investment in power capacity 6 
contribute to the creation of jobs and t o  higher output and earnings per workc. 
Nuclear power will add to, rather than detract from, job opportunities. 

Unconventiod 
materials, equipment, and operating techniqves will require new skills, but the* 
new demands on labor should be readily met during the gradual course of devdoP 
ment. The 10-year experience in building and operating major atomic enem 
facilities illustrates labor's ability t o  direct existing skills quickly to this 
technology with no adverse effects. In view of future rapidly rising demandsf@ 
power and for conventional fuels, labor dislocations are unlikely from nutlet' 
power. 

5.4 
2 - I  

Adverse effects, if any, on existing labor skills will be small. 

c 
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our continuously increasing population and labor force, the United States 

must an ever-increasing level of production, employment and income. 

The 
of production of goods and services, and the supply of power to feed 

production, must be kept rising more rapidly than the rate of increase in our 
ly if we are to avoid unemployment. Nuclear power can contribute in 

eagure to this end, by helping to assure that low-cost power is available to @me m 
#uPP 

l&or SUPP 

continued industrial expansion, 

is eyident from the preceding discussion that, even on the challenging assump- 
~e have made as to the growth of nuclear power, we must look beyond 1976 

. ,,.,On, while as long 85 is prudent on the basis of available data and the un- 

pThe benefits of nuclear power Ultimately to  be expected will be measured in 
other ways in addition to  the possible dollar savings in cost of industrial production 
ot in fuel costs of electric utilities. While the more remote and indirect benefits 
Eapnot be assessed now, we are confident that  if nuclear power reaches the low- 
& range of four to five mills, it will lead ultimately to  a variety of economic and 
sttendant social benefits, some of which may be striking individually and all of 
,,hi& be significant taken together. These benefits might include the 
following examples: 
1. Nuclear power may help make it possible to undertake large new industrial 

activities at sites that would otherwise be uneconomic in the face of punishing 
tramportation charges or the absence of transport facilities for conventional 
fuels. 

2, It may provide an economic solution to the problem of providing additional 
cheap electric energy in locations where the demand is expected to outrun the 
availability of hydroelectric power and fossil fuels are lacking. 

5. It may permit and perhaps encourage the development of strategically de- 
centralized areas of industrial production requiring low-cost electric energy. 

4. It may provide blocks of electric energy for Government and military installa- 
tions where the cost of power is important, but not controlling in site selection. 

5. It may help electric utility systems in metropolitan areas to  adjust to  such 
limiting factors as rail transportation and smoke nuisance arising from a major 
increase in electric energy generation frcm coal. 

6. It may contribute in some measure to the introduction of new production 
techniques in electroprocess industries. 

7s It may become technically feasible and economic for commercial propulsion 
pwposes, such as for powering merchant ships. 

2. It will take on increasing importance as a strong force both in holding down 
energy costs as exhaustible resources are used up and in assuring the availability 
of fuel for continued economic growth. 

9. It may stimulate consumption of electricity beyond present projections and 
accelerate the trend toward using a larger portion of our energy in the form of 
electricity. 

”* A *ound basis Will be established for assisting other nations in applying 
nuclear Power for economic development. 

t i O E  for full contribution nuclear power may make to the economy. A 20-year 

of technical development, is a short period for an  industry like the Prole. 
~ e r  industry where plant life may be 40 or more years. 
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Power in Other Nations 

Thus far our comments have been directed almost exclusively to the effects Of 
competitive nuclear power in this country. For many other nations, the need 

cost and difficulty of the development work which must be done to realize economic E 
nuclear power are barriers to the hopes of other countries for early benefit from 

E 

nuclear power, though the proposals made by the President in his Speech 
December 8, 1953, before the United Nations General Assembly offer a Possible 
way of helping overcome these barriers. 

nations, and some of the problems of financing and of general economic develop 
ment which industrially underdeveloped nations in particular will have to solue 
to take advantage of nuclear power when it becomes available. 

for a supplementary fuel is more immediate than for the United States. %g- 

We can mention only briefly here what nuclear pcwer might mean to Other ' 

- 
Electric power is essential to  modern industry and living in all nations 

have undertaken industrialization. Expansion of generating capacity to meet 
mounting demands is proceeding at a more rapid rate in the rest of the world 
than in the United States. Between 1948 and 1951, electric generation rose by 
29 percent in the United States, by 36 percent in Europe, and by 33 percentb 
the world as a whole. 

Continuation of such a rate of increase in generation of electricity, together 
with rising demands for fuel for transportation and industry, is putting growing 
pressure on the energy resources of many nations. Reserves of coal, oil and 
natural gas are unevenly distributed throughout the world. Among consuming 
nations able to  meet less than half of their consumption of coal and oil from 
indigenous sources are: Italy, Portugal, Greece, Norway, Sweden, Denmark 
Finland, Argentina, Algeria and French Morocco, Ceylon, and Pakistan. A few 
of these fuel-deficit countries, such as Norway and Sweden, are utilizing water. 
power to  meet part of their present electric energy needs. However, as demands 
continue to  grow and the best hydroelectric sites are fully developed, these 
countries, too, will need to begin importing increasing tonnages of fuels. 

In other areas, coal and oil are as yet being produced in sufficient tonnageh 
meet the bulk of local requirements and also to satisfy the export market. Never- 
theless, since exploitation of lower cost, better quality, and more accessible deposits 
have already in some cases proceeded to an advanced stage, many coal producinr 
countries are themselves facing problems of rising production cost. Examples 
are such coal producers as Belgium and the United Kingdom. 

In addition to  the growing needs for a supplementary fuel, cost considerations 
thus underlie the interest of many countries in nuclear power. While precise cosi 
data are difficult to obtain, imported or low-quality fuels are usually high power. 
cost fuels, and power is thus more costly in many nations than in the United States 
Even in the United Kingdom, for example, to mention a nation with an efficient 
and large scale generating system, the newest and most efficient plants can generak 
electric power at 6.6 mills per kilowatt-hour in areas with low-cost coal. In the 
highest delivered coal cost areas, the newest and most efficient plants are DO$ 
producing power at approximately 7 mills per kilowatt-hour. These best costs. 
which have the advantage of a low tax burden, are significantly above the 10W-eOs: 
modern gas- or coal-fired plants in the United States, many of which genemQ 
power for from 3 to  5 mills per kilowatt-hour even with a higher tax burden. 

In  less highly industrialized countries, high present costs of generation may O W  
be traced to small or inefficient plants or to  low, irregular loads which resultk 
high unit costs. In  such cases, of course, nuclear plants would not operate at fuf ' 
economy, and indeed might not prove feasible. 
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