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The intent of this report is to record the visit of Chairman Petrosyants and
tiier Soviet sclertists to U.S. atomic energy facilities in the late fall of
ince the report includes & number of personal observations vegarding the
delegation, it bears the clagsification "Confidential.'
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BACKGROUND

The Agreement between the USA and USSR for Exchanges in the Scientific, Tech-
nical, Educational, Cultural and Other Fields in 1962-1963 provided that the U. 5.
Atomic Energy Comumission and the USSR State Committee for the Utilization of Atomic
Energy arrange for the implementation of a program of exchanges in the peaceful
uses of atomic energy. Om May 21, 1963, in Moscow, Chairman Seaborg and Chairman
A. M. Petrosyants signed a Memorandum on Cooperation in the Field of Utilization of
Atomic Energy for Peaceful Purposes. The Memorandum sets forth & progran of re-
ciprocal exchanges and procedures for carrying out such exchanges in the course of
1963-1965,

In conjunction with the signing of the Memorandum and at the invitation of Mr.
Fetrosyants, Chairmman Seaborg, accompanied by nine ABC officiale and scientists and
the Second Secretary of the U. 5. Bubsssy in Moscow, visited 1 sites, including 10
large scientific installations. Most of the sites were in the Moscow and Leningrad
areas. but the U. S, delegation did travel to Kharkov, Ulyanovek, New Melekess, a |
Voronezh. The U. S. delegation spent eleven days in the Soviet Union and all mem -
bers agreed that the trip vas quite rewarding and worthwhile.

luring the visit to the Soviet Union, Chairman Seaborg invited Mr. Petrosyants
and his colleagues to visit the United States at a time convenient to Mr. Petrosyants.
Soviet officiale in Moscov indicated that plans for a return visit could only be
made after receipt of a formal invitation snd on June b, 1963, Chairman Seaborg for-
mally invited Mr. Petrosyants and suggested October or November as an appropriate
time to vieit installations in the United States.

Mr. Petrosyants responded late in June, acrepted the invitation, but did not
make knowr the composition of the delegation, tae precise dates of his vieit, nor
the installations he wished to see.

In August the AEC drafted a schedule of visits for the period from November 17
through December 2, 1963, similar to the itinerary vhich vas finally adopted. Thie
schedule vas forwarded to the Soviets for comment, but it was not until October 29
that the Soviets applied for visas for a delegation of eleven persons. One Soviet
for vhom a visa vas made available, G. N. Flerov, did not sccompany the group. Mem-
bers of the Soviet delegation indicated that Flerov's absence vas due to 11l health.

On November 1k word was received that the Soviet delegation would arrive on
November 16. The itinerary proposed by the AEC was agresable to the Soviets except
that Mr. Petrosyants preferred that the visit to Oak Ridge National Laboratory be
edvanced to the early part of the tour and that visits to the Dresden Atomic Power
Station and the Enrico Fermi Pover Station be made on separate days. These changes
vere readily made. It was also requested that part of the delegation remain a sec-
ond day at Oak Ridge and that the delegation visit the Santa Susana Laboratory.

This request was not granted eince remaining et Oak Ridge conflicted with the Brook-

haven vieit and no vork comparable to that at Santa Susana vas shown to the Seaborg
delegation.
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At this point it 1s important to recall that, during the period immedia.ely
preceding the arrival of the Soviet

delegation, the arrest and detajnment in the
s ‘zaon of Professor Barghsorn of Yale University, was highlighting the news

& result, throughout the United S5t

ates, an atmosphere prevailed . hich could
as1ly have been detrimental *o the usefulness of the visit For

this reason, right
ntil the time the Soviets vere to arrive . wvas a matter of conjecture as
ey would, in fact, come However > essor Barghoorn was released on

i riet visitors arrived New York the same dav without ini-
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and the v

begar in Oak e Or November 10 and mtinued at various
until the Sov group departed from New York on December All

are unclas ed and devoted to the peaceful uses of atomic ene

| ] i i

led thermonuclear research and civilian powe

During the early stages of the visit a somewhat strained atmosphere prevailed;
a8 the tour progressed, the strained feeling gave way to an atmosphere of
and tour proceeded in & smooth and orderly fashion.
visited, the Soviets were given descriptive material in the
klets, printed instructiona, publications etc In retumn
nosts with souvenir medallions, picture albums, sci-

wing the death of President Kennedy, the evente originally scheduled for
Francie area vere cancelled. No other major changee were made in the orig-
inerary At the time of the President's death the Soviets reacted with quiet
and sesmed to be genulnely sincere in their expressions of sympathy. During
ti ronfused period immediately following the President's death,
i

b as well as
the waiting period In Yosemite National Park, the Soviet vis

tors displayed an

!

wperative attitude
viet delegaticn was compr
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ITINERARY OF ¢ WWIET VISIT

WUROAY, November 1f

wviet delegation arrived et International Alrport, N. ¥

and was met by Chaiman Seaborg, Commissioner Palfrey, and

her AEC representatives, as well as representatives from
Soviet Embassy, Washington, D. ©

I

Arrived at Waldorf-Astoria Hotel, New York

Reception for Soviet delegation at Walforf-Aste ria Hote
Chairman Seaborg, Ho

at
e\

Midnight Overnight - Waldorf-Astoria Hotel

UNDAY, November 17

Breakfast - Waldorf-Astoria Hotel
Discussion of itinerary

Departed for Battery section of New York to board U

|

Coast Cuard craft for sightseeing tour of New

o

York area

teturned to Waldorf-Astoria Hotel

Departed for Luluardia Airport to board chartered MATY
alrcraft

Departed for Knoxville, Tennessee (dinner served enroute)

Arrived Knoxville Airport (mechanical difficulty enroute
necessitated stop at Andrews Air Force Base,
) resulting in two-hour delay)

Washington,

Oak Ridge via chartered bus

- Holiday Inn, Oak Ridge, Tennessee

MON DAY , November 15

Buffet breakfast - Holiday Inn




Briefing on Ouk Ridge National lLaborat ry Programe
Alvin Weinberg, Director, "RNI

L
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of Oak Ridge National laboratory
Brief press interview with Chairman Petrosyants
Luncheon at Holiday Inn
Further briefing by A. M. Weinberg
Continued tour of ORNI
Departed Oak Ridge for Knoxville Alrport

Departed Knoxville for Nev York via MATS

fc . via aircraft (dinner
served enroute

Arrived laCuardia Airport, New York

Attended theater - New Yo

Breakfast - Waldorf-Astoria Hotel

Departed for Brookhaven National laboratc

*hartered

Arrived for tour of ENL facilities

Brief press interview with Chairman Petrosyants

Lunch - BNL Social Center

ontinued tour of Prookhaven facilities
Social hour and dinner - BNL Social Center
Departed for foyk ( / via chartered bus

Arrived for Waldorf-Astoria Hotel

wWEDNE: J«_\_‘ Noverber

Breckfast - Waldorf-Astoria Hotel

Departed by bue w InAlan Po

ired Indian Pein. Reactor

Lunched a* Tappan Hill restaurant Tarrytown




1:45
2:48

GROUP 2
8:30 a.m.

10:00

11:30

1:00 p.m.
2:00
3:15

SJROUP 1 and 2
3:k5

h:1%

5:30
8:00

11:00

Departed for New York City

Arrived Weldorf-Astoria Hotel

Departed for Princeton University via private automobiles
Arrived for briefing and tour of James Forrestal Research
Center

Academician lev Artsimovich delivered lecture on Soviet
Controlled Thermonuclear Reaction Program before Prince<on
University audience (See appendix P for text)

luncheon at Guest House - Princeton University

veparted for New York City

Arrived Waldorf-Astoria ljotel

Attended joint session of Atomic Industrisl Porum/American
Nuclear Society Meeting - Americana Hotel, N. Y.

Chairman Petrosyants addressed joint meeting of AIF/ANS
(See appendix A for text)

Toured Atom Fair Exhibit - Americana Hotel
Attended banquet sponsored bv AIF/ANS - Americana Hotel
Overnight - Waldorf-Astoria Hotel

THURSDAY, November 21

-6‘

6:30 a.m.

TS
7:25 a.m. (BT)

3:35 p.m. (PST)
L 00

k:30
6:30

Q:45

10:45

Departed Waldorf-Astoria Hotel for laCuardia Adrport via
chartered bus

Arrived laGuardia Airport to board MATS Alrcraft

Departed Now York City for non-stop flight to Cakland,
California (breakfast and lunch served on aircraft)

Arrived O kland International Airport

Departed by chartered bus for Lavrence Radiation Laboratory,
Berkeley

Brief tour of LRL, Berkeley facilitics

Social hour and dinner - University House on University of
Californis campus

Departed by chartered bus for Fairmont Hotel, San Francisco

Overnight - Fairmont Hotel
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ntinued tour of NRTE facllities
eparted NRT for Tdaho Falls Alrport (Fanning
Arrived Idaho Fall

Departed Tdaho Fall
iinner served enr

Arrive Lin ' A rce in, Net
Arrived ' ) lin L1 Nebraska

Briet ¢ Cornhusker Hot ! 1 b S UINe I
Pover

wernignt

!
hartered bus { Hal.am Reactor
ademicians Arteiiovich and Bogolyubov left the
} this point and departed for Argonne National
Lab ry via ynpercial airliine from Lincoln t hicag

Arrived for briefing and tou f Hallam Reactor Facility

Departed v1lam for Lincoln, Nebrasks

Prese intervievw of Chairman Petrosyante at

eparted f« An . force Rase

Depar.ed 1A in via MATS aircraft for Dee Moines

Arrived Municipal Alrport, Des Moines

Departed by chartered bus for Ames laboratory, Ames wa
Arrived for briefing and tour of Ames laboratory facilities
Departed Ames laboratory for Des Moines Municipal Alrport

Departed Des Moines for Chicagc Illinois via MATS aircraft
dinner served enroute

Arrived Chicag Midway Alrport
Arrived Argonne Cuest House

Brief reception Argonne Gueet H




11:00

Overnight « Argonne Guest House

WEINEC DAY, November 27
7:30 am. Breakfast - Argonne Guest House
8:30 ftarted tour of ANL facilities
12:30 p.m. Luncheon - Argonne Ouest House
1:30 Continued tour of ANL facilities
biky Short rest periocd
9130 Reception - Argonne Guest House
6:00 Departed for tour of Chicage via chartered bus
8:00 Dinner at the Stockyards Inn, Chicago
10:00 Returmed to Argonne Guest House
THURSTAY, November 25
7:00 a.m. Departed for Dresden Nuclear Power Station (breakfast
enroute - Manor Motel on Route 66)
9:30 Arrived for briefing and tour of Dresden Nuclear Powver
Station
12:30 pum. Departed Dresdes facility for Midvay Airport
2:40 Departed Chicago Midway Airport for Detroit, Michigan
(Willov Run Atrport)
b:ko Arrived Detroit (Willow Run Airport)
§:00 Departed via chartered bus for Dearbora Inn, Detroit
6:30 Reception and Thankegiving dinner - Dearborn Inn
10:00 Cvernignt - Dearbormn Inn
TRIDAY, Noveater 29
8:00 a.m. Breakfast - Dearborn Inn
9:00 Departed for Enrico Fermi Atomic Power Plant
10:00 Arrived for briefing and tour of Enrico Ferwi Atomic Pover
Plant
12:30 p.m. lancheon - Bnrico Fermi Plant cafeteria



2:00 p.m. Departed Bnrico Fermi Plant for tour of Ford Museum,
Dearborn, Michigan

L:00 Departed Ford Museum for Willov Run Airport, Detroit

%105 Departed from Willov Run Airport for Washington, D. C.
(dinner served enroute)

1k Arrived Andrevs Alr Force Base, Washington, D. C.

T14$ Arrived Statler Hotel, Washington, D. C.

9100 late dinner - la Fonda Restaurant, Washington, D. C.

11:30 Overnight - Statler Hotel, Washington, D. C.

SATURDAY, November 30

T:45 a.m. Breakfast - Statler Hotel

10100 Departed Statler Hotel via chartered bus for USAEC
Headquarters, Cermantown, Md.

11:00 Arrived Germantown for meeting with Commiseion and staff,
a. Reviev of Petrosyants visit
b. Implementation of Exchange Program
¢. PBriefing by Frank Pittman, Director, Division of Reactor
Develogment, on U. 8. Civilian Pover Development Progranm.

11:48% Meeting with Press Representatives
12:45 p.m. Luncheon - Executive Dining Room, Cermantown, Md.
2100 Departed by chartered bus for Arlington Cemetery to

lay wreath at grave of President Kennedy at the request
of Chairman Petrosyants

5100 Returned to Statler Hotel

5148 Departed for reception and dinner at Chairman Seaborg's
residence

9100 Returned for overnight stay - Statler fotel

SUNDAY, December 1

9130 a.m. Breakfast - Statler Hotel

10:30 Departed via chartered bus for sightseeing tour of
Washington, D. C.

1:30 p.m. Luncheon - Watergate Inn, Washington, D. C.

2:30 Continued sightseeing tour

«10e



h:}O pm.
7:00

89:00

11:00

MONDAY, December 2

7:00 a.m,

8:00

9100
10:15%
11:00

12:00 p.m.

8:00
10: 30

Midnight

TUESDAY, December 3

8:&\) a.m.

9:00

1:00 p.m.

b:30
7:00

Returned to Statler Hotel for short rest period
Buffet dinner - Statler Hotel

Attended movie "Hov the West Was Won" at the Uptown
Theater, Washington, D. C.

Returned for overnight stay, Statler Hotel

Breakfast, Statler Hotel

Departed Statler Hotel for Andrewe Air Force Base to
board MATS plane

Departed Andrews Air Force Base for Nev York City
Arrived laGuardia Field, Nev York
Arrived Waldorf-Astoria Hotel

Afternoon devoted to shopping at various New York stores,
Soviet delegation split into small escorted groups

Dinner « Mamma lLeonies Restaurant
Unscheduled walking tour of Times Square etc,
Overnight - Waldorf-Astoria Hotel

Breakfast - Waldorf-Astoria Hotel

Visit to Columbia University cancelled - Soviet delega-~
tion continued shopping in New York City

Luncheon - Delegates lLounge, United Nations Building
(Chairman Petrosyants, Deputy Chalrman Sinev and Oleg
Kazachkovekiy, accompanied by A. A. Wells and W. Krimer,
attended United Nations luncheon. Balance of Soviet
delegation continued shopping)

Departed Waldorf-Astoria Hotel for Idlewild Airport

Soviet Delegation departed United States for Paris,
France via Air France Flight #700

011.



INFORMATION ON SITES VISITED
SATURDAY . November 16

The visiting party vas greeted at Idlevild Alrport at 9:00 p.m. by Cheir-
man Ceaborg, Commissioner Palfrey and other AEC reprecentatives. The visitors'
flight vas delayed four hours in Stockholm due to mechanical difficulty.

After arrival at the Waldorf-Astoria lotel, a light buffet supper was served.
followang vwhich Chairman Seaborg and Dr. Fritech, sccompanied by the interpreters,
Ltook the Soviet party for a valking tour of the Broadway district.

SUNDAY, November 17

Folloving breakfast, the group met with Chairman Beaborg to discuss the
itinerary. Chairman Seaborg explained that the AEC was able to grant the Soviet
request for a visit to Osk Ridge National laboratory on November 18, and that
full-day vieits to the Dresden and Fermi Reactor facilities also would be pro-
vided. Chalrman Petrosyants indicated that the itinerary vas satisfactory. com-
mented on the see-sawing of the international ecene, and then introduced the
members of his party. Thereupon Chairman Petrosyants presented Chairman Seaborg
vith a miniature rep'ica of the Serpukhov Accelerator, currently under construc-
tion in the Moscov outskirts, and with core samples from the First Atomic Powver
Station at Obninek. The members of the hosting party vere also presented with
meda:lions of I. V. Kurchatov, after wham the Atomic Energy Institute is named.

The party then left for the Battery section of New York City, stopping en
route to visit the top of the Bupire State Building. At the Battery a Coast
Guard tug vas boarded for a tour up the Hudson River.

During the return to the Waldorf-Astoria Hotel, at the request of Chairman
Petrosyants, s brief stop was made at the United Nations to permit the Soviets

to photograph the buildings. The group then departed for laGuardia Field for a
late afternoon flight to Oak Ridge.

The MATS aircraft, "The Columbine," developed engine trouble shortly after
take~off which necessitated landing at Andrews Air Force Base, Washington, D. C.
The Special Alr Missions of the Air Force provided a back-up plane, and the party
proceeded on to Knoxville, Tennessee, arriving at 10:00 p.m. On arrival, the
Eroup was met by Mr. §. R. Sapirie, Manager of the Oak Ridge Operations Office,
Mr. H. Roth, Director of Research and Development, and other loca. AEC officials.

A soclal hour, planned by Unjon Carbide for the group vas cancelled beceuse

of the delayed arrival. The party retired to their rooms on arrival at the
Holiday Inn.

«12«



OAK RIDGE NATIONAL LABORATORY
MONDAY, November 18

Breakfast for the group was hosted by A. M. WeinlLerg, Director of ORNL and
Mr. C. E. larson, Vice President of Union Carbide. Mr. Weinberg presented a
briefing of the programs at the laboratory. Following this, the group departed
for & tour of Oak Ridge National laboratory.

Oak ™ dge Isochronous Cyclotron (ORIC)
obe ' uv‘m.‘-—m

Livingston described the ORIC from a model and then took the visitors on

& tour involving the control room, cyclotron veult, and east experimental room.
The esternal beam on an aluminum target with fluorescent material to accentuate
the beam vas demonstrated for the first time; closed circuit television (camera
in veult room and screen in contrel room) vas used. Beam strength vas indiceted
us 239 of the internal circulating beanm. Livingeton described the console and
the controle on the potentiometers (helipots) which are used as trimming coils
on the cyclotron magnet field. He vas asked about the magnetic field strength,
and he indiceted an average field of 17,000 gauss and & maximum field strength
of 22,000 gauss .

In the cyclotron veult, Livingston pointed out the target (previously irra-
diated), the RF system, the svitching magnets, and the focusing quadrupole: . The
locations of the future analyzing magnet and the future vall ports for passage
of the beam into the east and vest experimental rooms vere pointed out. The
party then moved to the east experimental room where they were shown the large
gun mount on which will be placed the analyzing spectrograph. One of the Soviets
inquired about the energy and radial instebilities. It wvas pointed out that the
energy of this cyclotron 1s not high enough for these instabilities to occur.

The energ, for this cyclotron was indicated as ranging from 75 MEV for protons
or equivalent down to zero.

As vill be noted all through this report, Sinev wae interested in conetruce
tion dotails; in this case it vas the Oak Ridge practice of having the cyclotron
D's and magnet pole faces in a vertical plane versus the more common practice of
having these in a horizontal plane. Livingston gave the following technical eval-
uation: (a) Much of the accumulation of dust in the D's can be avoided, thus
reducing sparking; (b) engineering problems of supporting the D'e are not as aif-
ficult; (c) this hes been the Oak Ridge practice. The Soviets merely "grunted"
and seemed to accept reason (¢) as governing.

Alsc a flexible method of using metal shaped channels ("unistruts") as a
flexible means for wall pipe hangars and common type metal chase for carrying
electrical chases, which support and at the same time reduce electrical inter-
ference effects, was noted by Sinev.

(Substituted for the Radioisotope Ares st visitore' request)
, and J. L. Fowler

Stelson used & dlagram to describe the Tandem Van de Greaff, and then pointed
out the salient parts. The Soviets vere quite interested in the technigues of
reversing the charge on the accelerated particlee and the control used to vary
the number of electrons stripped on bromine, iodine, and other atoms. Moak pro-
vided a chart indiceting multichannel analyzer results, identifying the charge

13



on the atoms being accelerated and including an isotopic difference. Much of the
detailed interest in the Tandem vwas lost when the visitors sav the ligh Voltage
Engineering plague on the accelerator. They did inquire as to the extent of
equipment shop - made or fabricated at ORNL in the experimental setups utilizing
the beamn. The flexibility available using the various bending magnets was des-
eribed. Fovler descridbed the equipment available in the target room of the 3 MEV
vertical Van de Oraaff, and Moak described the machine for sutomatic processing
of data from tapes (punched directly from multichannel analyzer pulses) to com-
puted nuclear cross sections, including curves for cross sections versus energy.

Fission Product Development laboratory (FPIL)

The celle in the plant vere described, including the fact that the building
is divided into two parts--one for the chemical purification and the otner for
mechanical handling of the products. The major products processed in this plant
are £r«<90, Co-137, Ce«lil, and Pm-147, but there is continuing interest in all
fission products. The technique of remote welding in one of the cells vas des-
cribed. The visitors were interested in the total activily which the plant is
capable of handling. They wvere told 1,000,000 curies of Ce-lklk. The visitors
vere shown ceramic pellets and some povder of SrTi0. of various specific activi-
ties. The samples, as much as 30,000 curies each, ‘xhibiud a red glov. The
visitore wanted to know if the material vas molten. and they vere told no. Con-
slderable questions on darkening of cell vindows vere raised. The visiiore seemed
doubtful that the vindows in this plant vere not darkening due to radiation. They
vere told these windowe are solid glass containing stable cerium. Sinev asked
detalls of construction of the cell. He was told the celle vere constructed of
barytes concrete with the faces of the cell clad with lead. Sinev also examined
the manipulators very carefully and inquired if only steel tapes are used. He
was told that both rods and tapes are used. He also wished to knov {f the man-
ipulators are old or nev models. He was told they are relatively new.

Oak Ridge Resvarch Reactor (ORR)
an R, sto

Tae reactor was described in general terms, and the visitors vere permit-
ted to viev the reactor from the rolling platform. The reactor was at full pover,
and Cerenkov radiation vas clearly visible. The various loope entering the top
of the reactor were identified. Aftervards, the visitors vere shown the equip-
ment in the gas-cooled loop. The visitors expressed their interest in the reac-
tor fuel and attained burnup. They were advisel the fuel 1s 93% enriched uranium
in aluminum with aluminum cladding. Here agein the visitors shoved considerable
interest in construction details. Of particular interest were the scram annun-
ciators. They were taken into the control room, and the various instruments were
described.

Molten Salt Reactor Experiment (MSRE)
¥ Frigee

Prior to visiting thie site, the visitors vished to be assured that there
vould be an MSRE model available for use in the explanation. ORNL had already
thought of thie, and one vas ready and described by Brigge. The visitors were
interested in and given the chemical content of the fuel with their percentages
(1 UFy, S 2rF,, and 65 LLi'F mol percent with BeF, remainder), comstruction ma-
terials of the primary system (INOR-5) with alloy constituents (5 Fe, 7 Cr, and
17 Mo percent) coolant (BeF-LiF) to air. Sinev remarked that this is a lot of




Mo. 1In sddition, the visitors vere interested in the operating temperatures,
viscosities, and stresses used in the design. Briggs pointed out that, rether
than using a maximan permiesible tensile stress, the designes vere based on a
maximun permissible creep at 1L00PF.  Binev asked many detailed questions on
pumps (centrifugal pumps vorking in a partially filled vessel in which the free
surface of the fuel is in contact with helium). The visitors aleo asked about
control rods. They were told that there are  ome control rods but the main
shutdown control would be accomplished by dumping the fuel. The visitors asked
when the MSRE vas started. They vere told the design in 1960 and construc-
tion (modification of the Alrcraft Reactor Test Building) began in 19C1. The
visitors inquired about the Dak Ridge Homogeneous Reactor. They were told that
it had been abandoned. There had been reports that the Soviets vere working on
& molten salt reactor at the Nev Melekess installation. On being asked about
this, no firm ansver wvas received; but on being asked directly about the fuel,
the vieitors replied UOL50,. On vieving the reactor pit, the Soviets inquired
about the large flanges, apparently thinking they were expansion joints. They
vere advised that these are remotely disconnecting flanges, and descriptions of
the flanges vere given.

High Flux Isotope Reactor (HFIR)

¢h

The visitore vere provided "hard hats" prior to entering the HFIR building,
which is etill under conetruction. Apparently the visitors did not understand
the need for the hats but did adjust quickly to vearing them. Boch described the
100 Md thernal reactor with & maximm thermal flux of 5 x 1015 n/cw®/sec. The
visitors asked questions about the design data on the maximum heat flux. Some
questions arose at this point on understan of the Britich versus the C.0.S.
system of defining the heat flux--60 cals/ sec. A dummy fuel element was
avallable for the vieitors' inspection, and s description was given, including
& printed handout. Boch gave a general description of the fadbrication techniques
involved in the fuel element. After the visit, Boch remarked that the Soviute
seemed to be more interested in the fuel than anything else. They vere told the
fuel i 0305 in aluminum alloy with aluminum cladding.

Lunch
fiollday Inn

1. 8. R. Sapirie, Manager, Oak Ridge Operstions Office, expressed his
appreciation of having the visitors in Oak Ridge and hie hope that
this would lead to further exchange. He read & telegran from Chairman
Seaborg expressing his regret on the forced landing of the Columbine
at Andrews Air Force Base.

2. Commiseioner G. A. Tape expressed the vords of velcome from Chairman
Seaborg received by telephone.

3. Mr. Alvin Veinberg gave a brief description of ORNL conclusions on
vater desalinizetion. These incliude:

a. Unit costs of reactors decrease with increasing eize

b. Fossil fuel pover plants also have decreasing unit coste with
increasing size of plant

¢. The unit costs on nuclear pover plants (et smaller sizes
general’y higher than foseil fuel plants) decrease more rapidly
vith increasing size than fossil fuel plants

d. The crossover point is at sbout 10,000 megawatt

-15-



Mr. Weinberg also stated that ORNL is etudying a 29,000 megavatt plant (three
each, 9,000 megavatt reactors) which would provide electrical power from the
primary heat and use the reject heat for desalinization. Weinberg indicated
that, as of this date, the project lacked a customer. He believes that the pro-
Ject ghould be feasible in areas vhere fossil fuel costs are high and in desert
areas where veter costs are high. The visitors offered little comment.

Folloving the luncheon, the Soviet gr up continued its tour of ORNL facili.
ties.

ed Thermo

Controll

nuclear Research

CTR) Program
, and J. L. Dunlap

Mr. Onell described in three parts the CRNL CTR project as follows:

ICX«1 « J. L. Dunlan
Ton density obtained - with are; 2 x 109 ggr emd
wvithout are: 2 x 109 per em)
Containment time - with arc: 5 milliseconds
vithout arc: 10-L0 seconds
Iimited by volune of DCX-1 because of plasma expansion

ICX-11 « P. R. Bell Z
on density - with 1ithium arc: 2 x 10" per em?
vithout arc: 9 x 107 per cmd
Containment time: 5 milliseconds
Limited by charge exchange processes

Electron Heating - R. A. Iandl
“Miis hab reached a beta greater than 0.2 in the excitation of plasma
produced by lithium arc by means of RF heating from a microwave cavity

The group wae then given a brief walk-through vieit of work areac¢ and
shown DCX~1, DCX-TI, and the Electron Heating Device. The tanks, pover sources,
and magnets wvere pointed out. The principal questions raised vere magnetic field
strengths and injection energies used.

ggblo Isotopes Program
. 0. love

While the main group of v/isitors went on to the BGCR, Arteimovich and
Bogolyubov, accompanied by Coomiseioner Tape, continued their visit of CTR
(9201«3) and then visited the Stable Isotopes Production Area (920k+1). BEn
route to Building 9074 .1, Artsimovich indicated that the Soviet electromagnetic
separators had vertical magnetic fields; that they used four tanks with three
arce per separator with a single yoke--the number of such setups was not indica-
ted; and thet linear shims vere used on the first pass magnetic separators while
clrecular shims vere used on the high purity (second pass) mass separstors. It
vas not clear whether this vork was done on uranium or stable isotope separa-
tions.

After the visit, Arteimovich indicated that the Soviete have done sbout
everything the U. 8. has but perhaps not to the same purity. The visitors were
shown the calutron trecks. Artsimovich asked to view the beam received on the
calutron pockets. They vere taken up on top of the tracke and were shown chroe
mium and calcium arcs and an arc in which 815, was undergoing simultaneous
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fsotopical separation. It 1s not clear that Artsimovich got the point of the
slmultaneous isotopic separation of 51 and §. He vas told the total currents
obtained are 25-7% ma of Ca, 25-29 ma of 81, and 30-30 ma of 8. They vere

shown & calutron source unit, and ite parts vere pointed out briefly; these
vere given as 3% KV plus and minus to ground. Artsimovich asked about the fleld
étrengths used, and these vere given as £,000 gauss. Artgimovich advised the
Soviets are using 9,000 gauss. He asked vhat enrichments are be attained.
When told that these vary, he specified lead. He vas told ve get 30-901 in one
paes.

During the ride to the UT-ARC Laboratory, Arteimovich indicated that ini.
tielly all information the Soviets had was the Gmyth Report and that, at the
time, he 414 not belleve the application of the electromagnetic method to ura-
nium separation vas feasible. fie sald the biggest problem the Soviets faced
vas & cholce of the magnetic field strength to be used.

Gas-Cooled Reactors and EICR
. H. Jackson . F. Cope

The visitors evinced great interest in the U. §. gas-cooled reactor Progranm,
particularly the EOCR. Three members of the party, Afrikantov, Ponomarev-Stepnoy,
and Sinev, preferred to miss the discussions on the controlled thermonuc lear
project and to spend the time in discussions vith Jackson and Cope on the ORO
reactor program.

At the ENCR Jackson described to the vhole group, except those at the Stable
Isotope Building, the flow diagram of the reactor, using a model. The reactor
containment, the small reactor core model and & mockup fuel element consisting
of seven elements in a graphite sleeve with simulated pellet fuel, including
plastic mockup of the MgO peliet core, vere described in detail. The visitors
vere taken through the air lock (at elevation 795 ft.) and then on the elevator
Lo the service machine floor (at elevation 910 ft.). At this point the visitors
could see the head of the reactor pressure vessel, including the nozzl” stubs.
The construction contrector had Just finished the process of relieving stresses
introduced during fabricetion. They were then shown the service machines and one
of the steam generators (Braun) which transfer the reactor generator heat in the
heliun gas to steam.

Thers vere general discussions of dimensions, operating conditions, and
materials of construction. The visitors vere quite interested in the one-half
inch dimmeter stainless steel tubes which come out of the head of the reactor.
These tubes provide the burst slug detection and the pneumatic temperature mon-
itoring systems.

The visitors appeared quite knowledgeable on the U. K. and French gas-cooled
reactor programs. They vere not greatly interested in the Magnox stations nor
the French EIF gas-cooled reactors. They felt that the Dragon Project has po-
tential but thet there are a number of difficult problems to be solved before it
becomes a practical pover producing resctor. They were greatly Interested, how-
ever, in the U. K. Windscale AGR, which is the U. K. counterpart of the E3CR.
They were also interested in e comparieon of the sodium graphite concept with
the GCR concept, exemplified by the AGR ana the BGCR. They are, therefore,
looking forwvard to the Hallam visit for discussions on the AEC experience with
this particular reactor. The visitors indicated that they are running some loop
tests with the various gases and have a cooperative effort with Czechoslovekia
on construction of a small gas-cooled reactor; however, their efforts in the GCR
area are very limited.
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Opecifically, & number of questions were asked about the relative properties
of nelium versus COp and the reasons why the U. 5. had selected helium as the
coolant gas for the EOCR and for Peach Bottom rather than selecting COp us the
Britieh had done for AGR. The Soviets plan on using CO, ar the coolant gas for
the USSR-Czechoslovakia ractor and vondered vhether ve foresav major difficul-
ties in using thie coolant gas. They asked whether any vork hed been done in
thls country on using disassociative gases ouch as NO, and CO,, etc. The Soviets
have performed some studies and find the thermodynami ¢ proporetu of the disasso-
clative gases to be quite favorable but they have not performed any worl. on com-
patibliity, corrosion, mass transfer properties, etc. of these various gases.
Although the language difficulties made t' - poilnt somevhat cbscure, it appeared
that they vere somewhat more interested in NO, and CO; than any or the other
disassociative gases.

A number of questions vere asked regarding the EGCR fuel and particularly
the burnups which might be expected. The visitors recognized that a burnup of
10,000 MWA/T 414 not offes sufficient economic incentive for GCR's and this
must be improved by a factor of two at leact. They vere also aware that the AGR
is optimistic of obtaining burnups of sbout 20,000 to 25,000 MWd/T with their
metal-clad fuel.

They questioned the status of compressor development and were interested in
knowing whether the U. 8. vas doing any work on gas bearing compressors. They
vere awvare that the Dragon Project plans on using ges bearing compressors and
that so far Dragon has not selected a vendor for supplying these units. They
were surprised to learn that the AEC had embarted on the EICR vithout doing more
preliminary development and testing work, particularly with helium loops and major
components such as compressors, blovers, etc.

With respect to their own needs. Sinev, vho vas the most vocal of the visiting
Eroup as far as reactors were concerned, indicated that mauy areas of their country
40 not have easy access to fossil fuel and that, therefore, the cost of conven-
tional power is high. Tnis provides as incentive to build nuclear pover plante
and the USSR must face up to this decision in the near future. He feels that
At present the Soviets are carrying on too many concepts without meking a firm
decision on which one 1s to be developed into power producing plants. He feels
that this is expensive and, therefore, they must make an evaluation and a deci-
s#lon in the near future as to which concept 1s to be used for their near future
pover producing facilities. They are not favorably impressed with the pressurized
vater or bolling vater reactors and wondered vhy this country continued develop-
ment of these particular concepts. Sinev placed these reactors in the same cate-
£ory as the British Magnox reactors. Again, he reitersted their interest in the
sodium graphite concept and stated that the Soviets nave considerable experience
in the handling of sodium. It vas Cope's impression that the visitors are very
seriously considering vhether they should get into GCR's and are “rying to make

an evaluation of the merits of this concept as compared to the sodium graphite
concept.

Transuraniwn %m
. e - t

At the luncheon, and later whils the main body visited the Controlled Ther-
monuclear Program, Chetham-Strode discussed the production of trensurenium material
in the Soviet Union with Yakovlev. Yakovlev indicated that 10 grams of Pu-2k2
in the form of an oxide povder in an alumioum metrix wvas being irrediated in the
Soviet High Flux Reactor. It is euticipated that the sample vill be removed some-
time next year and that 100 micregrams of californium will be produced. They plan
to insert more target material into the High Flux Reactor sometime in the future



but at present there are no firm plans. Most of the material that is produced

is sent to Flerov in Moscow for heavy ion bombardment and other studies. There
were no indications that the New Melekess Institute undertaker any basic research
with the material. It appears that this institute functions entirely os o pro-
duction operation. Chetham-Strode vas surprised that there vas 80 1ittle interest
in transuranium research at New Melekess.
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BROOKHAVEN NATIONAL LABORATORY
TUESDRY, Novembe: 10

Enroute from New York City to Brookhaven National Laboratory, Dr. Charles
Falk, Assoclate Director of the laboratory, briefed the visiting group on vari-
ous DNL program activities.

Upon arrival et the icboratory at sbout 10:00 a.m., the visitors vere met
by Dr. Maurice Goldhaber, lsboratory Director., and other laboratory staff. After
introductory discussions, tie vieitors vere escorted on & tour of the folloving
BNL facilities: Altermatin: Gradient Synchrotron; 50" Bubble Chamber; Computer
Center; Iligh Intensity Radi.tion Develcrment laborutory; leat Transfer loops;
Brookhaven (raphite Research Reactor; High Flux Beam Reactor.

JENERAL OBSERVATIONS

Alternating Gradient Synchrotron (AcS)
e « Lireen

Chairman Petrosyants and the visiting delegation spent approximately one
hour viswing the general accelerator complex. They were shown the ring, the
east a'za, the southvest area, and the north area. Many routine questions were
asked. One interesting questions was asked by Chairman Petrosyants: “Wha. was
the total quantity of metal used at the AGS per BEV?" - I d14d not provide an
answer. It ves quite evident that he vas fishing for some calibration of the
impact of & super accelerator on the economy.

Bogolyubov seemed most interested in the high-energy experiments in pro-
gress at the AGS. He particularly discussed the neutrino experiment asking about
the difference between he experiment planned here and the one recently done
at CERN.

50"Bubble Chamber
¢ . wier

We had set up the 1/8 scale model of the magnet and chamber, and the 1/4
scale model of the chamber, plus two full size 80" long by 30" wide photographic
prints shoving € BEV/C II beam from the AGE. A general description of the chamber
was given using models and the two chamber photographs were deecribed. The
party then toured around the chamber and vas shown the bdeam entry from the accel-
erator. Chairman Petrosyants was the chief questioner and asked about fifteen
questions. The questions vere all of & minor nature, such as the thickness and
size of the vindow, etc. An undue amouat of interest wvas shown by others of the
party in the closed circuit television equipment .

Whr Center

The visiting scientists vere shown the Brookhaven Mark I Flying Spot Digi-
tizer. The principles of operation were explained briefly and some samples of
pictures which had been transmitted to the computer and redisplayed on a cathode
ray tube were shown. A nev picture vas displayed in real time on the lovw reso-
lution Memoscope at the conss.e of the Mark I.
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Nl,;: gnuult* Radiation Dwolomt
> Be ne

In & general sense, I would say that there vas rather keen interest both
in the facilities themselves and in various aspects of the research work. Most
interest seemed to be centered on the problem of rediation damage to shielding
glass. I was surprised that the phenomenon was completely new to these Soviet
scientists sfnce 1t 12 rather well known both here and in other countries. This
may be due to the fact that the visiting scientists vere not personally femiliar
vith this area of redistion vork or it may indicate that the Soviets do not have
any high intensity rediation facilities vhere such a problem would be encountered.

Most of the questions regarding the facility vere asked by Messrs. Petrosy-
ante and Artsimcsich, but most particulariy by Kegachkovekiy.

Ligquid-Metal Heat Transfer Facilities
P Dwyer

The group evinced & great deal of interest in the liquid-metal heat-transfer
vork as far as instrumentation and hardvare vere concerned. They showed little
interest in experimental results. They Fomburded us with questions, 90 percent
of which came from Jinev, Kazachkovekiy, r nomarev-Stepnoy, Afrikantov, and
Chairman Petrosyants, in that order of decreasing curiosity. The type of ques-
tion they asked showed real acquaintance with liquid-metal vechnology. This vas
particularly true of Sinev and Kazachkovskiy. The type of question asked was
very similar to vhat a visiting engineer from one of our sodium~cooled reactor
projects might ask.

Chairman Petrosyants, Kazachkovskly, and Sinev showed particular interest
in the electrodynamic pump oa our Nek loop. Chairman Petrosyants was very dis-
appointed vhen ve vere not able to shos him dravings of the working parts. Their
questions dealt with such matters as: materisls of constructicn, energy levels,
heat flux, flow rates, manufacturers' names, pump capacity, temperatures, pres~
bures, insulation, attainment of high heat fluxes, valve performance in alkali
metals, types of liguid metals used in our studies, the purposes of each of our
heat transfer projects, "wetting vs. nonwetting"” effects on heat transfer, etc.

Sinev and Foncmarev-Stepnoy seemed very much interested in our boiling-
potaseium heat-transfer project. Ponowarev-Stepnoy asked whether the work was
related to some particular preject or was carried out for the purpose of getting
fundamental information. We replied it wvas the latter. In our discussion on
the bolling-potassium work, Sinev shoved great avgumu of the problem of get-
ting high fluxes, i.e., approsching 10° Btu/hr/ft€. At that point, I asked him
about boiling-liquid-metal heat-transfer vork in the Soviet Union. He replied
that such vork was going on with sodium and natrium. He mentioned these two
11quid metals tvwo or three times which led me to suspect what he actually meant
vas sodium and potassium. When ve were looking at the NaK loup a few minutes
earlier, John Chen asited Ponomarev-Stepnoy atout boiling-liquid-metal heat-trans-
fer work in the Soviet Union, and he replied that he wvas not familiar with that
subject and was concernmed principally with the over-all utilization of astomic
energy. Sinev's statement wvas the first indication we have h( | of boiling-liquid-
metal heat-transfer studies in the Soviet Union.

Sinev stated that in their boiling-liquid-metal heatv-transfer work they are
planning to obtain high fluxes by electron bean heating. As far as I knov, the
only ones in the United States planning Lo use this type of heating for thie pur-
pose is the Heat Transfer Group at Argonn: Nationel Laborstory. Kazechrovakiy
told Sheldon Kalish that the Soviets ave having difficulty with the valves in
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their sodlum-cooled reactor plant. The difficulty seems to be that after a fev
cycles, the valves cannot be completely shut of? (leakage at valve seat).

When leaving Bullding 020, Sinev asked for some copies of our recent re-
6uils 50 that he could pses them on to V. I. Subbotin, & vell-known liquid-
metal heat-transfer researcher in the U.8.8.R.

nroakgivu Uraphite Research Reactor gmm
. . .

The delegation toured the Graphite Reactor, and were shown our nev data
handling system which is installed in .he old Sigua Center on the second floor
of the reactor. This data handling system s built around a small computer and
has the unique feature that it can hundle data from tvo separate experiments
élmultaneously. 1 explained these features to the delegation and they seemed
very interested in this nev application of computers for data handling.

Petrosyants inquired of Powell about the facilities et the firaphite Reactor
for routine washiag and checking of redioactivity from pile operators. Chairwan
Petrosyants tried to imply that the facilities vere not very extensive, Lut Powvell
vould not accept this point of viev and made & point of explaining, in detail,
a1l the steps through which an operator must g0 after he finishes iis shift.

I had brief conversations vith several of the group, epending the most time
with Oinev. He admitted to being the turbine designer of the ice-breaker lenin
and vas very proud of this fact. In this respect, he pointed out that the tur-
bine speed on the Lenin remained constant while the load varied from 0 to 1004,
lle said that no other ships like the Lenin would be built and that the next ship
would be & substantial advancement over the Lenin. He poinied out that the lenin
had essentially a spare resctor and that b did not believe that thi. vas neces-
sary for future ships.

Ht.h Flux Beam Reactor gmnz
o Wa ce 2 U« Ms ndrie, and W. E. WVensche

Chairman Petrosyants asked when the HFBR would be completed. When told

the echeduled date e April 1, he laughed heartily and expressed doubt that we
would make 1t.

Ponomarev-Stepnoy was asked snat ultimate application they had in m'nd for
their research i{n high temperature 11guid metal technology. He replied that the
application is not important.

Yekovlev inquired what constituents we expected to remove in the heavy

vater cleanup system. He slec asked where the design data concerning perform-
ance of the ion beds came from.

It 4as noted that Ponomarev-Stepnoy 18 ir‘erested in reactor shielding,
reactor vessel material, fuel clements and Process conditions, while Sinev is
interested in heavy equirment, vumps, heat exchangere etc.

It vas noted that Kazachkovekiy and Afrikantov were very interested in fast
reactors and referred seve al times to their BR-5 reactor. They both stated that
they were strongly in favoer of conventional engineering and design in fast reactors
and that they felt that there are not great additional problemr in “ast reactors
as comparea Jith thermal reactors. They do not believe in testing such as is
done at ARCO un the SPERT program. They indicated that they have design work
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proceeding un & 100-megava't fast resctor to be tied into s distribution grid.
Gince they seemed 80 strong on conventional design, it would appear that this
vould be oxide-fuel clad in stainless steel and cooled vith sodiun.

They asked several guestions with regard to our philosophy on double-
valled heat exchangers where the heat from sodiun 1s transferred to vater. I
told them thet I had not studied this situation and did not know ~f the US
vievpoint. They indicated that they did not think double walls were necessary.
They use & U-tube arrangement and have & heiium blanket &t the top of the sodium
which protects the velded joints. They expressed considerable interest in the
Settled Bed Reactor and asked for additional details. They 414 not respond to
questions with regard to other refractory fuels other than to indicate that the
next fuel for BR-5 wvould be uranium monocarbide clad in stainless steel.
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PRINCETON UNIVERSITY
WEINESDAY, November 20

At approximately 10:00 a.m. the folioving Soviet visitors arrived at
Priuceton University to tour the Plasma Physics laboratory: Lev. A. Artsimovich,
N. N. Bogolyubov, G. N. Yakovlev and V. Revin.

After a greeting by H. D. Swyth, L. Sp'tzer and M. G. White, the group
proceeded Lo the Visiters Gallery of the C stellarator facility where Mr. Spitzer
spoke for approximately 20 minutes. At this point Academician Bogolyubov, whose
primary interest is in high-energy physics, left the group accompanied by M. €.
White of the Princeton Pennsylvania Acceclerator., The romainder of the groun in-
spected the C stellarator and the Q-3 cesium plasma device in the company cf
Opiteer and members of the Flasma laboratory “taff.

At 11:20 s.m. the group depurted from the Plasma Physics laboretory for
Jayre lall, vhere they were rejoined by Academician Bogolyubov. At Sayre Hall
Academician Arteimovich spoke to an sudience of about 100 on Soviet programs
in controlled thermonuclear research. (See appendix B for text of Artsimovich
address ),

Folloving the session at Sayre Hall, a group luncheon was held at the lovrie
flouse and the visiiors departed for New York City.

feneral Cburnq«u

During the course of the Princeton visit, Yakovlev left the group to visit
with Frofessor Turkevich at the Nuclear Chemistry 'aboratory. They discuseed
the beta ray spectrometer and Yakovlev remerked that he knev all about 1¢, liked
it and vas Luildiag sowe since several Soviets had studied in Copenhagen vwhere
this spectrometer vas developed.

Artsimovich informed L. Spitzer that there vere three stellarators under
construction in the Soviet Union--one at the Kurchatov Institute, one at the
lebadev Institute, and one at Kharkov. The one at Kharkov has dimensious ebout
the same as the Model C stellarator at Princeton, but with & somevhat smaller
magnetic field, in the range from 25 to LO kilogauss. Arteimovich remarked that
he had personally advised against building so many stellarators.
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INDIAN POINT
NUCLEAR POWER PLANT
WEINEE DAY, November 20

The visitors vere escorted from New York City to the Indian Point Nuclear
Pover Plant by Mr. W. M. leonard, Public Relations, Coneoiidated - Edison Com-
pany, ané overull gulde for the Indian Foint tour.

Folloving s briefing of the plant layout and operation, the group was shown
various sections comprising the Indian Point reactor site.

Key officiale vho a~ted as hosts, leaders and spokesmen included:

R. Frank Brower - Vice President, Engineering and Rates

M. L. Waring - Vice President, Purchasing, Fuels, Svores
Real Estate and Insurance

M. M. Ulrich « Vice President

onald Cravferd « Vice President

George E. Quinn - Manager, Production

Richard F. Freyverg - Ceneral Superintendent, Indian Point
Station

Joseph A. Prestele - Assistant General Superintendent, Indian
Point Station

General Observations

Mr. Petrosyants seemed to be very knowledgeable concerning nuclear pover
and he was very dirappointed, as well as the rest of the group, when they vere
not admitted to those areas in which radiation vas present, {.e. inside the con-
tainment vessel. The Con-Ed Company does not permit any outeiders (US or for-
eign) to visit these controlled or exclusion areas. They 4id not make an excep-
tion for this delegatioun. Hovever, the Compary did mike one exception when
they permitted the Soviets to take photographe in the control room. The pro-

hivition againet such photogrephs 1s company policy and 1s not for security
reasons,

Sinev wvas very inguisitive regarding scele on the conircl rods and vanted
10 know thelir design and the materlal of the last seal. Throvwghout the visit
he repestedly came back to the subject of hermetically sealed control rods. He
also requested information concerning the main pumps and asked 1if he could have
& manufecturer's brochure or instruction menual concerning tue pumpe. He “n-
quired as to vhat material was in the Journal bushing of the pumps, hov it was
machined and whether or not graphite bearings vere used. He vas told that the
bearings vere Craphite. He vas primarily interested in the design and meterials
used. However, he was rot interested in the boller feed pumps on the steam side
of the plant, but 414 ask if they were conventional.

Sinev, together with Afrikantov, discussed in detail the primary purifica-
tion system. They were particularly interested in the temperatures involved,
the ability %o remove particulates from the coolant and the efficlency of the
chemical exchange resin. Afrikantov questioned why a cooler preceeded the ion
exchange bed and was told that the temperature of the resins could not exceed
120°. The Soviet comment vas, "jJust like ours." He 2150 made & number of ref-
erences to the purification inlet filters as to their purpose and constru~tion.
The fact that this filter is of a cellulose type vas of interest to him. He
vas also particularly interested in the mechanical filter at the ion exchange
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outlet and why this had to be 1) micron mesh. The ansver vas to preveni break.
through of the fon exchange medium.

The Soviets wvanted to see the fuel handling equipment. Because this equip-

ment vas already vrapped in polyethylene and sealed during the normal storage,
it vas not svailable for vieving.

The Soviets vere not particularly interested in the thorium-dioxide /uraniun-
dioxide fuel which comprised the first core of the Indian Point reactor. Tuuy
vere not surprised that the control rods vere ganged and that the fuel distri.
bution vas & symmetrical pattern. They did query as to why tne second cure wvas
being made of silghtly enriched uranium dioxide. The ansver was based purely
on economics. The first core utilized fully enriched uranium and the rental
charges vere extremely high. The second core will cost $2,007,000 as compared
te the 15,000,000 cost of the initial sors.

Afrikantov was very much interested in the troubles expericnced with No. 1k
Stean generastor which permitted primary vater to leak into the svcondery system.
This 1s the U-type heat exchanger, 10 feet long. The straight p-.tion of the
tube is welded to the curved postion. This ves due to inability to draw tubes
of sdequate length at the time ther: heat exchangers vere constructed. The
Hoviets proudly said that they can .irev the tubing up to 12 meters. No comments
vere made by the Soviets concerning stress corrosion and there vere no discuse
sions concerning zirconium cladding.

Sinev vas particularly interested in the fast that the Con-Ed people required
fver two weeks to vash out the condensate of the primary system. It was not
clear Lo Sinev vhy this vas necessary.

The Soviets were very interested in the amount of cobalt present in the pré
mary coolant and questioned as to vhat the total activity of the Primary water
va6. When hearing that it was 10°? microcuries per milliliter they vere some-
what surprised that 1t vas so low. They came back to this point and again asked
how much cobalt«50 and cobalt-60 was present. The ansver vas 1x10°° parts, res-
pectively. The Soviets then asked the material composition of the system and
vhen told that e special stainless steel was used (for which the company paid a
premium) containing less than .05% cobalt, they all shook their herds knowingly
== 1t vas evident vhy there was such a low cobalt content in the coolant.

They were very much interested in the superheater principle but were not
concerne " <ith the construction details of the conventional superheater equip-
ment. They inquired as to the cost of the plant due to the superheater instal-
lation. The superheater cost wvae approximately $80 per kilowatt whereas the
nuclear portion cost was $300 per kilovatt. These are capitel costs. They were
told that the plant produces electricity at a cost of 1k mils /kv-hr which they
considered a bit expensive. They remarked that in the USSR the cost of a nuclear
pover plant is about one and one-half times that of a conventional plant.

Afrikantov was very much interested in the construction of the reactor ves-
sel. e asked whether it had a liring and how the interns) lining was applied.
This fnner liner is rolled directly on the plant and in the areas of the nozzle
& sealed overlay 1s applied. He was interested in determining that the liner
vas also spot velded to the main vessel.

On departing from the plant, Petrosyants inquired wbout the voltage level
of the powver lines cuming to the substation. These lines are 138 kilovolts and
345 kilovolts and he was told that the voltage wvas this low due to the short die-~

tance to their coasumers. The Soviets mentioned that they were considering power
transmission at the 1,000 kilovolt level.
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It was indicuted by the Soviets that the Novovoronezh pover station s ex-
pected to become critical in late December. They expect it to operate at low
pover for a month tefore steam 1s produced.

At c3e point the Soviets asked if the ares surrounding the plant wae mont -
t4red for radistion.
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LAVRENCE RADIATION LABORATOR. - DLURKELEY
THURSIAY, November 21

The visitors arrived via USAF Special air Mission aircraft of MATS, at
Oakland International Alrport sbout 1:20 p.m., November 21.

The party vas escorted to LRL-Berkeley by Mr. E. C. Shute, GAN, and E. M.
McMillan and H. A. Fidler of LKL,

Folloving arrival, the group started on & program of visits which inciuded
brief st at the bevatron, bubble chambers, data processing and computers
and the 58" cyelotron.

Folloving the late afterncon visit to LRL fucilities, Chancellor Strong en-
tertained vith cocktails and dinner. The group then departed for an overnight
stay at the Fairmont Hotel in San Francisco.

LAWRENCE RADIATION LABOPATORY - BERKELEY - continued
FRIDAY, November 22

The LRL progran began about 25 minutes late, but, as planned, with some
minor changes. When word about President Kennedy's esssassination was received,
the people in Mr. McMillan's office who were vorking on arrangements for the
subsequent days were stunned. A confirming report was sought by telephone, a
TV set vas located and vheeled in and radios were tuned in. Mr. Fidler informed
the vieiting party. The program was stopped until new plans nould be formulated.
The USSR group mostly stood by outside Bldg. 7O0A with many members of LRL., An
accurate accounting of the next hour would nearly be impossible as each person's
reaction to the terrible tragedy vas beginning to affect him and hence his ac-
tivities. One factor remains clear: Chairman Seaborg remained saddened but
calm and carefully considered each aspect of the many suggestions he received.
Hle kept the physical safety and irterests of the "'38R group uppermost.

Mr. Petrosyants vas advised by his Embassy to place himself in the hande
of Dr. Seaborg and staff and cooperate in every respect, which he and his party
certainly did for the next three days. They were sincerely saddened and sympa-
thetic to the U.8. They were interested in the early reports that started linking
the assassination to o person with a Communist background.

Chairman Seaborg had by this time evaluated the pros and cons ~f the many
uspects of safety and interest. Iis decision vas to cancel all previously planned
activities and have the group go to Yosemite National Park until Sunday evening.
He asked Mr. Wells to assure duties as U. 5. host in the interim, assisted by
Paul W. McDaniel and Arnold Fritsch. Dr. Seaborg then left for Washington, D. C.

Following smal) group departures from the hotel and baggage loading and
checkout, the group boarded the bus and a tour vas made around the Bubarcadero,
through Fisherman s Wharf, across the Marina, over the Golden Gate Bridge and
back. The tour cuntinued around land's Fnd and the Creat Highway to Golden
Gate Park. The group then proceeded on a direct route to Yosemite National Park.

Following supper in Modesto, California, the visitors arrived at Yosemite
“odge about 12:30 a.m. The lodge had made changes to quickly adapt to the situ-
ation and had rooms ready.
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Yos NATIONAL PARK
! ' - 2

The entire day vas devoted to leisure and

the following schedule.

11:30 a.m.
12:0% p.m.
12:50
1:45
2:40
3:k0
b:00
L:30
5:30
6:10
7145
8:15

Assemble to discuss program
Travel to Village Store

Return to lodge

Luncheon in cafeteria

Museum lecture and tour

Visit Ansel Adems Studio

Vieit to Mirror Lake

Return to lodge

Cocktail party in Redwood Room
Dinner

Movie, "This 1s Yosemite," in Lounge
Ranger naturalist talk in Lounge

YOSEMITE NATIONAL PARK - coatinued
SUNBAY, November 24—

, Nov r

On Sunday, sightseeiiy in Yosemite Park ¢

ontinued and the tour covered

sightseeing along the lines of

most of the points of interest in the valley. In the late afternocon the group

departed from Fresno, Californis en route to Idaho Fails, Idaho.
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NATIONAL REACTOR TESTING STATION
MONDAY, November 295

Following & group breakfast in the Westbank Motel, Idaho Falls, the Soviet
visitors departed by bus for a tour of NRTS facilities. Academicians Artsimovich
and Bogolyubcr, being interested primarily in controlled thermonuclear reactions
and high energy physics, remained at the Westbank Motel and watched President
Kennedy's funeral services on television. Paul McDuniel, Directar, Division of
Research, lleadquarterr mained with them.

Enroute 4RTS, Mr. Willlam L. Ginkel, Acting Manager, ldaho Operations
Office briefea une Soviet vieitors on various programs at NRT. .ncluded in the
tour vere the folloing major NRTS fac’!\'ties:

Experimental Breeder Reactor II

Mobile lov Power Nuclear Power Plant (ML-1)
Special Poser Excursion Reactor Tests (SPERT)
Materiale Testing Reactor (MIR)

Engineering Testing Reactor (ETR)

Advanced Testing Reactor (ATR)

Experimental Breeder Reactor (EBR)

Zero Power Critical Facility (ZPR-III)
Boiling Reactor Experiments (BORAX-V)

NRTS Tour

Television sets were installed at the EBR [I and at the Central Facilities
cafeterie at the suggestion of the Soviet delegation. The tour party vatched
a portion of the funeral preliminaries prior to touring EBR-II and part of the
service folloving the tour. Approximately one hour was consumed observing tele-
vision at EBR-IT in addition to time spent during lunch. Mr. Yakovlev stayed
al EBK-II to vatch the remainder of the funeral service before rejoining the
group at lunch time. The Soviet visitors vere preoccupied with technical and
mechanical details to the exclueion of diecussion of the overall technology or
broader aspecte of the test station programs.

At ML-I, MTR-ETR and BORAX several of the Soviets indicated extreme interest
in data and information on ion-exchange systems for wvater purification, much of
which seemed elementary to briefers and guides.

At EBR-II the principal interest was in materials handling equijment within
the Fuel Cycle Facility cells.

At ML-I more pictures were teken by the visitors than at other facilities.
Messrs. Revin and Ratnikov were the most active photographers in this area. In
response to some broad hints, Mr. Sowards (AGN) presented Mr. Petrosyants with
& model of the ML-I mounted on a section of HO gauge railroad track.

At SPERT the only special interest noted vas in the laminated vessel struc-
ture of SPERT.III.

At the Test Reactor Area the guides vere subjected to intensive guestioning
regarding details of Lhe experiments and loop designs, which information was
generally refus d the party. No special inteiest was shown in the ATR construce
tion.

At EBR-I, ZPR, BORAX the primary interest was in the BORAX fuel element prob-
lem. They veire apparently avare of the problem prior to arrival. Near the end
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of the day (vhen time vas running short) several of the vi-itors, although not
fdentified as understanding English, were llstening to the guides and pursued

dlscussions and asked questions without vaiting for the English-to-Russian trans-
lation.

Mr. Sinev, Deputy Chairman, took copious notes throughout the tour. Hie
interests also were in engineering and fabrication details and vere most intense
in the ML-I area.

r Weyden, Deputy Director
zac wai‘y Lo Ll

Superheat Fuel. tarlier, at the BORAX V site, there were a number of ques -~
tione by Soviets on the performance of the superheat fuel elements end they
vere told that a completely satisfactory cladding material has not yet been de-
veloped. They asked specifically about various stainless steelc and nodded,
knowingly, when it was mentioned that 30k stainless steel does not appear to be
satisfactory. Oince nuo one else raised the cbvious question, I asked vhat they
had found to be satisfuctory cladding for their superheat elements and tue ques-
tion vas not ansvered. In the later conversation with Kazachovekiy I raised the
question again and he said that they do not have the problem solved either, but
that they have developed a chrome molybdenum steel which appeare to be much bet-
ter than the 304 stainlecs steel. le said that since he was not & metallurgist,
he wae not familiar with the specific composition.

Status of Power Economics and Fust Reactors. Kazachovekiy said that the
"state o e ar n 8 suc a Yy believe that they will be able to
bulld vater reactor plants which will produce pover competitive with fossil fuel
plants by 1967 and that they have, as & target, vconomic power from fast reactors
by 1073, He said that the latter will depend upen success in certain develop-
ments uch as carbide fuel (or poseibly nitride): (1) they have been worried
about the problem of carburization of stainless steel and now are vorking with
hypostoichiometric monocarbide; (2) they plan to test carbide fuels soon in their

small fast reactor; (3) they are also investigating niobiux as a cladding material
for fast reactor fuel.

In sumary he said that they believe all of the fast reactor technology 1is
nov "do-able" particularly in light of the favorable results in the technology
of Pandling sodium which they have learned about in the U. 8. The principal
outstanding problem is the development of an econcmic fuel cycle.

Chemical Processing. Kazachovekiy asked if we had Any programe on agueous
processing of uranium c!%ldo ard commented that he thought this type of process
vould vork although it may not be the best. I told him that the only work on

proceseing carbide fueled by aqueous methods with which I was familiar vas on a

laboratory sce.e, but agreed that it appears possible to handle such fuel by
such a process.

He asked if ve vere considering electrochemical processing of fast reactor
fuels in molten salt. He implied that it would be possible, by careful control
of electro-potential to selectively eeparate the products from such & eystem.

On the other hand, their experience with Aqueous processing has been very good
and he commented that the process probably will vork for fest reactor fuels, but
it may be too slov to achieve reasonadle economics. He said that their work on
non~-aqueous processing in general is not as advanced as ours, and that they have
only done same laboratory investigations on fluoride volatility.

Possible Soviet Program on Reactors for Space Applicetion. 7wo questions
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were asked by the Soviets which imply that they have a program on reactors for
space application. The firet one was whether or not we are looking at pover
plants substantislly smaller than ML-1; nasely, in the range of a fev kilowatts.
This question vas asked by Chairpan Petrosyants at the ML-I site and the Aero-
Jet man replied that they had no vork going on in smaller size unitr. The sec-
ond question, wvhich was asked by Kazachovekiy, was hov extensive is our experi-
ence on 1iquid metal systems at teuperstures above 2000°F. 1 "ducked" this ques-
tion by replying that ve are investigating, in our fast reactor program, tempers
atures only up to 1200°F because of "hot spot” limitations on stainless steel.

Jeneral Observations

In spite of the difficult circumstances of the ti~ing of the Iuaho Falls
etop fmmediately folloving the President's assassination, the visit sche®
proceeded smoothly and all objectives vere accomplished; however, the ag..da
wae extremely rigorous. Consistent with ID planniug and in accordance wit. the
visitors' wishes, local , ess covernge vas minimum and nevspaper articles and
TV nevs programe vere "played down' and generally appropriate to the circumstances.
There vas apparently no significant or general adverse reaction in the community
to the conduct of the visit. Argonne and Fluor Corporstion (constructor of the
ATR) cbeerved Monday, November 2°th as a non-vork day but Phillips and Aerojet
facilities vere staffed to normal levels at the time of the tour.

Because of the very demanding echedule of facility visits, several proposals
vere made to the delegation to eliminate one or more facilities in the interest
of nore extensive and reasonabl. cove:‘ge of those vieited. Howvever, irn res-
ponse to each such proposal, the delegation indiceted a strong desire to complete
the schedule in total and thise was accamplished by extending the time apvroxi-
mately one~half hour. Compared to other high level foreign visitorgrayps and tothe
previcus Soviet delegation in 1955, this group vas significently more oriented
toward technology and even mecharical details rati.er than brosder scientific or
programetic aspects. Except for a discussion between Chairman Peirosyants and
feneral Manager Luedecke in the general area of reactor safety and siting philos-
ophy, the group evidenced no significant interest in or avareness of management,
programuatic or organizational aspects of the Test Station overall. The only
significant probing into areus outside the exchange program came in the inquiries
into detalls of test reactor experimental programs, some of which are classi-
fied and o discussion was tactfully avoided.



HALLAM NUCLEAR FOWER FACILITY
TUESDAY, November 26

Folloving & group breakfast at the Cornhusker Hotel, Lincoln, Nebraska, the
Soviet party proceeded to the reactor site which is located approximately 15
miles southvest of Lincoln.

The evening before, Academicians Arts.siovich and Bogolyubov had expressed
the derire to pass up the visit to Hallam in favor of devoting more time to the
Argonne National laboratory. Arrangements vere hurriedly made and the two Soviets
were put on a commercial flight from Lincoln to Chicugo, Illinois where they were
met and hosted by A. Creve, Director of ANL.

Upon arrival st fiallam, the visitors vere given a briefing and general ori-
entation of th nuclear facilities, the control 1™m, the conventional facilities
and the administration areas.

Key officials present for the briefing and tour included:

Frederick H. Wagener - President, Consumers Public Pover District

(uy L. Cooper - Secretary, Board of Directors

Wayne E. Rarbar - Executive Director

R. L. Schacht - General Manager

R. 5. Kamber - Power Supply Manager

J. D. Cochran - Plant Superintendent at Sheldon Station

James E. Owens - Superintendent, Field Operstions - Atomics Internationsal

W. M. Soule - Site Representative, AEC

Emerson Jones - mcut Con’ulunt to the GCeneral Manager of Consumers
er District

General Observations

A number of gueetions were raised on the building and etructure itself.
The intent of the questions seemed to be in connection with containment. The
visitors all nodded when 1t was explained that the structure was designed for
leak tightness with leakage into the bullding, but vas not & containment area.

Considerable interest vas displayed in the area of sodium purity specifi.
cations, the total volume of sodium in the primary system, what the retention
volume in the f1ll tanke vas, how the initial unloeding and 11l was accomplished,
and vhether the initial f111 sodium was filtered. They also :xpressed interest

in the area of hov much make up was required in the sodium systems and how often
it wvaz required.

Interast in the reactor bellows fabrication was quite pronounced. Apparently,
they ware concerned with the construction problems since they asked about the ma-

tarials involved, hov 1t vas actually fabriceted, how many convolutioms 1t had,
ete.

Most of the group vere very interested in all aspects of the fuel handlirg
machine, especially in the sealing of the unit to the loading face shield. They
expressed profound interest in the methods used to index the machine, the gae
lock mechanism and the rotation. One comment made which was of interest vas the
fact that they covered the entire floor area. They seemed amazed at the fact
thet no protective clothing vas normally required in the high buy area.
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There vere juestions asked regarding the construction details of the stean
generator. They vere quite interested in the duplex bayonet heat transfer tube
construction. They commented on the expense of such a design.

Most of the group appeared impressed with the temperature scan unit in the
control room. A number of questions vere wsked on the operation of this device.

Jeveral questions vere asked about the control of the fuel outlet tempera-
ture. They vanted to kaov Af the orifices vere - atic, if they could be ad-
Justed from above the floor, what type of therm. _.es vere used, where the
thermocouples vere placed, 1f the oriffices could be adjusted while operating anc
construction details of the orifice mechanism.

They vere quite interested in the opinion of personnel here concerning the
future o the sodium graphite concept .

Several questions were asked sbout the reactor cavity cooling system.
They were interested in concrete temperatures and flux exposure values at vari.
ous locations in the shield material.

A number of questions vere asked about the fue) cladding, methods of fuel
feorication, the annulus between the fuel and vi:4ding and operating mperatures.
They seemed amazed that typ. 3OL stainless vae use. for the clad material. They
Gsked /f we knev that it vas no good sbove 600°C. This point came up again and
again during the tour, bas ride and lunch. Even after explanations vere made
concerning the operating temperatures of the fuel, sodium pressures anu temper-
ftures, they still did not seen to appreciate the facts and continued to express
concern on the use of type 304, These comments eventually extended to the pri.
mary piping, reactor vess:i, ete.

One of the two groups was very interested in the sodium pump drive motors
and the electromagnetic couplings They vanted to knov details on the type and
eize of the prime mover, why the ,C type with the varisble speed coupling vas
preferred over the IC type an’ +hat the economics were. Both groups vere inter-
ested in the pumps themselves. ‘“hey vanted to know if they were stock items,
bullt by commercial fir=s or A'.uics International and expressed approval when
told they were built *- ", uu-dackson.

They were interested in primary system piping layout. Specifically, they
scemed interested in whether expansion loops or bellows vere used. Apparently,
they prefer bellows in order to reduce size.

A fev guestions we:* raised on the use and cperation of the plugging meters.
They inquired about the normal, maximum and minimum plugging temperatures. GSev-
erai questions vere asked about the carbon and hydrogen content of the sodium.
They seemed surpriced that hydrogen content was not constantly measured.

They vanted to knov what the control rod helium system leakage was. One
visitor proudly announced that they vere dbuilding hermetically sealed control
rods vith a four meter travel. These would be nearly the same length as those
used at Hallam.

Some questions were asked about the ability to operate the conventional
and nuclear plants in parailel. They also wanted tc know about the economics

of the operation of the two facilities, the individual and total cost and cost
swudy breakdowns.

Several questions vere raised concerning the maximum and average hot
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SpOt Lemperatures for the U-Mo and UC fuel elements,

Al

One visitor, Sinev, wvas Quite interested in what the United otates was doing

in the field of gas turbine application. He seemed very enthuelastic about th
neept of using gas rather than étean and implied that ~as wled

tems using gee turbine drives wvere very practical He ¢

wvorking on a and 100 Mv gas turbine deglgn. It was

were related tw a reactor project,

reactor sys-
« tha’. the USSR 1s
n LEATr whetlher these

In summary the Soviet group was interested in Just about everything.
y - ¥ p >

L €5 -
pecially me anicel design

fabracation techniques, types of materials, etress
alculation and design criteria. They commentrd o.: the fact that the United
Lates and the USER vere trying to stir L00 many pots at once. They implied that
1t would be better to pick one concept, develop 1t to the maximum extent and
bulld many of them befcre proceeding to another

then
ncept. They mentioned the U. K.
g€as cooled program as an example of intelligent programming.

¥ ¥ £ i

Most of the visitors appeared to prefer sodium

plantes over water-cooled
6ystemes They said that they were d ing exvensive wor

kK on fast reactor concepts
and plutonium prodotion breeders and ‘onverter concepts They spoke freely of

the emphasis they placed on plutonium production All of the v.sitore appearad
t of the plant.

impressed by the cleanliness and layou




AMEL: LABORATORY

TUESDAY, November

'pon arrival at Ames laboratory, Ames, lowa,

ffice and laboratory Building.

& ¢.'2ring sessiun was held
and spokesmen included

Key officiale participating as hosti-,
the following

Morton Smutz, Assistant Director
A. F. Volgt, Assistant iArector
| A. Wilhelm, Associate Director
N

Carlson, Metallurgy Division Chief
Reactor Division Cuief
enior Chemist
zen, Administrative Aide
Edwards, laboratory Business Manager
Fisher, Administrative Atlde
mith, Inf

nformation & Public Relations Asst.

inciuded in the briefing were discussions on the ion exchange process for
separating rare earths, the reduction and purification of metals and
i metals. Following the briefing,

111ding and the Reactor
p area and reactor.

the forming
the main group visited the Metals Develc
Kazachovekiy and Ponomarev-Stepnoy visited the
Yakovlev and Valentin Revin, vieite. the rsdiochemi

Be
Metals Development Puillding.

.
£

'}

acilities and the

n (xchange pilot plant,
reduction equipment, the electron beam melter, horizontal
metal purif

+

e main group also saw the ic

the large-scale meta)
zone refiner, iodine-
ication apparatus, extrusion yress, nigh speed forger and the Ames
ory Research Reactor.

Yakovlev saw the radio-chemistry cells and the
generator,

Labore
neutron

eneral Observations

A large number of questions
and apparatus seen on the tour.
questions

were asiked about the details of the equipment
Theee questions seemed to be the same type of
8 asked by the usual visiting groupse.

Kazachovekly and Ponomarev-Stepnoy seemed especially interested in t
peratus of

.he ap-
Both appeared to be

irculating molten metales through metal lox ps.
juite familiar with

the apparatus and equipment used in circulating molter metale.
There wvere no unusual conversations or discussions.
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Ak in the Argonne Guest House, Albert V. Creve,
.

Netional Laboratory, gave ¢ general orientation briefing or
rities at Argonne. The delegatiou wae then ilvided into twc¢
the following unclassified ANL facilities Chemistry Division,

8 Mullding, Zer radient Synchrotron, Fuel Febrication Facilit)
Liquid Metal Researc At the ccaclusion cf the tour, the grouy

‘ussions of the AR and Faret reactor concepts.

A participating as hosts, leaders or spokesmen included the fol.

Creve, laboratory Direc
h A, Duibar, Manager, (hi : perations
'n lawreoski, Associate laboratc ry Mirector
Hamermesh, Associate laboratory DMMrector
bservatior

ns

entire group of Soviets arrived at the Chemistr Division as scheduled
provided with a -minute briefing on the work we are presently engaged
wing the briefing, the group was taken on a tour of the facilities
hing that urred was during our visit t> the "Cave". A number of
made by the Soviets neeming the lack rf stainless stee) lining
They were told that we do not use stainless steel lining since it
as any other metal I explained that the interior wvas painted and
as effective as the Soviet use of stainless steel; furthermore, it
le8s expensive ‘haimuan Petrosyante agreed that 1t probably vas if
effective as stainless stee) Chairmman Petrosyants then got down on
and knees and began chipping the paint covering off the floor and com-
say this is new, but look how easily 1t chipa". It was explained
not chip if you use it as designed and it will not adhere to the
*les and it does not adhere to foot wear and does provide the pro-
even using hot materials

Joviets also demonstrated an appreciable amount of intereet in the ro-
and battery-powered carts used in the hot laboratories. Cheirman Petrosyants
OW would we cope with a battery-powered cart that falled if it had bde-
ntaminated It vas explained that the job would be handled througn the
ur robots Chairman Petrosyante also asked why we did not have ele:tronic
ilaves as the Soviets had Kazachkovekiy asked on two occasions if we had neu-
‘on emitters. He also asked a number of questions about Radon compounds. At
time we were showing the robots, Chalrman Petroeyants asked for figures on
6t and the source of our procurement. One member of the group asked about
activity we could handle ‘n the lab ratory.

nazachkovekly asked why we did r

0L make use of remote TV when we vere moving
materials on the b

attery-powvered carts and also asked why there was not more
remote manipulations He conmented that 1t was a hazard t rely on the
in the master s.ave fle also commented that we should make use of electronic
ves vhen handling alpha activity




After the formal tour vas over Yakovlev remained for nearly an hour and a
helf. He asked a number of questions vgeeh included "what work are we doing in
cross sections? particularly in Curium ;" how did we expect to improve yield
from our chcéﬂqmcuom?; had we tnv’gtmtod cross sectione of the isotope
Californium “*~ by rediating Surium "27; what yiclds were ob.ained in the iso-
tope separator?; he also asked about the vapor pressure of heavy elements and if
ve thought volatility could be used to separate on a continuous basis.

Yakovlev said that they vere locking at fluorides, since a temperature of
2000° Centigrade was not good in the separation process. Yakovlev said that
they are doing & lot of solvent extraction work., He said there ig no oxidation
reduction of organic solutions. He said that they were just starting work in
the Mossbauer e¢ffect and paramsgnetic resonance. He also sald that the Soviets
are doing absorption spectra work, but only in solution.

Yakoviev was interested in the construction of our glove box. He saia that
they used epoxy resin. I told him that we 4id not because of poseible poison

toxins, which may result, and he acked where we obtained the polyester resin
that we use.

Zero Gradient Synchrotron

LT Tene

The Soviet Group arrived at the Z0S tacility during the afternoon and wvere
given a short briefing on the operation as well as & tour of the accelerator.
Only two people in the group had any familiarity with the ~ccelerator; namely,
Chalrman Petrosyants and Bogolyubov. They asked all thz questions and the bal-
ance of the group did not appear to be interested.

Ciairman Petrosyants wvas interested in the details of costs. He asked about
the specific cost of the rig for measuring the magnetic field in the blocks., He
asked whether the blocks were manufactured locally or whether they were commercially

produced. He asked detailed questions about the cost of the parts of the accele-
rator such as coils, blocks and controls.

During the tour of the control room many questions were expected but none
asked. It was surprising since entering this control room and the one at Dubna
is like vieving a vintage model and modern model automobile. It vas also men-
tioned that we were planning to operate the accelerator with automatic controls
and this raised no curiosity.

Pe
8. C. Foote

“he Sovirte were scheduled to visit the CP-5 reactor for over 30 minutes
but spent only 10 minutes there and did not appear to be the least bi: y:t rested
in this aspect of the tour. Consequently, they spent more than their a'le'sd
time in the "hot metals" laboratory.

Generally the Soviete were concerned with construction problems and were not

interested in either operations or experiments that were shown to them. Chairman
Petrosyante and Sinev 414 moet of the auestioning.

It was most apparent that the group vas interested in welding and thie in-
cluded welding of any kind. During the tour we stopped each time that we came
Lo an item which had been wvelde”. Questions were asked on the type of metals
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that vere welded, the temperature at which the metals had been velded and the
use of the welded items. Questions relating to the welding were generally asked
by Sinev,

Sinev asked for one sample of two Pleces of steel whicl had been velded and
used in the sodium heated steam generator. There was one welding job which in-
volved velding of 75 tubes in one conduit, which is admittedly a difficult task
eince each tube has to be welded individually. The Soviets vere intrigued by
this and asked ¢ multitude of questions concerning the pro-edure we used to
make the welds,

The Soviets were also interested in anything available concerning the con-
$truction of the Plitonium Fabrication Facility and particularly the construction
of the building. "inev said that the Soviets are getting ready to comstruct a
similar facility. This indicated that previous plutonium febrication had been
done in the weapons laboratory as it had been done in the U. 5. but the Soviets
are apparently novw ready to construct a research facility as we have here.

Liquid Metal Research Buildim
R. €. Vogel

The Soviet Group visited the Liquid Metal Research Building and were pro-
vided vith a short briefing on the scope of our work. They seemed interested
in most aspects of powder metallurgicel development. They were specifically in-
terested in the volatility processes and asked a number of questions which re-
lated to this subject. Sinev asked what vas being done in the p{lot plant, what
scales of temperature were experimented with, and those processes being tried in
the pilot plant.

The Soviete were shown a five hundred-pound tungsten crucible which vas “e-
signed and built herc at the laboratory. Not one question vas raised by the
Soviets concerning the crucible which was surprising since it vas felt that the
Soviets did not possess anything like {it.

The Soviets were quite interested in the Model 3 master slave manipulator,
Chairman Petrosyants had to try the operation and every Soviet in the group took
& turn at operating it. The Soviets also expressed interest in the process of
direct conversion of heat to elactricity.
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DRESDEN NUCLEAR POWER STATION
TUANKSCIVING DAY --lNovember 28

The visiting group wvas assembled in the Dresden Station Exhibition Building
feo lectures on the plant costs, operating experience, and equipment operation.

Key officlals participating as hoste, leaders or spokesmen included: Murray
Joslin, Vice President, Commonvealth Edison; H. C. lioyt, Plant Superintendent,
Dresden Nuclear Power Station and C. B. Vitek, Assistant Plant Superintendent,
Dresden Nuclear Power Station.

A movie wvas shown entitled "Inside the Dresden Sphere.” This movie shows
the fueling operation including reactor head removal, removal of turning vane,
fuel handling and equipment, the loaded core, and replacement of reactor turning
vane and head. The movie vas made during the initial core loading when all equip-
ment and fuel were handled "dry."

After the movie was shown, the visitors were divided into twe groups. Each
group toured ihe following areas: fuel building vieving gallery, access control
building wvhich contains the "hot" and "cold" chemical laboratories, administra-
tion bullding, inside the sphere on elevation 529' and elevation 565', turbine
room (walked past the turbine), condensate pump room, west auxiliary bay which
contains the make-up demineralizer, emergency diesel generator, 480 V. equip-
ment, exciters and small pumps, primary feed pump room, control room; each
group returned to the Exhibition Building to \‘ew models of plant, control rod
drive, control rod, fuel, core, fuel handling equipment, and model of recirculating

loop.,

General "bservations

Questions vere asked about the methods used to process our make-up and waste
water and our experfence with resins.

The party vas informed that we used full flow demineralizers on the feed-
vater golng to the primary system (reactor, primary drum and recirculating loops),
demineralizers for make-up vater, demineralizers for a emall clean up loop on

the primary system, and & demineralizer to reprocess radioactive water for re-use
A8 make up.

They asked 1f the clean-up demineralizer was operated periodically or con-
tinuously. We answered "Continuously."

They were also told that the condensat: demineralizer resins were regenera’ ad
using acld and caustic solutions.

They asked how we made a seal on the in-core instrumentation at the reactor
vessel head. We explained that all tubes of an in-core string vere seal welded
Lo a single connection and this connection was held tight by a threaded cap.

They asked hov the seal was made on the reactor head. We explained that we
used two silver plated "0" rings which fit into grooves machined in the vessel
and head flanges.

A great deal of interest was shown in the make-up deminerslizers and Mr.
Sinev stopped here to ask how the demineralizer worked. He was told that the

-l“J.



tanks contained anion and cation resins that removed the positive and negative
hardness ions dissolved in the water. He was alsc told that the system was op-
erated automatically.

In the control room #r. Sinev concentrated on the layout of the graphic
panel. The four recirculating loops and equipment were described. Mr. Sinev
then mentioned that they have a reactor with six recirculation loops. He also
asked how ve place a recctor recirculation loop in service without introducing
cold vater to the reactor. We told him ve had a small 1/2" warm up line used
to preheat each locp.

A fev of the men vere quite interested in the in-core monitoring system.

We were quite surprised at the general lack of interest in the control room
instrumentation other than the reactor operation area.

Mr. Sinev mentioned that they were building a 100 - 200 MWE nuclear plant
and wvould be ready for startup soon.
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ENRICO FERMI NUCLEAR PLANT
FRIDAY, November 2¢

The visiting group essembled at the Information Center for an orientation
briefing. Key officials and staff members acting ae hoste, leaders and spokes«
men included:

The Detroit Edison Company
Walker L., Cisler, President
Harvey A. Wagner, Assistant Vice President
flarvey £. Bumgardner, Assistant to the President
Atomic Power Development Associates Inc.
Alfred Amoroei, Technical Director
Wayne H. Jens, Assistant Technical Mrector
John V. Morebito, Head, Design Division
John G. Yevick, Projects Administrator
Power Resctor Development Compeny
Jobn F. Anderson, Assistant to General Manager
Clarence H. Clark, Plant Superintendent
Robert W. Hartwell, General Mansger
Walter V. McCarthy, Jr., Assistant to General Manager

Folloving the briefing, which included discussions on results of nuclear testing
to date, general operating experience to date, equijment performance and future
plans, the visiting Soviets were escorted through th: reactor building, fuel
and repair building, steam generator building, control room, and turbine -gener-~
ator building.

General Observations

Chairman Petrosyants asked for further explanation on the sodium worth ex-
periments. le wanted to know specifically if we had encountered bubbles in the
sodium used.

Kazachovekiy asked what is the B-10 enrichment in the control and safety
rods? "You talk about using Stellite. Where do you use such material and what
Other surface preparations have you used in the sodium system?"

Sinev asked how is double containment supported in the primary system.
Noting that double piping was uced in the primary system, he asked why wasn't
double piping used in the steam generators.

Fonomarev-Stepnoy showed a great deal of interest in the gas-cooled reasctor
and felt that the graphite-moderated reactor is better than the DyO-moderated
one which they now have. He felt that the Peach Bottom design in which the gra-
phite is mixed with the fuel is an important advance,

During the tour, Chairman Petrosyants and Kazachkovekiy asked questions re-
garding the cperation of the various componente. These did not indicate any
particular area of interest. They were the type of general question which any
technicelly-trained person would ask. Numerous operators had assembled in the
control roam out of curiosity. Chairman Petrosyants vanted to know why 80 many
oOperators were needed to run the Fermi Plant. I explained they were assembled
more to see the Chairman of the Soviet Atamic Energy Commiesion rather than to
Operate the plant. Kazachkovekiy asked about the very sharp bends in our steam
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generator tubing.

Afrikantov seems to be a very capable mechanical engineer with a clear under-
standing of the problems of building a sodium. cooled plant. We discuesed the
operstion of BR-S and compared the difficulties we had encounterad at FPermi with
those BR-5 has experienced. Afrikantov volunteered that 1t would certainly be
helpful to have more extensive discussions with groups such as ours. Of this
delegation most of the pertinent fast reactor questions were asked by Kazachkov-
skiy and Afrikantov.

Sinev asked many questions about minor details which had been covered
the presentation and vere included in the written material made available. Sinev
was the man who seemed to be most intrigued with the hangers used for supporting
the primary coolant piping.

In response to questions regarding the 50 Mw prototype, Chairman Petrosyants
and Afrikantov both indicated that the resulte of work on BR-5 had made this
construction unnecessary. This is the same type of answer Afrikantov g&ve Quring
the Vienna discussions in June. I personally gained the impression that there
i# & program change in the Soviet Union; one that may be dictated by money con-
slderations and also by the slowness with which technical information has been
developed.
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IV-BIOGRAPHICAL INFORMATION AND
PERSONAL CBSERVATIONS ON SOVIET VISITORS

The biographical information set forth below wac obtained from & number of
sources and while it 1s reasonably current, it may be incomplete in many respects.
For the most part, the personal observations listed were reccrded by Mr. Joseph
lewin of OMNL who accompanied the Soviet delegation tl.roughout the entire tour
&f one of the interpreters. Because of his language capebility, Mr. lewin had
many opportunities to engage the Soviets in informal discussions.

PETROSYANTS, Andronik Melkonovich
Current Position: Chairman, State Coomittee for Utilization of tomic
Energy USSR, Supreme National Economic Council
1962-63

Background and
Education: Born 6 May 1906, Ordzhonikidze, RSFSR; graduate of
Ural Polytechnical Institute, Sverdlovek 1933

Career: Deputy Minister, Minisetry Medium Machine Building
195562

Remarks : Said to be & mechanical engineer by profession,
Petrosyants' background haes been in the armaments
irdustry. He has been a vocal proponent of peace-
fal development of atomic energy and of international
cooperation in nuclear research. He and Glenn T.
Seaborg, the Chairman of the U. S. Atomic Energy
Conmission, eigned a three-year agreement providing
for a cooperative program in nuclear studies and
for U. 8.-Soviet exchanges in the field of atomic
energy, during the latter's trip to the Soviet Union
in May 1963. He has been a member of the Communist
Party of the Soviet Uaion since 1932.

Honors ; Avarded the Order of Red Star in 1942 and 1943 for
exemplary fulfillment of government tasks ia pro-
duction of tanks, tank diesel engines, and armored
tank hulls; awarded the Order of Kutuzov, first
class in 1945 for successful fulfillment of tasks
of the State Committee on Defense in production of
tank armored bodies, self-propelled artillery and
tank aggregate units.

Personal Obeervations

A tough incisive administrator of limited technical depth, interested prin-
cipally in econoudcs and efficiency’ probably an inner party man and member of
the Council of 'Anisters of the USSR (dating at least from April 25, 1962).

Mr. Petrosyants is a very personable, cheerful man; one who operates smoothly.
He vas flexible to all changes encountered on the trip. He controlled the mem-
bere of his party very nicely, seemingly in a friendly manner, except that Mr.
Sinev alvays managed to be late. Some of his questions indicated that he had a
fair technical knowledge of certailn aspects of reactor design but most of hie
questions vere of policy nature.
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SINEV, Nikolay Mikhaylovich
Current Position: Deputy Chairman, USSR State Committee for Utiliza-
tion of Atomic Energy, Supreme National Economic
Council 196163

Background: Born 10 December 1906, Vysokoye, USSR; Doctor
Technical Sciences

Honors : Avarded State (Stalin) Prize, second claes in
1942 for improving the designs of heavy tanks

Personal Observations

Einev vas educated and vorked until 1941 in Leringrad. He worked on experi-
mental turbo-jet aircraft engines of 4500 1b. static thrust until 1941 when he
was seriously wounded by an aerial bhamb. After evacuailon from leningrad and
recovery, he vorked on heavy tank production in Siberia throughout the war. He
has been in vork related to nuclear energy since sbout 1947, Chief present
interest is in power reactors and selection of one optimum system for wide-
spread utilization under USSR conditions.

A varm, somevhat coarse, friendly individual, subject to some human
frallties but of remarkable physical vitality.

lie studied American nevspapers avidly and di1d not avoid reading editorials
that were critical of the Soviet Union. He is considered a pleasant person,
probably an outer party man and in terme of political conviction, & pragmatist.

It wvas Sinev, who, the day after President Kennedy's assaseination, rose
at dinner and from memory recited a most appropriate selection:

"Say not that he has died - he lives!
Though the chalice be broken,

The flame still flares;

Though the rose ie plucked,

It ctill in color bloams;

Though the harp is smashed,

The chord rings on."
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ARTSIMOVICH, Lev Andreyevich
Current Position:

Background and
Education:

Career:

Scientific
Specialties:

Travel:

Honors :

b6

Member, Institute Atomic Energy imeni I. V. Kurcha-
tov, Academy of Sciences USSR, Moscow 19hL.£3 (Head,
Controlled Thermonuclear Kesearch 1998-01; Head,
Plasma Research Department 1962-63); Member, Moscow,
Moscow State University imeni M. V. Lomonosov 1955«
£3 (Head, Chair Atomice Physics and Electron Phe-
nomena 1955+5C); Academician-Secretary, Department
of General and Applied Physics, Academy of Sciences
USSR 1963

Born 25 February 1909, Moscow; graduate of Belourus-
sian State University imeni V. I. Lenin, Minsk;
Doctor Physico-Mathematical Sciences

Elected corresponding member of the Academy of
S:iences USSR in 1946; elected active member of the
Arademy of Sciences USSR in 1953; Member, Presidiunm,
Academy of Sciences USSR 1057-62; Academician-Sec~
retary, Department .° Physico-Mathematical Sciences,
Academy of Scilences USSR 1960-01

Nuclear Physics; controlled thermonuclear reactions;
cosmic electrodynamics; plasma physics; electromag-
netic wave pencils and light raye for space com-
munication; electronic optics; theory of chromatic
sberrations of the electron optical system; radia-
tion losses in the betatron; shock; x-ray quanta;
Ligh-energy electrons; Bremsstrahlung effect; pulse
diacharges

Attended the Symposium or Electromagnetic Phenom-
ena in Coeuical Physics, Stockholm, Sweden, August
1957; attended Fifth International Conference on
Ionization Phenomena in Gases, Munich, West Germany,
August 19C1; attended Conference un Plasma Physice
and Controlled Nuclear Pusion Research, Salzburg,
Austria, September 1961; attended Tenth Pugwash and
Ninth COSWA Conrference of Science and World Affairs,
London, United Kingdom, August 1962; attended Con-
ference on Low Energy Nuclear Physics and Meeting
of the Chulham Laboratory Study Group on Plasma
Instabilities, Harwell, United Kingdom, September
1962; attended Meeting of the Scicnce and World
Affairs Continuing Committee, London, United King-
dem, February 1963; attended Eleventh Pugwash and
Tenth COSWA Conference of Science and World Affairs,
Dubrovnik, Yugoslavia, September 1963

Awarded Lenin Prize in 1958 for research into the
problem of obtaining high-temperature plasma by
means of powerful discharges into gas; reportedly
von State (Stalin) Prize in 1953



Personal Observations
M

A wan Of remarkable independence of thought, of amazing breadth of know-
ledge of history, a cynic with deeply repressed human, typically Ruseian, warmth
that occssionally can be enticed to show iteelf at the surface of the personsality.

In sddition to his eminence as & physiclst, he could well have become an eminent
hirtorian or philosopher.

Short)y after President Kennedy's assassination vas announced, Artsimovich
ves asked vhether he still thought that natural sciences were more important
than some science t» interpret and control human beings. He replied:

"If some such sociai science were possible, it would be most

important right now-<but human beings are unpredictadble and
human history is a series of random, illogical events."
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BOSOLYUBOV, Nikolay Nikolayevich

Current Poeition:

Background and
Education:

Career:

Scientific
Specialties:

Travel:

Personal ;

Honors :

Personal Observations

Heed, laboratory Theoretical Physice, Joint Insti-
tute Nuclear Research, Dubna 1956-03; Member, Mathe-
matics Institute imeni V. A. Steklov, Academy Sci-
ences USSR, Moscow 1949-62 (Head, Department Theo-
retical Physics 1949.60); Academician-Secretary,
Department ¢ f Mathematice, Academy of Sciences USSR
1903

Born 21 August 1909, Gor'kiy, RSFSR; Doctor Physi-
co-Mathematical Sciences

Elected active member of the Ukrainian Academy of
Sclences in 1948; elected active member of the Acad-
emy of Sclences, USSR in 1993; head, Chair Theoret-
ical Mechanics and Statistical Physics, Moscow State
University imeni M. V. Lomonosov 1953-60

Non-linear wechanics; kinetic theory of gases;
theory of superconductivity; direct methods of the
calculus of variations; relativietic quantum field
theory; asymptotic methods in theory of non-linear
oscillations

Head of the Soviet delegation to the International
Congress on Theoretical Physics, Seattle, Washing-
ton, September 1950; attended the following:
International Conference on Many-Body Problems,
Utrecht, Netherlands, June 1960; Tenth Annual Con-
ference on High Emergy Nuclear Physics, Rochester,
N. Y., August 1900; Tenth International Conference
on Applied Mechanics, Stresa, Italy, August 1960;
Eighth Conference on Science and World Affairs,
Stowe, Vermont, September 1901; National Academy
of Sciences Annual Meeting, Washington, D. C.,
September 1G61; Eleventh Intermational Conference
on Science ard World Affairs, Dibrovnik, Yugoslav-
ia, September 1963

Speaks English

Avarded State (Stalin) Prize, first clase ir 1946
for scientific works in the field of statistical
physics; awarded lenin Prize in 1956 for develop-
ment of nev methods in quantum field theory and
statistical phyeics which served as a substantia-
tion of the theory of superviscosity and che theory
of superconductivity

Academician Bogolyubov 1n the author of numerous scientific papers of which
il are indexed in Nuclear Science Abstracte alone for the period 1957-1961.

fie is a person of droad knowledge and thought but who, unlike Artsimovich,
is placid emotionally with all mental energies concentrated on sciencific questions.
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KAZACHKOVSKIY. Oleg Dmitriyevich
Cusrent Position: Member, Institute of Physice and Pover Engineering,
Obninsk 19L5-63 (Head Engineer, BR-5 Fast Reactor
1960-61; Deputy Director, the Institute 1963)

Background and

Education; Born 3 November 1915, lnepropetrovek, UkSSR; grad-
uate of Dnepropetrovsk State University imeni 300th
Anniversary of the Union of Russia and Ukraine 1938;
advanced study at Dnepropetrovek Physico-Technical
Institute, Dnepropetrovsk State University 19L1;
Doctor Physico-Methematical Sclences 1955

Career: Member, Moccow Engineering Physics Institute 1958.
€1 (A)uoclnu Professor 1955, Member, Chair Physics
1961

Scientific

Specialtiesn; Fast neutron reactors; atomic pover stations, eco-
nomics of nuclear fuel; BR-% reactor; thermal shocks
at the fuel-element jackets; plutonium; radiative
capture cross sections

Travel: Member of the Soviet delegation to the First Inter-
national Conference on Peaceful Uses of Atomic
Energy, Geneva, Switzerland, August 1959; attended
Fifth World Power Conference, Vienna, Austria, June
1956; member of the Soviet delegation toc the Second
International Conference on Peaceful Uses of Atomic
Energy, Ceneva, Svitzerland, September 1958; visited
Burma, Thailand, Indonesia, Ceylon, January-February
195G as one of a group of Soviet atomic specialists;
inspected atomic energy installations in the United
Kingdom, January 1960; attended inauguration of five
nev nuclear installations at Trombay, Iniia, January

1960

Honores: Avarded lLenin Frize 19.0 for participaiing in sci-
entific research on nuclear reactor physics using
fast neutrons

Remarks : Member of the Communist Party of the Soviet .on
eince 1943

Personal Observations

Kazachkovskiy 1s a person of restreined and gentlemanly manner, in the
Eritish tradition. He is, of course, well known for his work with fast reactors
and in many respects appeared to be the most versatil: member, at least in tech-
nology, of the entire delegation.

He was willing and able to converse on a vide variety of subjects, including
literature, aviation, the War, automohiles and old American comedians like Buster
Keaton and Harold Lloyd. He had been in the artillery through the entire battle
of Stalingrad end remembered well the "Boston" airplanes given to Russia by the
United Statee (Iouglas B-26 twin-engined bombers ).

k9.



AFRIKANTOV, Igor' Ivanovich
Current Position: Scilentific Consultant, USSE State Com ittee for
Utilization of Atomic Energy, Supreme Futional
Economic Council 196003

Background: Born 21 September 1910, in Pushkarka, Gor'kiy
Oblast, RSFSR

Scientific

Opeclalties: Co-author of an article on the nuclear ice-breaker

"Lenin", published in 1958

Travel: Visited Norway in May 1958 at the invitation of the
Institute of Atomic Energy; attended Second Inter-
national Conference on Peaceful Uses of Atomic
Energy, Geneva, Switzerland, Sejtember 1958

Personal ; Was a delegate to the 22nd Party Congress, CPSU,
October 1961

Personal Observations

Afrikantov s also Professor >f mechanical engineering at the Gor'kiy Tech-
nical Institute. Formerly group leader in charge of deeign of reactor and equip~
ment installaticn in icebreaker "Lenin".

Spent World War II in defense work in the city of Cor'kiy.
Intrinsically a gay, friendly individual with great interest in the U. 8.

and the American way of life, but apparently one of the least pclitically in-
formed members of the delegation.
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YAKOVLEY, Grigoriy Nikolayevich
Current Position: Head, Radiochemical laboratory, Scientific Research
Institute Atomic Reactors, New Melekess 1963

Background ; Born 16 December 1914, Rostov, RSFSR

Career: Member, Institute Atomic Energy imeni I. V. Kurcha-
tov, Academy Sciences USSR, Moscow 1957

Scientific

Specialties: Separation of plutonium and neptunium; preparation
of thin films of transuranium metals by electro-
lytic method; nuclear epin and magnetic moment;
chemistry of americium; methods of remote control
in rediochemical laboratories of the USSR; radio-
chemistry; ion exchange method; spectrophotometry

Travel: Member of the Soviet delegation to the Second Inter-

national Conference on Peaceful Uses of Atomic
Energy, Geneva, Svitzerland, September 1958

Fersonal Observations

Radiochemist in charge of chemical separation of isotopes and the transur-
anium laboratory at New Mclekess; author of many scientific papers on chemical
separation of elements.

Yakovlev is a veteran of the sleg~ of Leningrad in which he was seriously
vounded early in the war. He is & qui mild mannered man who seems to be
totally absorbed in the science and tes ‘ogy of chemical separations. He
d1d, however, display an avareness of tu . - slitical vhen he mentioned the
following:

"After Dr. Seatorg's visit to New Melekess ve received a large group of
the so-called 'democrats,' from Czechoslovakia, Hungary, Germany, etc. They
felt that if we showed New Melekess to the Americans we had to show it to them
also. Well, one from Czechoslovakia got so drunk that when they took them for
& ride on the hydrofoil shipe along the Volga, he fell off and was drowneAd.
You can imagine the fuss that created."
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PONOMAREV -STEPNOY, Nikolay Nikolayevich

Current Poeition:

Background:

Scientific
Speclalties:

Travel ;

Personal Observations

well.

.5?.

Member, Iustitute Atomic Energy imeni I. V. Kurcha-
tov, Academy of Sciences USSR, Moscow 1961<6 3
(Deputy Head of a Section 1963)

Born j December 192%, Pugachev, RSFSR

Design of power reactcrs; fast-neutron flux; tem-
perature of a fuel element; reactor zone profiling

Member, Soviet delegation vieiting atomic sites in
England, May 1951; member, Soviet delegation vieiting
scientific research institutes in the Cerman Demo-
cratic Republic, December 1061

Group leader in reactor core design at Kurchatov Institute. Author of a
number of papers on core design.

The youngest member of the delegation, he appeared to be the happiest as



RATNIKOV, Nikclay Timo.eyevich
Current Position: Head of & Section, USSR State Committee for Utili-
tation of Atowm'c Energy, Supreme Netional Economic

Council 1963
Background: Born in 1920 in Gorokaovets, RSFSR
Travel: Attended Burop.an Organization for Nuclear Research

(CERN) Symposium on High Energy Accelerstors and
Pion Physics, Geneva, Svitzerland, June 1956; ate~
tended Second International Conference on Peace”
Uses of Atomic Energy, Geneva, Switzerlend, Septem-
ber 1958

Personal Observation

Asslstant to Chairman Petrosyants, with exact duties and responsidbilities
not clear; echibits a great knovledge of personnel in the Soviet nuclear energy
program with details of their location, recent transfers, state of health and
current scientific tasks. Ratnikov has traveled more widely in the Soviet Union
than any other member of the delegation except, possibly, for Mr. Petrosyante.

Ratnikov was in the battle of Stalingred and alluded to other treumatic ex-
per.ences but which he d1d not explain.

He was the only member of the delegation *o voice dogmatic opinious about
the U. 5. and to exhibit the preconculved notisns about stereotyped "monopolists,”
"profiteers," "suppressed vorkers," etc. He exhibited, at timee, extreme ner-
vous tension.

Although he was clearly the least qualified and least educated member of
the delegation he nevertheless seemed to command & comparable income. Although
his manners were boorish and his sperch coarse, he nevertheless did shov some
friendliness and appreciation toward the end of the trip for the reception ac-
corded him in the U. 8.



BELOV, Anatoliy Ivanovich
Current Position: Reviewer and Interpreter for USSR State Committee
for Utilization of Atomic Energy
Background: Born 10 August, 1930, Gzhatsk, USSR

Remarkes : Served as interpreter for the Soviet delegsation.
No further information available

Personal Observations

An energetic, friendly young man with an apparently sincere desire to im-
prove Soviet-American relations.
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REVIN, Valentin A
" Current

Background:

Scientific
opecialties

)

Personal Observations

Revin
J tates and

WaB One 0. Lhe
studi-~4 {n 1

He 1s a friendly,
nited

States

Fosition

ps

gentlemanly

Third Secretary, “~ientific
Bubassy, Washington, D
Tune 1%

Division, Souviet
assumed his position

]
an

Born September 10, 1932; married

Two articles written by a man by this nane

"The determination of the Separation Factor for
Lithium Isot in Ion Exchange' "The deter-
mination of the Height Equivalent to the Theoret-

pes

ical Plates in Counter-current Ion Exchange'
Authored this article in 1901 at the Moscow Cheni -
cal Institute imeni D. I. Mendeleev

rst exchange studente from the USSR to the United
| at the University of California.

person apparently well disposed toward the



V. TECHNICAL IMPRESSIONS

The technical impressions set forth below are general in nature and are
included as a supplement to the information provided in the preceding sections
which was largely developed from obeervations submitted by individuals assigned
a4t the atomic energy facilities visited.

Nicolail Sinev told Dr'. Frank Pittman, Director, Division ¢f Reactor De-
velopment, that the principal consideration in Soviet eccumic analyses at
this time is capital investment, which murt be kept ts an absolute minimum
fn the nuclear energy field because of vast competing demands. Thi. was,
of course, stated in another way by Chairman Petrosyants in his speech at
New York on November £9, in which he pointed out that the Soviet Union hae
both fossil fuel and hydroelectric resources for power production that are
in competition with nuclear energy for the limited available investment capi-
tal.

The folloving pointe appeared to be the areas of keenest technical in-
terest to the Soviet visitors:

1. The most economic single system for power production and the eco-
nomics of converters and demonstration reactors

The anticipated doubling time for fust breeders on the U238-Pu239
cycle

L

i, Technical innovations that pe mit a lessening of capital costs
as vell as operating costs

4. The use of advanced computers and sutomated data analysis systems
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Powver Reactors and Breeders
M

There appeared to be considerable discussion among the vieitore about the
reasons for comstruction in the U. 8. of "unprofitable" reactor power stations.
To some extent the conditioning of Soviet citizens to expect "private" companies
Lo operate only for reasons of "profit" was no doubt respongible for the doubts
e .pressed about the 8ccuracy of information presented. As & result the visitors
frequently repeated questions. It Gppeared that in every case they were flaally
cunvinced of the reasons for a project and of the rationality of those reasons
under American conditions.

Kazachkovekiy told Dr. Pittman tist Soviet expectations are for a bres
ratio of 1.50 and a plutonium douvling time of about eight years in a fast,
1"238-Puz39 breeder. Tals, of course, was in sharp contrast to Dr. Pittman's pre-
diction of breeding ratios of 1.20 and doudbling times of 18 to 20 years., It
may be wishful thinking on the part of Soviet engineers, but the strong impres-
6ion vas created that they woula itike very much to aveid construction of any
large number of converters and proceed directly to breeiing at a rate sufficient
for their anticipated growth plans.

In an article in "Atomnaya Energiys," in late 1961, Leipunskiy, Kazachkov-
skiy and Pinhasik gave some figures for a 750 Mw(th), sodium-cooled fast reactor
“under dnsign” in the Soviet Union. Sinev repeated that such a station is "in
the works" and "will be built" and that breeding will be attempted. However,
Sinev mentioned a thermal pover of 1000 Mw.

Sinev, although he Epoke a good deal on many topice, often referred to his
preference for sodium-cooled eystems. The entire delegation seemed to show the
liveliest interest in all details of sodium technology from heat exchanger de-
8ign to costs and inventories of sodium. By contrast, boiling water and pres-

surized vater syotems seemed to arouse the keen interest of only some of the
visitors.

It was also obvious from remarks made by the vieitors, as well as from the
Soviet literature, that the pover stations under construction in Czechoslovakia

and East Geruany are to a substantial extent Soviet projects and therefore aiad
to Soviet reactor experience,

Sinev mentioned that consideration of such huge power blocks, as outlined
by Dr. Weinberg in his discussion of desalinization reactors, was simply a lii-
tle beyond Soviet interests at the mament. He spoke of 500 Mw(e) as an opt innm
for the Soviet for a number of years to come. As to desalinization, the turning

of the Northern Rivers ( Pechora, Pechenga, etc.) would probably have to come
first.

Sinev also mentioned attempte to simplify sodium technology by use of
"electron beam heating" rather than resistance heating.

Technical Innovations and lhl!e Details

Chairman Petrosyants was keenly aware of technical details that appeared
to him to be different from Soviet practice. e incessantly questioned membere
of his own delegation about such differences wi.h emphagis on the relative coste
of alternative technical 8olutions to a problem. Members of the Soviet delega-
tion were thus at times on the defensive. At other times, individusl mewbers

seemed anxious to point out equipment that they felt they needed but had not
been granted.



Oinev once sald: "When we come to our comptrollers with a request for funds
for some item, they say, 'The Americans don't even have such & convenience as

yet. V¥hy then are you asking for 1t?' Now we can say that we have seen it in
America."

‘me number of such technical details that arous~d interest and comment was
quite large. Amoag them were the folloving:

Small-diaphragm-operated valves that controllec sodium flow in the Alkali
Metal laboiratory at Brookhaven National laboratory. The queetions here were
rether typicali for many similar cases: "Were the valves manufactured at Brooke
haven or supplied by the vendor? How long does it take to obtain such an item?
What 18 the cost? What materials are used?” The only unusual features of the
valves in question were their small size and the apparent fact that while the
valve controllers, diaphragns and stems vere of standard vendor manufacture, the
valve bodles seemed to be of special design, thereby making a hybrid assembly.
This apparently did not get by the visitors' eye for technical detsil.

The lining employed on the inner valls of plutonium and transplutonium ele-
ment processing chambers caught Chairman Petrosyants' farcy. He vas fairly
agitated by the contradiction betveen Soviet practice of lining such chambers
with expensive stainless steel and the alternative sYown at Argonne National
laboratory of a layer of vinyl over a base coat of epoxy resin. The chipping
avay of some of the vinyl and epoxide did not help him resolve the contradic-
tion. It was, however, interesiing to note that he quickly detected crevices
that had not yet been covered over ani could ther:fore have become collection
points for radiocactive matter that would be difficult to clean out.

The entire question of safeguards against fire and radioactive contamina-
tion seemed to puzzle the visitors. The concensus seemed to be that their "fire-
men" and "dosimetrists" would not allow same of the materials found in American
"hot iubs." By contrast, the use of hardhats, not used in the Soviet Union,
aroused some humorous comment. All the visitors, however, secmed to feel that
the use of hardhats is justified.

The radio-controlled carts in the "hot lab" at Argonne aroused comments of
admiration as did many of the auxiliary hendling devices seen on the trip. Much
admiration was expressed for the finish put on such mundane things as pipe in-
sulation, pump, motor and turbine housings, as well as offices and laboratories.
"Your offices are full of things, and somehow gay," sald one of the visitcrs;
"Ours are somehow emptier and more somber."

There was a great deal of discussion between Chairman Petrosyants, Yakovlev,
Kazachkovskiy and others about the darkening of leaded glase. There seemed to
be some confusion about cerium in the glass that the visitors use. Some said
that their glass alsc contained cerium and still darkened while someone seemed
to say that cerium content was not controlled. This discussion began in Oak
Ridge at the Fission Product lLaboratory and continued at the Hi-lLevel Isotope
Source laboratory at Brookhaven. Yakovlev, at one point, began to discuss his
experience with glass darkening but was restrained by Chairman Petrosyants. The
impression vas created that they have not had sources as intense as the source
at Brookhaven, but that they have achieved the integral doses of & x 10° rads to
glass over much longer periods of time than that required at Brockhaven. Either
there is a time effect ior darkening or Soviet leaded glass has contaminants
“hat darken 1t with increasing integral dose.

The Soviet visitors exhibited a high degree of interest in filtration problems
and purity requirements for both gases and water. The wide variety of air
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{iltration materials available to Americans seemed to confuse the issue, espec‘ale
ly since in the short time available 1t vas difficult to interpret tbe fine difr-
ferences between the various 6tages of filtration and the filter materials. The
visitors seemed quite anxious about this and at one of th: Idaho facilities their
requests for some samples of the "total filter" prod. ced some irritation in the
host.

T™e Sclaki electron beam welder shown to Kazachkovskiy and Ponomarev-Step-
noy at Ames labcratory aroused their interest as it w:11 might arouse the in-
terest and admiration of any American. Ponomarev.-Stepnoy said later that elec-
tron beam welders existed in *he Soviet Union, as they no doubt do. However,
the striking difference in the avallability of technical innovations was per-
haps epitomized by a subsequent discuesisn in the bus. Sald one of the visitors:
"Our people knov all about thie." "They know, they know," said one of his
higher placsd compatriots, "but they don't do." The rapidity with wvhich private
companies seize upon technical innovetions In the Umited States and transform
them into readily available commercial items is Wwidoubredly very impreseive.

The plutonium fuel rods and fertile material rods, with the remote facilities
for canning and uncanning ehown at Idaho and at Argonne, arcused the Leen ip-
terest of the visitors. "See!" said Chairman Petrosiants to Kazachkovskiy.

In addition, the visitors vere keenly avare of t!- -arious fuel poesihill-
ties, such as uranium menocarbide, ligquid urantam alloys and uranium vapors,
and of all the difficulties produced by radiation damage .

ters

The digital computers and their attendant automatic data input, printou’ and
dieplay systems that we saw at Brookhaven. Berkeley and Argonne invariably aroused
the keen interest of the visitors. Kazs~ ovekiy and Ponomarev-Stepnoy, as well
as Bogolyubov, seemed well acquainted vitn the features of cumputers and their
potential uses. The comments, however, imparted the impression that in the Soviet
Union such sophistication in camputers was not yet available.

At one point Ratanikov cormented, "That is why we have Academgorod. This
vill be our computer center.” Fs was referring to the nev "science city" at
Novosibirsk.

One curious dispute occurred among the visitore at the IBM 7094 computer at
Brookhaven. The rate of Operations for this machine was given as an average of
80,000 arithmetic operations/minute. Afrikantov asked of his group the rate a-
chieved by the M0 Soviet computer. A curious dispute follcwed in wvhich Mr.
Petrosyants insisted that the M20 could perform 20,000 operatione /minute while
several of the visitors maintained that the M20 really operated at a rate of
8,000 to 10,000 operations /minute.

The CDC-3600 high speed machine shown at Argonne aroused great admiration
among the visitors, particularly Kazachkovekiy and Ponomarev-Stepnoy. The
scanner mesh of L09% x L096 aroused the attention of Kazachkovs:ly who was im-
medietely conscious of the fact that this mesh density was almost equivalent to
the discriminating povers of tie human eye.

The hybridization of an analog computer with an IBM 704 shown at Argonne
alsc won words of praise and admiration for the technical initiativs and ingen-
uity involved.

An inference that is tempting to draw 1. that although people like



Kazachkovskiy, Ponomarev-Stepnoy, and of course Bogolyubov and Artsimovich, are
keenly avare of the potentials of computer systems and well acquainted wilh their
characteristics, they do not have available to then anything like the wealta of
equipment they sav in the United States.
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My

Mr. Chairan,
ladies and gentl.men!

Our delegation, the delegation of the USSR State Committee for Utiliza-
| Atomic Energy has been invited by the managing director of the

r of "Atomic
um” Mr. Charles Robbins t

attend your esteemed meeting and t«

report on the vork being done in the Soviet Union for the peace-
energ)

My task is made easier by
visited Yy the delegation

hosat
Noel

+
of the Atomic Energy Commission cf the USA led
nd the host of our delegation

he fact that half a year ago the Soviet Union

and

you knov the AEC delegation had an opportunity to vieit many of our re-
ers, conduct useful talks with many leading scientiets and thus

rather mprehensive information as t
atomic science d englineering. . y I believe that,

186 some problems of the development of nuclear power in

wi
e

neidering the composition of your Forum this will

the majorit f those present here.

£ E

Ui Bl

Role

general perspective of the rther development of electrification
*

the nuclear power holds a special place of its own.

ectly define this place and understand this problem one must pro-

genera! tasks and the present development of power industry in

is well known that in its Program adopted at the 22th Congress (in 1961
muunist Party of the Soviet Unjon has elaborated the plans for the develop-
viet power indusiry over a period of 20 years (1961-198

‘ogram envisages high tempoes of power production growth in the USSR

er produced will equal 520 billion Kwh;
billion Kwh;
billion Kwh;

reference

tal powver production im ) was 292 billion Kwh' 370 billion Kwh
#3 1t will be about 411 bdbillion Kwh.

fhus, 1t is planned that power production in the USSR will be doubled on
an average of every five yeurs This calls for the high rate of construction
and ¢ nissioning of new power plents.

whereas 1961 the capucity of the newly installed plant
1 ] bis Jigure will run 10 million kilowatts

11l equal 93 million kilowatts




In 1965 the to.al capacity of all pover station in the USSR vill reach
113 kilowstte.

A single~shaft 500,000-Kv turbine 1s to be installed in the Nazarovekays
pover station in Siberis and a doublt-shaft 800,000.Kv turbine within the Done
bass power grid in the Ukraine in 1965. Bolier uaits with appropriaste stean
capacity are being developed for these turbines.

The nev pover rtaticns are constructed out of large unite (bofler-turbine)
by standard projects, vith extinsive use of prefabricated reinforced concrete
structures; their capacities run up to 1 million kilowatts ard even higher.

All this makes 1t possible to cut down the capital costs on thermal pover
stations per one kilowatt of nevly installed capacity, the fact tiat has to be
reckoned witl by all of us, vorking in the field of atomic pover. However, this
is not enoug. .

As you know hydro-pover stations, largest in the vorld, vith a capacity of
2.5 and even 5 million kilowatts each are also being constructed in the USSR
(ar. Biatek, Krasnoyarsk and other places). The Krasnoyarsk hydro-pover station
vill have 10-12 turbo-generstor units each rated at 500 megavatts and above.

The power industry of the Soviet Union is characterized by continued uni.
floation into large pover systems alming at creation, in the nearest fuiure,
of country-vide pover grid. For instance, the unified pover grid covering the
Buropesn part of the USSR sccomplishes parallel operation of 50 local power sys-
teme vith & total capacity of more than 36 million kilowatts. The pover stations
of the ceatral districts in the Urals and in the South of the country a.e inter-
connected by powerful transmission lines with a voltage of 500 kV. The first
part of & D. C. trensmission line with a voltage of 800 kV betveen Volgograd
and Donbase v« .ending over 375 km was commissioned in 1962,

The foviet Union is w«tremely rich in organic fuel (conl, oil, gas, peat)

and in hydro~power sources. For hund.eds of Years L0 come we are not threatened
by fue) hunger.

However, lue to the non-uniform dist .bution of f.el resources over various
reglons of the country and considering the fact that the most economical and
cheapest coals ere located in the East, ever increasing amounts of fuel will
have to be brought to the Buropean part of the USSR *rom distant places and
superdin ant high-tension transmission lines will have to be built on an ever
groving scale from Siberis and the Middle East in the coming twenty years and,
especially, after that period.

Under these conditions ..e development of atomic pover industry in the Buro-
pean part of the USSR offers particularly promising resulte.

Moreoves, the Soviet Union has & number of vest remote areas in Siberia,
Far East and Far North where the ower grids vill not reach and vhere the trans-
portation of fuel is Gifficult aad costly. Therefore from the technical and eco-
nomic point of viev these areas are highly suitable for widescale employment of
atomic power stations of lov and medium capacity.

The use of small and medium atomic pover plante in the remote and Arctic

regions of the country will play an important role in the development of natural
resources, in the further growth of the national economy in the Far North of
the Soviet Union.

63



With the tempoes of the pover industry growih vhich have been achieved so
for and are plauned for the coming twenty yea™s the atomic power industry,
vithin & certain period of time, vill merely supplement the conventional pover
sources vhere this is econouically varranted, but the basis of the Soviet power
industry vill, for a long time, be Jormed vy large thermal stations using organic
fuel and by hydro-pover stutions.

Nevertheless, ve aim at creating such atomic powcr !ndustry vhich, in the
coming ten years, will be more economical, at leani for the conditions existing
in the Buropean part of the USSR, than thermal statioqs ueing expensive Doubass
coal or other types of fuel brought from faroff placer o1 the energy delivered
by means of superdistant transmission lines.

To achieve this, two basic conditions mist be fulfilled:

1. The atomic pover must be developed on a large scale; this implies
development, selection and continuous lmprovement of not more than
tvo types of the most efficient reactors on vhich the serial yroduc-
tiun and construction will be based.

¢+ Cons'dering the progress of the conventional large-scale power industry
vhich has been scored up to nov and which is envisaged for the future
the atomic pover stations in the USSR will apparently be competitive
only Af they employ large reactor unite (sbove 500 M{) which provide
the total capacity of about 1600 MW and above.

The economic analyeis of atomic pover stations shows that the specific
capital expenditure for production of one kilowatt of electric power in an stomic
pover station can not be discussed absolutely or camparstively without considering
the capital expenditure involved ' the fuel cycle (extraction, metallurgical
treatment, {sotopic enrichment, regeneration, manufacture of the fuel element,
disposal of waste),

Likevise, when making comparisons with a conventional thermal power station
consideration muat be given not only to the capital expenditure on the station
proper but also on the fuel supoly and traceport. Economic celculations make
it clear that in certain regio. s of our country the cepitil expenditures on fuel
tyele for atomic pover stations are considerably belov (b, 5 or three times)
the capital expenditure on the fuel supply of conventional pover stations.

The beginning of the practical peaceful use of nuclear pover was marked by
the commissioning, on July 27, 1954 of the ateulc power station, first in the
vorld, in the town of Obninsk. This station vas equipped vith u vater graphite
reactor. Now as before this station serves a8 an experimental base for carrying
out various physical and nuclear research, particularly into such problems as

the nuclear superheating processes, water boiling in heat-transfer passeges and
80 on.

The experience gained from this first station wae used in designing the
reactors for the Beloyarsk atomic pover station named after I. V. Kurchatov,
nov under construction in the Urals. The firet reactor of this station with an
electrical capacity of 100 MW, the so-called resctor AMB-1, went critical on
September 3, 1963 and at present is at the physical start-up stage. The opera-
tion at power will begin at the end of Decembe: of this yeer and the practical
employment of this reactor, in which nuclear superheating of steam (up to 510°¢C)
w11l be used on & vide scale for the first time, will start from 196k,

The second reactor of the Beloyarsk power station, AMB-2, with an electrical
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capacity ot 200 MW 18 nov being constructed and 1ts installation is to be com-
pleted in 1965. This veter-graphite resctor is & further improvement of Soviet
vater-graphite reactors of the channel type which first appeared in Juae 1954,
lue to the use of direct cycle the capacity of the second reactor of the Beloe
yarsk atomic pover station (AMB-2) 1s tv.ce a6 great as that of reactor AMB. 1
though 1t has the same dimensions and the same number of channels.

Specific features of remctors installed at the Beloyarsk power station
Are: channel-type design, vhich makes it possible to obtain practically any
desired unit capacities; safety with respect to contamination of the primary
cireuit by redicactive fission fragments (in emergencies ); nuclear superheating
of steaw which provides poseibilities for offective use of supercritical cone
ditions of steam at the direct cycle with large modern turbogenerators.

Before this year expires, or, to be more precise, at the end of November
of this year, the physical start-up of the first unit in the Novovoronezh atomic
pover station is to begin. The pressurized water-cooled vater-moderated reactor
of thie unit has electrical capacity of 210 MW. The construction of the second
unit rated at 360 MY will begin at this site in 190k,

The design and physical research carried out 12 our country suggests the
possibilities for considersble improvement of vater-cooled vater-moderated re-
actors, further increase of the pover output of one unit, lowering of the cost
and raleing of economic indices.

The Research Institute for Atomic Reactors (in Melekess ) under the USSR
Otate Committee for Utilization of Atomic Energy 1s nov building an experimen-
tal atomic pover station with a water-vater reactor of the bolling type (VK-50)
rated at 50 « 70 M. Provisions are made for checking operation both with
direct and vith dual cycle of steam generation. We plan to complete the cone
struction of this station in 196k or 1965,

The Soviet Union cooperates with the German Democratic Republic in con-
struction, in the GIR, of a TO-megavatt atomic power station with a waters
vater reactor using elightly enriched urenium, and vith the Czechoslovakian
Socialist Republic in building the 7.rst atomic pover station in Czechoslovakia.
The type K5-150 natural-uranium reator to be installed at this station is rated
st 150 MW and uses heavy-vater moderator and o on-dioxide gas coolant, the
preseure in the primary cirruit being 60 kg/cm®. At present this wviation is
under construction in the Czechoslovakian Republic. We believe that this type
of reactor offers interesting and promising results.

Along with the construction of large atomic pover stations to meet the
pover requiremen’s of the remote regione in Siberia, Far Bast and Far North,
the Soviet Union develops and operates lov- and medium-pover atomic power sta-
tions vith various types of reactors: vater-vater, water-graphite and organo-
organic.

The organc-organic reactor of small unitized APS "Arbus" went critical
in June 1963 and in August of the same year the "Arbus" began to operate at full
design power of 750 Kw,

Mis installation 1s a small prototype of atomic power stations designed
for use in the Arctic and other remote regions of our country.

For convenient shipping and installation the entir equipment of the sta-
tion 1s divided into transnrortable units velghing from 6 to 16 tons.
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The lov pressure in the primary eircuit, the possidility of using the parts
made from carbon steel and small induced activity of the coolant along with the
provislons for continuous regeneration of the coolant suggest great possibili.
tiss for the use of this type of reactor in small atomic powver plants.

Iuring the recent years various testing and research reactors have been,
and are being built, in many physical research centers of the USSR in order to
80lve the problems posed by the progress of nuclear pliysics, reactor engloeering
and nuclear engineering. In particular, extensive vork is carried out on
vater-vater research reactors vith & therma) cupacity up to 10,000 Kw, equipped
vith beams, loops and other fecilities for research purposes.

Especlally notevorthy is a unique loop remctor 8M-  serating in the Re-
search Institute for Atomic Reactors in Melekess. This ctor is rated at
90,000 Kv, has neutron flux of . x10'’natroném ses md is u. 4 for the material
testing and for physical and engineering investigations. At present this re-

actor 1s unsurpassed in the vorld in the pover of the neutron flux.

Intensive neutron fluxes obtained in reasctor GM-2 make it possible to cone
Guet various research connected with the material testing and vith the nuclear
physics and reactor engineering.

An original fast pulse reactor (IBR) designed for the research work in the
field of nuclear physics has been in cperstion since 1960 at the Joint Institute
for Nuclear Research. In this reactor & dlec with uranium-235 rotating betveen
plutonium rods at a speed of 5000 r.p.m produces, several times a minute, high
Supercriticality on prompt neut ruulun‘ in the appearance of neutron

pulses vith a “lux as high ae 10'%neutron/cm“sec. This is virtually a neutron
vhirlwind!

A vast scientific and technical experience has been accumulated in building
pover reactors. The analysis of Soviet and forelgn designs of nuclear power
plants and of completed pover reactors now in operation shows that with every
type of thermal reactor-graphite-vater, water-water, graphite-gas or heavy wvater
there are wide possibiliti-s for further development and improvement, for in-
creasing the unit power and lovering the cost along with the methods of roughly
equalizing the cost of electric power production,

flovever, depending on its specific conditions and capabilities each country
makes 1ts own choice of one particular type of the reactor on vhich it bases

the national program for the building of muclear pover industry over a definite
period of time.

We, in the USSR, h - not yet adopted any long-term program for the develop-
ment of atomic pover and are still carrying on extensive investigations of all
technical and econom!“al aspects of this problem. We do not show any undue haste
68 the large natural resources, rich deposits of conventional fuel (coal, ofl,
848, peat, etc.) available in our country permit us to prepare for the bullding
of atomic power industry with more thoroughness and vithout any haste.

Perhaps 1t vould be timely to direct greater efforts to solving a more dif-
ficult and time-consuming problem of building breeder reactors.

The main road for the wide deve’opment of nuclear power indust ry, its maln
perspective 1s inseparably tied in with the fast breeder reactors.

The development of large fast pover reactors poses a large number of scien-
tific and technical prollems which involve an extensive and expensive program of
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research and development .

Our scientists and engineers have done much theoretical and experimental
verk on the fast reactor physics, methods for calculation of these reactors,
refinement of constants, kinetice and problems of safety.

Fast reactors BR-1 vith a thermal capacity of 50Kv and BR-2 vith a om ity
of 150 Kv have been built in the USSR Physicoenergetics Institute (Obninsk) for
fast reactor physice.

A test fast reactor BR«® with plutonium-oxide fuel elements and sodium
coclant vas comuissioned in 1958, The thermal capacity of this resctor is
5000 Kv. The five years of successful operations of this reactor have con-
firmed that the line of research the use of seramic nuclear fuel and sodiun
coolant bas been chosen correctly. It is now planned using thie reactor, to
study the specific features of uranium monocarbide and find out vhether it can
be used as fuel. Preparation of monocarbide core will be soon completed.

A special test stand BFS has been buillt in the same Physicoenergetics In-
stitute for the research on the physice of large fast pover reactor cores.

The compatabili‘y of materials and of the corrosive effects of liquid so-
dium are thoroughly investigated on the thermo-physical and engineering liquid.
metel stands; these stands are also used in developing the instruments and equip~
ment of reac . installations in liquid sodium at vorking temperatuses necessary
for large fast reactors.

The experience cbtained as & result of all vork carried out in the field
of fast pover reactors makes it possible to begin designing large fast reactors
for power production, which might provide the basis for the future wide employ-
ment in the power industry.

At present ve are developing an atomic power plant with & fast reactor
rated at 300 MW having & breeding factor of about 1.5. The reactor will use e
sodium coolant with an outlet temperature of 500°C,

We hope to build one or tvo such reactors and gain some experience in thoir
operation by 1970. Design outlines are being made for fast reactors of still
greater capacities.

1 vould like to make & special mention of the construction and b years of
operation of the world's 7irst peaceful atomic-povered shdp -« the icebreaker
“"lenin".

The use of atomic power on the icebreaker has proved highly successful in
the conditions of the Soviet Union. The rigorous Arctic nature, short time
during which various areas are accessible, the need for a large number of fuel
bases hinder the development of the natural resources on the vast territories
of the Far North of the Soviet Union.

The atomic power plant has made the icebreaker "Lenin", the first in the
vorld, s fully self-contained ship capable to accomplish any sea-going missions
vithout calling at any ports for refuelling.

The vide use of atomic pover on icebreakers along with the building of small

atamic pover plants in the Far North will undoubtedly help the speedy development
of these areas.
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The mclear power plant of the icebreaker "Lenin" is fine achievement of
Soviet scivntists, technicians and vorkers.

The jower plant of the icebreaker consists of three identical reactors each
with & thermal capacity of 90 MW. The reactors are of the pressurized water
type similar to the reactor installed at the Novovoronezh atomic station vhich
vas aleo designed under the guidance of Kurchatov Atomic Energy Institute.

In the reactors of the icebreaker "lernin" the ordinary vater st a pressure
of 20 kg/on® functions as & neutron moderstor and as & coolant. The steam pro.
duced by the steam generatore is fed to four D. €. turbogenerators which pover
‘he prorulsion motors. The total pover developed by the turbires of the "Lenin"
leebreater 1o UL, 000 h.p. with all three reactors operated at 704 power or with
two reactors operated at ful) pover,

Each reactor is loaded with 80 %g of enriched uraniuw-235, This amount
of fuel permitted the icebreaker to sall for three years without fuel reloading.
At the present time the "le- ‘n" icebreaker vhose reactors received the second
load of the fuel 1s enge, . % .8 fourth, the most strenuous navigation in the
beas of the North Aretie | « 1, «ing this year alone (s of the 10th of No-
venber) the icebreaker has .. ..o ° sbove 11,000 miles, out of which 9500 miles vas
of heavy ice, and has brought through more than 80 ships.

In the firet part of 1963 the fuel vae changed in all three reactors after
the total pover produced reached 25,000 MW.

Up to nov the ifcebreaker "lenin” has covered 61,000 miles (110,000 km) and
has brought more than 200 shipe through heavy ice. The experience of these
four navigstions proved that an Atomic-povered icebreaker can sail ir any season
of the year and all year round.

The constant dieplacement and the possibility to operate at & large power
vhereever necessary without any fear of running out of fuel determine the eunor-
mous advantages of an atomic-povered icebreaker over modern icebreakers with

diesel-electric pover plant vhich coneume huge amounts of fuel in the course of
one navigation.

The 014 types of fcebreakers (diesel-driven) have to vaste & considerable
part of time, so valuable during arctic navigation, waiting for better ice cone
ditions. These icebreakers could take through ice caravans of transport ships
when the ice thickness 414 not exceed 70 « 9 em, and vere unable to give any
help to transport shipe when the ice reached tvo points. The "Lenin" icebreaker

retained the full maneuverability and remained completely operative under simi.
lar or even heavier conditions.
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Experimental research on the physics of high-temperature plasma is being
conducted in the Soviet Union on & very brosd front. The basic purposes of this
research are:

1. To determine the conditions under which plasma can--at a high tempera-
ture«<be maintained in a state of siable equilibrium;

2. To develop effective methods for heating plasma.

It vould be extremely difficult for me to give an adequately complete pic-
ture of the research into the physics of high-tempersture plasma being conducted

in our country, because this vork is being carried out in a variety of different
directions.

1 shall therefore limit myself to telling you something of the results ac-
hieved during this past year at the Institute for Atomic Energy, and I shall
select those lines of research which, it seems to be are making a significant

contribution to the solution of probleme involving the stability and heating of
plasma.

First of all T should mention the work in which plasma behavior was studied
in magnetic flelds having e eo-called hybrid geametry. At the basis of this dir.

ection of research there lies a clearly nev physical idesa. And its substance ie
thie:

Plasma can retain its high temperature only 1f 1t occupies a confined area
in space, and is in contact--on all sides--only vith a high«level vacuum. Such
& suspension of & plasmoid in a vacuum can be accomplished with the aid of &
magnetic field. The duration of plasma retention may be of sufficient length
\f conditions exist which are needed to insure a stable equilibrium of the plas-
moid. If we take into sccount the fact that a volume of plasma confined in a
magnetic fleld 1s analogous to & liquid dis-magnetic of very low density, then
we can see at once one natural condition for plasma stability: the intensity of
the magnetic field must increase in all directions from the area occupled by the
plasma. An analysis of the lawve of motion as they apply to particles of plasma
confined in magnetic fields, gives us one more condition. It can be formulated
as follows: The intensity of the magnetic field inside the area in which the
plasmoid 1s confined, must not become zero. In the vicinity of thoee pointe
In space where the intensity of the field passes through zero, certaln general
lavs which cover the smooth travel of particles in a magnetic field, are vio-
lated. Such areas, in & vay, can then be regarded as centers of particle scat-
tering. And the existence of such centers would cause an intensive encape of
plasma particles.

The simplest way to create a magnetic syetem satisfying the above two re-
quirements, and therefore, a priori, guaranteeing a stable confinement of the
plasma, is shown on Fig. 1. The magnetic system, in such cases, consists of
coils A and B, through which current flowe in the same direction, and rectili-
near conductors, arranged symwetrically around the common axis of the two colls.
Considered individually, such coils set up what 1s known as & "mirror type" mag-
netic field. The energy lines of such a field are shown on Fig. 2a. In this
case, the intensity of the magnetic field increases on either side of the lines
of force, but declines in the radisal direction, 1.e. away from the axis. Mean-
while, alternating current flows in the straight-line conductors, setting up a
magnetic fleld the structure of which is shown on Fig. 2v.

As a result of the superposition of both magnetic fields, the magnitude
of the resulting vector H increases in all directions from the center of the
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ares intended to be filled vith plasma. Experiments with magnetic systems of
such type (we shall call them hybrid traps ) vere begun by M. 5. loffe and his
co-vorkers at the Institute for Atomic Energy as far back as 1961, To £111 the
trap vith high-temperature plasma, the method used was one which had been evolved
eariler and wb'’ch 1s known under the name of ion magnetron. Plasms created as &
result of the ionization of & gas, (hydrogen or deuterium) by the flov of elece
trone from the heated cathode inside the small disc e ares (located in the
axis of the system, behind one of the magnetic mirrors), spreads in the direction
of the magnetic field, forming e stream of concentreted plasma (see Fig. 3 for a
viev of the cross section of an experimental installation). Between this plasma
beam, acting as anode, and the wall of the chamber, there is applied--for a short
time interval (20 to 30 microseconds )--an electric current on the order of 30 to
L0 kv., vhich dravs the ions out of the plasma and accelerates them. After this
current 1s applied, the plasma beam splatters, so to 6peak, and the trap is filled
vith fest ion plasms. The energy of these ions, after the current has been cut
off, 1s on the order of several kev.

The purpose of these experiments was to investigate the properties of the
trapped plasma after the current had been cut off.-and, above all, to determine
the length of time for which it had Leen poseible to maintain the exlstence of
the trapped plasmoid. The basic resultes of these experiments, carried out this
year on an installation vith a hybrid magnetic field, known as PR-5, are shown
on Fig. La, b, and ¢.

The firet draving shows how, in the presence of a good vacuum, the concen-
tration of plasma trapped in the magnetic field of a hybrid trap, changes as a
function of time (Ourve 1). For camparison purposes, & dotted line shows the
disintegration of the plasma in the case when current is applied to the recti.
linear conductors and the magnetic field is created only by the basic coils (thie
is the field of a simple trap with magnetic mirrors). The average life of the
plasmold in & hybrid trap, vith a vacuum on the order of 1 - 10*“%mm. 1s about
50 milliseconds. With an ordinary mirror trap thie time doee not exceed 100 to
150 microseconds. Fig. 3b shows hov the time of plasma confinement in a hybrid
trap 1s a function of the residual gas pressure p,. We find that the value
is proportional to pf. From thie ve conclude that the only process which limite
the life of fast ions is transfer of charge of euch ions to neutral atoms.

Fig. 3¢ shows the relationship of the life time of the plasma and the mag-
nitude of the current apnlied to the rectilinear conductors in the face of an
assigned value of the current in the basic magnetic field, set vp by the coils.

As can be seen from this draving, the value of 7 Jumps sharply to many times
its former value after the magnetic field strength from the rectilinear conduc-
tors reaches a certain minimum. These results indicate that under the conditions
of the experiment as revieved, the plasma is confined quite stably in the trap.
The shape of the oscillograms shoving the change in the paraneters of the plasma
is also indicative of this. High-frequency oscillations, which are the usual
eign of the development of instability, are absent in the oscillograme of the
measuring equipment.

The significance of these experiments lies in the fact that they prove, for
the first time in the entire history of high-temperature plasma research, the
possibility of stably maintaining such & plasma (vith fast fons) in & magnetic
field. Until now, oxstruonu vere conducted at an initial plasma concentrea-
tion from 107 to 10 10 and an 1on temperature of approximately & kev. Of great-
est interest at the present time is an expansion of the information derived to-
vard the realm of high concentrations. It is very important to raiee the plasma
density level by at least one order of magnitude in order to penetrate that region
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of concentrations in which, according to thecretical predictions, we may find a
nev Lype of instability linked with the bullding up of plasma oscillations at
frequencies close to the larmor frequencies of ion rotation in a magnetic field.
Theoretical analysis shovs that thie instability may arise in the case where the
condition

. -
' b /;7/‘(" "

(1)
is satisfied, vhere o 18 the plasme density (the product of concentration and
ion mass ).

The firet steps in this direction have already been taken. In the spring
of this year experiments vere begun in which the plasma trap vas filled using
4 method somevhat different from the one described above. In the nev series of
experiments, injection of a plasma wvith fast ions into & hybrid magnetic rield
veeurs threugh the use of unique electrostatic instability which may appear, un-
der certain conditions, in the flow of cold plasma and create a natural mechanism
of 1on acceleration (vithout the application of high voltage). It vas seen that,
&t certain parameters of the arc discharge which produces the plasma flow, high-
frequency electrical flelds originate in this flow and lead to the ejection wnd
acceleration of the fons. The average energy of the ions in this case is con.
siderably less than with the use of an external voltage. It reaches approxi-
mately 0.5 kev ufter the arc discharge which creates the plasma flow has been
turned off. However, the energy of the ions is not essential for an explanation
of the basic question of maintaining stabllity at increased concentrations. In
the first experiments on building up ions from a plasma flov with high-frequency
oscillations itlxu possible to bring the average ion density vithin the trap to
& value of 3.10'Vem3. This e approximately one order of magnitude higher average
concentration than that which wvas ordinarily achieved using the magnetron method
of plasma buildup. Signs of instability are absent as before, although condi-
tion (1) 1s apparently satisfied. It should be emphasized, however, that the
above results are only preliminary.

Ore of the traditional trends at the Institute for Atomic Energy is the in-
vestigation of processes of resistance heating of a plasma with quasi-stationary
discharges under conditions when the plasma column and current are in a strong
longitudinal field, the intensity of which 1s many times ater than the field
intensity created by the natural current of the plasma . ootnote: Thise {s
the baslic and very real distinction between the experiments described her. and
experiments performed vith devices similar to the English "Zeta" apparatus./ The
strong longitudinal field serves to suppress the more dangerous forms of insta-
bility of a plasma column with current. The standard experimental apparatus used
in these investigations is schematically shown in figure 5.

A toroidal chamber, within which a ring-shaped plasma column is formed, is
set on the cores of an iron transformer. The voltage which maintains the cur-
rent in the plasma i{s created inductively. In the tests described, the half-
period duration of plasma current varies from 5 to 30 meec for different equip-
ment and different discharge modes. The coils of a longitudinal magnetic field
are placed on the toroidal chamber. The intensity of the longitudinal field may
be changed vithin wide limits. Until now, fundamental experiments have been cone-
ducted vith fields from several kilo-ocersteds to 25 kilo-cersteds and current
in the plasma from 10 to 70 kilo-amperes.

In order that the plasma formed by a discharge in hydrogen or deuterium not
become contaminated by impurities which may be desorted from the walls, it {s
necessary to clean the walls by extensive heating. This may be done iu a chamber
with tvo walls. The inner wall (1iner) is made of thin stainless steel and
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may be beated either by means of induction currents or by conditioning with fre-
quent electrical discharges. The liner is insulated from the outer shell of
the chamber, which is made of thick copper. The thick copper shell i necessary
in order that the ring-shaped plasma column and current, whick wttempts to ex-
pand under the action of electrodypamic forces, be kept in equilibrium. Eddy
currents originating in the copper shell create a force which compensates for
the stretching of the column. The spece between the liner and the outer shell
is placed under a high vacuum. Thie construction provides the vacuum hygiene
necessary for the experiment but st the same time has one very essential short.
coming. A plasma column hidden behind a number of shells is very difficult to
reach vith measuring apparstus. This 1s one of the peculiar examplee of the
"indeterminancy principle” which so strongly complicates all experimental worke
on the physice of high-temperature plasmas.

Apparatus of the above design has received the name "Tokomak." An entire
series of such equipment has been built. Figure 6 shows the largest installa-
tion of this series -- the T-3. It vas placed in operation last year. The
basic data for this device ar.. maximum intensity of the longitudinal magnetic
field * LO kilo-oersteds; maximum current in the plasma- 290 kiloamperes; dura-
tion of the first half-period of discharge= 10-20 milliseconds. The diameter
of the toroidal chamber is 200 om, and the diameter of the cross-section of the
liner 1s 40 em. For the purpose of decreasing the interaction betveen the plas-
ma and the liner surface, the latter contains a molybdenum diaphragm to limit
the cross-section of the plasma column. The diameter of the opening in the dia-
puragm vas 30 om in the majority of experiments with T-3 device.

Before mentioning the present status of research on & stadbilized discharge,
I vould like to say several words on the initial stage of these investigations.
In the earlier stages of tests with the first models of the apparatus and at a
field intensity from 5 to 10 kilo-oersteds ve vere unsble to obtain plasma columne
vith & sufficiently high electron temperature.

The conductance of the plasma vas no more than 3 to h'lol" cgee, wvhich in-
dicated an electron temperature not exceeding 10-15 ev The folloving points vere
characteristic of the behavior of the plasma column in these experiments:

a) & high intersity of plasma emission at which intense lines belonging
Lo the atoms and ions of different impurities were sharply dlstinguished;

b) strong, high-frequency oscillations in oscillograme of the electrical
parameters of the discharge (figure 7a);

¢) a very rapid drop in electron concentration. It began to decrease be-
fore the current reached a maximum (figure Tb).

It 1s natural that, in sttempting to explain these peculiarities in the
behavior of & plasma, we had to consider different mechamisms of origination of
plasma instabilities. Of these mechanisms the classical case of magnetohydrody-
namic instabllity of a plasms columm with current was long ago isolated and the-
oretically investigated in detail. This form of instability is not related to
the specific properties of a plasma. It is equally characteristic of any con-
ductor with current which is deprived of rigidity, that ie, one which has no
resietance to changes in its shape, such as a 1iquid conductor. Concrete mani-
festations of this instabil.ty are well known. During the passage of a large
currsnt, a conductor, first, is divided into staggered sections of expausion and
compression and, secondly, it buckles and twiste.

The most effective means of combating the development of such deformations
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16 the uee of & strong longitudinal magnetic field. 'The reeilience of the force
iines of such a fleld fmparts to the conductor placed in 1t a hardness necessary
for stabilfty--under the condition that the intensity of the longitudinal field
is sufficiently large in comparison with the intensity of the field produced by
the current floving through the conductor.

For a conductor placed ineide & shell vith well-conducting walls, the shell
also can play & stabilizing role. Foucault currents arising in the shell during
shifting of the conduc’or prevent the develojment of beading deformations.

let us consider a ring-shaped filament with cross-sectional radius +, and
ring radius R located in a tcroidal chamber with conducting walls in which proe
duced a longitudinal field of intensity il. Theoretical analysis showe that the
quantity 4 = 44 7:, 16 & parameter on vhich the stability of the plasma depends.
v » 7 A

Here /.7 18 the intensity of the magnetic field of the magnetic field of the
plasma current on the surface of the column. If ¢£/ , the plasma column must
be completely unstable. It will twist epirclly and, in so doing, will come in
contact wvith the wvalls of the chamber (1iper).

If q>1, then the most dangerous spiral instability should disappear. In
that case, oaly certain forms of deformation may appear on the surface of the
plasma column in which case its axis does not shift. The larger g is, *he more
effectively all possible forms of classical magnetohydynamic instability suould
be suppressed. It may be practically stated that for 4 the plaema filament
18 guaranteed to be completely free from the effect of classical instability.

In the first stage of the investigations with the "Tokomak" apparatus the
intensity of the longitudinal fleld did not exceed several kiloersteds, and
for sufficiently high values of q it became necessary to follow the course of
Iimiting the current in tle plasma. As a result of this, the quantity of energy
released in the discharge was also limited, and therefore it was difficult to
heat the plasma to a high temperature. When q was increased, {t vas possible
to observe a significant weakening of the instability, expressed in u d«crease
in the amplitude of the oscillations in the cscillograms. lHovever, even for
large values of q 1t was not possible to obtain sufficiently smooth oscillograms;
neither was it possible to lesser the speed of the decrease in concentration of
charged particles. Ther. fore, ve are inclined to the belief that, besides the
simple magnetohydrodynamic form of instabili’ ., other mechaniems must exist
which do not lead to an inetantanecus disrupiiun of the plasma column but grad-
ually "corrode" that column, draining off charged particles to the walle o the
chamber. In other words, it could be postulated that we have encountered a
phenomenon of "anomalous" diffusion of a plasma. This anomelous (with respect
to ite speed) 2iffusion can be conditioned by the very varied mechunisms of in-
stability of the plasma in a magnetic fleld. A lack of theoretical ideas to
explain anomalous diffusion has long existed; therefore, it vas possidble tu cone
sider a large number of possible explanations for the capricious behavior of the
plasma column in & discharge chamber, and we immediately considered very seri-
ously the analysis of these possibilities. Hovever, it subsequently appeared
that the majority of the effects, which at first were ascribed to the action of
"anomalous" Aiffusion, at the same time resulted from a much simpler cause. This
cause 1s the variable position of the plasma filament relative to the chamber.
The plasma filament can be stationary relative to the chamber during an entire
discharging process only under certain definite conditions, vhich, for practical
purposes, are never obtained. Under actual experimental conditions the plaima
column at the time of discharge moves within the limits of that free space
d'termined by the opeining of the dlaphragm. If the column comes in sontact
vith the edge of the diaphragm and continues to move further towvard that edge,
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then « first - & cooling of the plasma oceurs, and - pecond - the radius of the
column begins to decrease (the plasms 1s truncated by the diaphragn). The de-
crease in the cross-section of the column during its movement can be very signi-
ficant; therefore, the true value of  vill differ considerable from the radius
of the opening of the dlephrags. This means that the paraneter of stability ,
during movement of the column, may decrease significantly compared to the va

it should have, the current being equal, for the case in vhich the plasma occupies
the entire free cross-section of the diaphrags.

A decrease u% leads to & development of instabilities, which can be seen
in oscillograms of the discharge. Moreover, the decline in the radius of the
plasma column when the plasma is exposed to redio vaves, gives the same effect
66 & decline in concentration and hence may be incorrectly interpreted as a
manifestation of anomalous diffusion. From the foregoing 1t is clear that be-
fore ve can take up the quesiion of laws of plasma diffusion, ve must determine
the causes vhich produce displacement of the plasma column and either eliminate
these causes or control them accurately during the experiments.

The shifting of the plasma column wi in the toroidal chamber has o number
of causes. Among these, one of the principal ones in the majority of cases, i
the imperfection of the geometry of the magnetic field. The movement is reflected
in the appearance of a component of the outer fleld which is perpendicular to
the direction of the current in the plasma. let us call this component &4
It acts upon & unit length of the plasra column with a force £+ //{g y where 7
is the energy of the plasma flov (in cgee units).

The force F averaged out over the entire length of the plasma column,
causes ~ dirplacement of the latter with respect to the vhacter. As for the
valve of 4/, , 1t {s contributed to, in the first pla.s, by the coils of the
longitudinal field (due either to construction flave or to inscourate position.
ing); secondly, by scattered fields of the primar; transformer winding supplying
the discharge, and, thirdly, by the current flowing in the liner. A eimple com-
putation taking into account the stabilizing effect of Foucault currents in the
copper shell of the chamber upon the movement of the plasma column, shows that
in the presence of an average (with respect to cross section) transverse field
component A/, , the column shifts a distance equal to 4* vhere b 14 the readius
of the copper shell. With a current of 10 ka. and 25 om’ Shell radius, the dis-
placement vill amount to == O, i4,« In this case the apparent displacement of
the column must be observed at & relatively very lov value for the transverse
component of extermal field (recall that the potential of the longitudinal field
reaches tens of thousands of oersteds). Asidr fram transverse fields, another
factor causing column shifting may be changed in plasma pressure, caused by
heating and also by redistribution of current over the crose section of the col-
umn, {.e., & change in the effective value Ma . OSeveral simple experiments,
carried out about two years ago, 1y confirmed the hypothesi= that f1lament
movement in the chamber is largely tue result of those effects which vere pre-
viously arcribed to the unsolved mecharism of plasma instability. Therefore,
steps were taken to decrease as far as possible the value of transverse magnetic
flelds in operating units. On the T-3, which by this time wue already assembled,
ve confined ourselves to making it possible, with the aid of auxiliary windinge,
to compensate the wean value of camponent #,from the vinding of the longitudinal
field and change this component iu value and direction. Compensation of the
transverse component of the external field must be carried out with great accuracy,
since even relatively very small shifts of a plasma filament in the chamber may
be significantly reflected in the properties of the plasma (owing to ite inter-
action with the edges of the diaphragm, which may lead to intense desorption of
impurity atoms). Furthermore, a nev unit T-5 vas constructed with a very care-
fully prepared longitudinal field winding, built to reduce to minimum the



transverse components of this field. Inside the chamber of unit 7-5 is situa-
ted & systen of conductors with which 1t 1s possible to control the position of
the plasma column, creating field with a preassigned lav of change during
discharge.

In both T-3 and T-5 the position of the plasma column is controlled during
Aischarge vith & systen of magnetic probes distributed in the chamber. With
the ald or these probes it 1s possible to measure the momentary position of the
axial line of the plasma column with an accuracy of up to several millimeters,
and to cbeerve hov this position changes during the entire process.

Improvement in the geometry of the magnetic field and utilization of addi.
tionel vindings to compensate led to & significant change in basic character-
ietice vith vhose aid 1t 1 possible to appraise the behavior of the plasma
column. This change vas manifested first of all in the character of the rela-
tionship of plasma conductivity to the potential of the longitudinal field.
Measurements, carried out on Unit T-3 without using & (, compensating turms gave
& relation of £ to 4 which is charecterized by the presence of a conductivity
maximum et # - 15 kiloersteds. The value 4/ at maximum during diec in
hydrogen at an initial pressure of 5 x 10°% to 1 x 10*3 mm is 2 x 10017 cgee
(conductivity 1s calculated on the assumption that the plasma column fills the
entire cross section of the diaphragn). By connecting in the ¢ nsating turns
vith the properly selected current sirength (proportional to %, ), the conduc-
tivity is markedly increased and the maximum on the #(#:)curve disappears.

At A= 29 kilooersteds, the value . , calculated for a column filling the cross
section of the u,ghna (1.e., minimized as compared to the true value) com-
prises 1 - 2 x 107" cgee at the above stated initial pressure. This corresponds
Lo 3 plesms electron temperature in the range of 100 to 1k0 ev. These figures
themselves are in & sense a record. For the first time a plasma column vas ob.
tained with the conductivity of metal.

On unite with improved field geometry and compensation of #.L , the oscillo-
grams of all electrical characteristice of the dlscharge at sufficiently large
values of //, become smooth; 1.6., the external symptoms of instability disap-
pear. Also, the nature of the relation of plasma concentration to time is changed.
In contruet to a rapid drop in 4, , vhich vas observed earlier, radiointerfero-
metric measurements on the new units do not indicate great decrease in ,).
during that interval of time when the discharge current maintains its high value.
Thercfore, the question on the existence of "anmmalous" diffusion etill remains
open.

However, at the present time it would be premature to assert that in experi-
ments on "Tokomak" unite conditions hove been definitely established under which
& stable plasma filament is formed with a Lemperature incressing in accordance
vith the simple lave of Ohmic heating. In order that this assertion be fully
Justified, it still remains to prove that under the conditions of our experi-
ments the process of the formation of "blown" electrons, {.e. electrons continu-
ously sccelerated Yy the electrical field, does not play & substantial role. If
it vere found that a considerable portion of the current 1 a plasma is trans-
mitted by such electrons, then our concept of the process of heating of & plasme
should have changed completely. Namely, it would not have been possible to es-
tablish an identical connection between the measured conductivity and the elec-
tron temperature of the plasma.

At the present time an analysis of the entire aggregate of available experi-
mental data testifies against the concept of the considersdle role of processes
of continuous acceleration of electrons im "Tokomak" installations, but this
conclusion is still mot sufficiently comvincing. We hope that experiments which
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are slated for next year will definitely sol're this problem.

In addition to clarification of the role of "blown" electrons, it is also
hecessary to understand the nature of certain peculiar phenomena connected with
movement of the plasms filament st the time of discharge. Iu the course of ine
vestigations conducted on "Tokamak" installations Quite some time ago it was
noted that on the oscillograms of the discharg: voltage there exist character.
istic features of the "crack” or "break" typr (Gee Fig. 8a). An abrupt, short
drop of voltage 1s not accampanied by a corresponding decrease in the magnitude
of the current. On the cont at this very moment there is cbserved a tem-
porary increase in the value +  Measurements of the position of the
plasma filament with the aid magnetic proves made 1t possible %o establish
& direct connection between the "cracks" on the oscillograms of voltage and
transpositions of the plasma f1lament.

Fig. &b 1llustrates a time-phased oscillogreph voltage curve which shows
how the position of the axis of the plasma filament changes vith time in tche
equatorial plane of the chamber. The value of the Lsplacement & 1s computed
from the center of the opening of the disphragm. Positive values of & corres-
pond to an outward movement of the filament, 1.e., an increse in the redius
of the plasma ring. We note that prior to the moment of the appearance of a
crack on the voltage iscillogrem the plasna filament moves outward. After this
an sbrupt decrease occurs in 4 i.e., the filament seems to be deflected in-
vard. Oimultaneous vith the decrease of 4 there occurs a sharp increase in
the radius A" of the filament cross section. This designates that the induc-
vance of the plasma loop, which 1s proportional to £ om £ drops sbruptly.
Epezifically this 1s an instantaneous drop of inductance (due to the simultane.
Ou change of and &) and 1s the cause of the "cracks" on the voltage curve.
The origin of these phenomena has not as yet been established. It ghould be
noted that at high values of 4, and lov values of the initial pressure < no
special features are cbserved on the voltage oscillogranm,

The next problem of experimental investigations on the "Tokomak" instal-
lations is the transition to even stronger filelds. Increasitg #c wvill make
it possible for ue to increase the magnitude of the current in a diecharge
vithout danger of the Gppearance of instabilities, and an increase in the cur-
rent should, in turn, result in further increase in the temperature of the
plasma.
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FIGURES ¢

Magran of installation v.th combined fields.
a) Pleld of mirror system.

b) Pleld of conductors.

Section of the experimental unit.

a) Variation of concen:ration with respect to time with and without
conductors.

b) Relationsidp of confinement time to/

¢) Relationship of lifetime . to current magnitude in conductors.
Schemstic diagram of the "Tokomek" installation.

Photography of the T3 installation.

a) High-frequency oscillations on oscillograms of the electrical
paraneters of discharge.

b) Relationship of electron concentration in plasma filament to time.
a) Oscillograms of discharge voltage and generated current.

b) Shift of plasma filament axis in the equatorial plane of the
chamber .

*Flgures not available Jor t“is report
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CONFIDEN Bt

Unon his return to the Soviet Union, Chairman Petrosyants was asked by
correspondents f the Soviet nevspaper IZVESTYA to give hie impressions of the
Stay In the United States. His remarks as set forth in the nevspaper article
are as follows:

THE PEACEFUL ATOM IS A BRIIGE OF FRIENDSHIP

The program of our trip vas a very full one. We visited the main astomic
centers of the Ul and learned about “he research vork under way at them on
peaceful uses of atomic energy. We visited several atomic pover plants and took
part in the vinter meeting of the American Atomic Industry Forum -- @& gathering
of stomic scientiste and industrialists marufacturing equipment for stomlc science
and engineering. At this meeting I made a report on various Soviet projects in
the field of peaceful uses of atomic energy and ansvered questions. Some mem-
bers of our delegation studied the scientific research under way at the famous
Frinceton University where Academician L. A. Arteimovich delivered a very in-
teresting lecture on Soviet research or thermonuclear fusion.

Most interesting, in my opinion, were our visits to atomic power plants:
Indian Point with & hydrogen-vater reactor, Dresden with a bolling water reactor,
Hallam with a reactor on sodium coolant and the Enrico Fermi plant located LO
miles from Detroit. The fuel for this plant is enriched uranium and the coolant
is metallic sodium; the reactor operates on fast neutrons.

Among scientific establishments I may mention the Argonne National Labora-
tory vhere about 5,000 persons are employed. Interesting research is being done
there on the transuranium elements. Of great interest are the studies in the
fleld of rediochemistry. A laboratory is being completed for processing highly
active "tvely" <« the heat-releasing elements of reactors. A great deal of work
is belng done in the U. . in the construction of several poverful research re-
actors with high neutron flows.

1 consider that the most important result of our trip was the establishment
of closer contacts between atomic scientists of both countries and the further
progress of ocur cooperation in this field of science. We reached an understanding
on long-term exchange ~f delegations and scientists, particularly betveen such
organizations as t* Institute of Theoretical and Experimental Physics and the
A.gonne National 1  ratory.

Everywhere in the U. £, the Soviet delegation met with a fine and friendly
reception.
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