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FOREWORD

The intent of this repart is to record the visit of Chairman Petrosyants and
other Soviet scier.tists to U.S. atomic energy facilitica in the late fall of 1963
Since the report includes r. number of personal observations regarding the Soviet
delegation, it bears the classification " Confidential."
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BACKGIOUND

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. S.
Atomic Energy Cocenission and the USSR State Committee for the Utilitation of Atcznic
Energy arrange for the implementation of a program of exchanges in the peaceful
uses of atomic energy. On May 21, 1963, in Moscow, Chairman Seaborg and Chaiman
A. M. Petrosyants signed a Memorandum on Cooperation in the Field of Utilization of
Atomic Energy for Peaceful Purposes. The Memorandum sets forth a program of re-
ciproca1 exchanges and procedured 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, Chaiman Seaborg, accmpanied by nine AEC officials and scientists and
the Second Secretary of the U. S. Dnbassy in Moscow, visited 14 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, Ulyanovsk, New Melekess, a 1
Voronezh. The U. S. delegation spent eleven days in the Soviet Union and all mem-
bers agreed that the trip was quite rewarding and worthwhile.

Ihring 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 officials in Moscow indicated that plans for a return visit could only be
made af ter receipt of a tomal invitation and on June 4,1963, Chaiman Seaborg for-
mally invited Mr. Petrosysats and suggested October or November as an appropriate
time to visit installations in the United States.

Mr. Petrosyants responded late in June, amepted the invitation, but did not
make known the cocrposition of the delegation, too precise dates of his visit, nor
the installations he wished to see.

In August the AEC drafted a schedule of visits for the period frcra November 17
through December 2,1963, similar to the itinerary which was finally adopted. This 1

| schedule was forva.rded to the Soviets for ccumnent, but it was not until October 29
i

that the Soviets applied for visas for a delegation of eleven persons. One Soviet
|for whom a visa was made available, G. N. Flerov, did not acccanpany the group. Mem-

bers of the Soviet delegation indicated that Flerov's absence was due to ill health,
l

On November 14 vord was received that the Soviet delegation would arrive on
November 16. The itinerary proposed by the AEC was agreeable to the Soviets except
that Mr. Petrosyants preferred that the visit to Oak Ridge National laboratory bel

advanced to the early part of the tour and that visits to the Dresden Atomic Power
Station and the Dirico Femi Power Station be made on separate days. These changes
were readily made. It was also requested that part of the delegation remain a see-

|ond day at Oak Ridge and that the delegation visit the Santa Susana Imboratory. '

This request was not granted since remaining at Oak Ridge conflicted with the Brook-
haven visit and no work comparable to that at Santa Susana was shown to the Seaborg idelegation. '

-1-
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At this point it is important to recall that, during the period imediately
preceding the arrival of the Soviet delegation, the arrest and detainment in the
Sov! A Mon of Professor Barghoorn of Yale University, was highlieting the news.
As a result, throughout the United States, an atmosphere prevailed which could
casily have been detrimental +o the usefulness of the visit. For this reason, right
up until the time the Soviets were to arrive it was a matter of conjecture as to

*whether they would, in fact, come. However, Professor Barghoorn was released on
November 16 and the Soviet visitors arrived in New York the same day without in:1-
dent.

We tour begae in Oak Ridge on lenday, November 18 and continued at various
installations until the Soviet group departed fmm New York on December 3 All fa-
cilities visited are unclassified and devoted to the peaceful uses of atomic energy,
such as high energy physics, controlled themonuclear research and civilian power
reactor development.

Ikaring the early stages of the visit a somewhat strained atmosphere prevailed;
however, as the tour progressed, the strained feeling gave way to an atmosphere of
cordiality and the tour proceeded in a smooth and orderly fashion.

Id n:h f*cility visited, the Soviets were given descriptive material in the
form of brochures, booklets, printed instructions, publications etc. In return,
the Soviets presented their hosts with souvenir medallions, picture albums, sci-
entific publications etc.

Following the death of President Kennedy, the events originally seneduled for
the San Francisco area were cancelled. No other major changes were made in the orig-
inal itinerary. At the time of the President's death the Soviets reacted with quiet
dignity and seemed to be genuinely sincere in their expressions of sympathy. During
the hectic, confused period imediately following the President's death, as well as
during the waiting period in Yosemite National Park, the Soviet visitors displayed an
extremely cooperative attitude.

The Soviet delegatica was comprised of the following:

PETROS' - , ANDRONIK M.,
Chs.irman, State Comittee of USSR for Utilization of Atomic Energy

AFRIKANTOV, IGOR IVANOVICH,
Scientific Consultant, USSR State Committee on Atomic Energy (Power Reactors)

ARTSIMOVICH, LEV ANDREYEVICH,
Section Head, Kurchatov Atomic Energy Institute (Controlled Remonuclear
Reactions)

BEIOV, ANATOLIY, IVANOVICH,
Reviewer, USSR State Comittee on Atomic Energy (interpreter and translator)

BOGOLYUBOV, NIK01AY NIKOLAYEVICH,
Iaboratory Director, Joint Institute of Nuclear Research (Dubna) (High Energy
Physics & Mathematics)

KAZACHKCVSKIY, 012%) IMITRIYEVICH,
Deputy Director, Physical Technical Institute, Obninsk (Breeder Reactors)

PONOMAREV-STEFN0Y, NIKOIAY HIK01AYEVICH,
Deputy Section Head, Kurchatov Atomic Energy Institute (Power Reactors)

RATNIKOV, NIKOIAY TIMOFEYEVICH,
Section Head, USSR State Comittee on Atomic Energy (Administrative Planning)

;

_ __ _ _ _ _ _
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SIHLV, NIKOLAY !GKHAY10VICll,
Insputy Chaiman, USSR State Corsnittee on Atomic Energy (Administration)

YAKOVLEV, GRISORIY NIKOLAYEVICH,'
Section Head, Scientific Research Institute of Atomic Reactors, New
Helekens (Reactors, Radiochemist)

In addition to this group, Mr. Valentin Revin, 3rd Secretary, representing
the Office of the Scientific Counselor, Soviet Dnbassy in Washington, D. C., ac.
ecrapanied the group as part of the Soviet delegation. This was considered ap-
propriate inasmuch as Mr. Herbert Okun, Second Secretary, U. S. Dnbassy, Moscow,
had accanpan'ad Chairaan Seaborg's party on their tour of Soviet atomic energy
installations.

'|he Soviet delegation was accompanied during almost the entire trip by
Chaiman Seaborg, one of the AEC's Conunissioners or the General Panager.

U. S. nationals accernpanying the Soviet delegation throughout the entire
trip or for a major portion of the trip were:

VELLS, A. A.,

Director, Division of Internaticaal Affairs

McIANIEL, PAUL W.,
Director, Division of Research

FRITSCH, ARNOLD R.,
Technical Assistant to Chaiman Seaborg

JACQUE3, PHILIPPE,
Deputy Director, Division of Public Information

ABRAHAM 3, MELVIN,

Special Assistant for East-West Programs, Division of International
Affairs

BRAND, NORMAN H.,

East-West Programs Staff, Division of Interr.ationri Affairs

AMER, WILLIAM D.,
,

U. S. State Department (Interpreter)

LEWIN, JOSEPH,
Oak Ridge National Iaboratory (Interpreter)

-3-
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ITINERARY OF SOVIEf VISIT

SA'IURDAY, November 16

9:00 p.m. Soviet delegation arrived at International Airport, N. Y.
and was met by Chaiman Seaborg, Commissioner Palfrey, and
other AEC representatives, as well as representatives from
the Soviet Embassy, Washington, D. C.

10:15 Arrived at Waldorf-Astoria llotel, New York

10:30- Reception for Soviet delegation at Walforf-Astoria Hotel -
Chaiman Seaborg, Host

12:00 Midnight Overnight - Waldorf-Astoria Ilotel

SUNDAY, November 17

9:30 a.m. Breakfast - Waldorf-Astoria Hotel

10:30 Discussion of itinerary

11:15 Departed for Battery section of New York to board U. S.
Coast Guard craft for sightseeing tour of New York area

3:00 p.m. Returned to Waldorf-Astoria Hotel

4:00 Departed for ILDuardia Airport to board chartered MATS
aircraft

5:00 Departed for Knoxville, Tennessee (dinner served enroute)

9:30 Arrived Knoxville Airport (mechanical difficulty enmute
necessitated stop at Andreve Air Force Base, Washington,
D. C., resulting in two-hour delay)

9:l+5 Departed for Oak Ridge via chartered bus

10:45 Overnight - lloliday Inn, Oak Ridge, Tennessee

FUN 1%Y. November 18

7:30 a.m. Buffet breakfast - Holiday Inn

.h-
'
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8:30 a.m. Briefing on Oak Ridge National laboratory Programs by

Alvin Weinberg, Director, ORNL

9:30 Tour of Oak Ridge National Iaboratory

12:45 p.m. Brief press interview with Chairman Petrosyants

1:00 Inncheon at Holiday Inn

1:45 Further briefing by A. M. Veinberg

2:30 Continued tour of ORNL

3:30 Departed Oak Ridge for Knoxville Airport

L:30 Departed Knoxville for New York via MATS aircraft (dinner
served enroute) '

7:30 Arrived LaGuardia Airport, New York

8:30 Attended theater - New York City

11:30 Overnight - Valdorf Astoria Hotel

'lVIIIDAY, November 19

8:00 a.m. Breakfast - Valdorf-Astoria Hotel

9:00 Depa*ted for Brookhaven National Iaboratory via chartered -
bus

10:00 Arrived for tour of BNL facilities
12:30 p.m. Brief press interview with Chairman Petrosyants

1:00 Innch - BNL Social Center

2:00 Continued tour of Prookhaven facilities
6:00 Social hour and dinner - BNL Social Center

8:00 Departed for New York City via chartered bus

10:00 Arrived for overnight stay Valdorf-Astoria Hotel e

WEDIESDAY, November 20

7:30 a.m. Bretkfast - Valdorf-Astoria Hotel
CROUP 1 Departed by bus foi* I:Mian Point Reactor
8:30

10:00 Toured Indian Point Reactor facilitiee
12:'.5 p.m. Innched at Tappan Hill restaurant, Tarrytown-

1
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1:45 Departed for New York City-,

2:45 Arrived Waldorf-Astoria Hotel

: GROUP 2 . Departed for Princeton University via private automobiles
-

8:30 a.m.,

,

10:00 Arrived for briefing and tour of James Forrestal Research '*

Center

11:30 - Academician Lev Artsimovich delivered lecture on Soviet4

i
Controlled 7hensonuclear Reaction Program before Princeton
University audience (See appendix B for text)

1:00 p.m._ Luncheon at Guest House - Princeton 1ktiversity
*

2:00_ iseparted for New York City

3:15 - Arrived Waldorf-Astoria Gotel-

GROUP 1 and 2 Attended joint session of Atomic Industrial Forum /American
3:h5- Nuclear Society Meeting - Americana Hotel, N. Y.

4:15 Chairman Petrosyants addressed joint meeting of AIF/ANS
(See appendix A for text)'

5:30 Toured Atom Fair Dchibit - Americana Hotel

8:00 Attended banquet sponsored by AIF/ANS - Americana Hotel

11:00 Overnight - Waldorf-Astoria Hotel,

4

TIRTRSDAY, November 21

|

6:30 a.m. Departed Waldorf-Astoria Hotel for IaGuardia Airport via
chartered bus

4

-7:15 Arrived IaGuardia Airport to board NATS Aircraft

7:25 a.m. (ET) Departed Now York City for non-stop flight to Oakland,
California (breakfast and lunch served on aircraft) ',

3:35p.m.(PST) Arrived Oikland International Airport '

4:00 Departed by chartered bus for Inwrence Radiation laboratory.
| - Berkeley _

4:30 Brief tour of LRL, Berkeley facilitics

6:30 Social hour and dinner - University Rouse on University of
California' campus.

'

9:45 Departed by chartered bus for Fairmont Hotel, San Francisco

:10:k5 Ovemight - Fairmont Hotel.

i-t -
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FRItAY, Novertber 22

7:30 a.m. Breakfast - Faimont flotel

Sib $ Departed by chartered bus for LRL, Berkeley

9:L' Continued tour of LRL, Berkeley facilitiess

12:00 Noon Due to the death of President Kennedy the balance of events
scheduled for Friday and Saturday in the San Francisco Area
vere cancelled. After a hurried departure from the Fair.
mont !!otel, they were taken on a brief bus tour of San
Francisco. Following this, the group departed for Yosemite
flational Park

LAMIRMY, November 23

Sichtseeing - Yosemite National Park

r;LfHTAY, tiovember 24

Sighteeuifu - Yosemite National Par'k until late Sunday
afternoon when the group departed for Fresno, California
to board the MATS plane

's t30 p.m. (PST) Departed Fresno, California for Idaho Falls, Idaho via
MATS utreraft (dinner server. enroute)

9:25 p.m. (MST) Arrived Idaho Fa'is, 'Panninc Field)

10:00 Arrived Westbank Hotel

10:30 Prief reception Westbank tbtel

11:30 Overnight - Westbank Hotel

iONMY. November 25

7:00 a.m. Breakfast - Weatbank Hotel Restaurant

8:00 Departed by but fo** tour of National Reactor Test Site.
William L. Ginkel, Acting Manager, Idaho Operations Office
gave briefing on NRTS erroute

4:00 Started tour of NRTS facilities

Note: At Chaiman Petrosynnts' request the Soviet delega-
tion witnessed the proceedings of President Kennedy's funeral
on television for a short period

12:00 Noon umcheon at Central Facilities Cafeteria
I

-7-
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1:00 p.m. Continued tour of InffS facilities

4:30 Departed NRTS for Idaho Falls Airport (Fanning Field)

):45 Arrived Idaho Falls Airport

6:00 Departed Idaho Falla via MATS aircraft for Lincoln. liebraska
(dinner served enroute)

| 10:15 p.m. (CST) Arrived Lincoln Air Force Base, Lincoln. liebraska

10:h$ Arrived Cornhusker llotel, Lincoln, Nebraska

11:00 Brief reception - Cornhusker llotel, hosted by Consumers
Power Company

11:30 Overnight - Cornhusker llotel

'nfin!%Y, llovember 26

7:30 a.m. Dreakfast - Cornhusker llotel

8:30 Departed by chartered bus for llanvn Reactor Facility

Note: Academicians Artois vich and Bogolyubov left the
group at this point and departed for Argonne National
laboratory via commercial airline from Lincoln to Chicago

9:30 Arrived for briefing and tour of flallam Reactor Facility

11:15 Departed flallam for Lincoln, Nebraska

12:15 p.m. Press interview of Chairman petrosynnte at Lincoln Country
Club

12:30 Luncheon - Lincoln Country Club

1:30 Departed for Lincoln Air Force Base

2,00 Depari.ed tir.coln via 1RTS aircraft for Na Maines, Iowa

3:00 Arrived Municipal Airport, Des Maines n

3:15 Departed by chartered bus for Ames laboratory, Ames, Iowa

L l$ Arrived for briefing and tour of Ames laboratory facilitiesi

6:00 Departed Ames laboratory for Na leines Municipal Airport

7:10 Departed Des ) bines for Chicago, Illinois via MATS aircraft

(dinner served enroute)

8:30 Arrived ChicaEo (Midway Airport)

9:30 Arrived Argonne Quest House

10:00 Brief reception Argonne Guest House

-8
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11:00 Overnight - Argonne Cuest House
,

?VE!NEUMY. November 27

.

7:30 a.m. Breakfast - Argonne Ouest House
i

8:30 Started tour of ANL facilities !

r

12:30 p.is. tuncheon * Argonne Ouest House, .

1:30 Continued tour of ANL facilities

4:45 short rest period
.t

5:30 Reception - Argonne Quest House
f

6:00 Departed for tour of Chicago via chartered bus

8:00 Dinner at the Stockyards Inn Chicago
,

10:00 Returned to Argonne Ouest flouse* *

i TifURSMY, November 28

'

7:00 a.m. Departed for Dresden Nuclear Power Station (breakfast
enroute - Mmor Notel on Route 66)

9:30 Arrived for briefing and tour of Dresden Nuclear Power
Station i

,

12:30 p.m. Departed Dresders facility for Midway Airport

2:h0 Departed Chicago Midway Airport for Detroit, Michigan
(Willow Run Airport)

b 40 Arrived Detmit (Willow Run Airport)i

5:00 Departed via chartered bus for Dearbora Inn, Detmit

6:30 Reception and Thanksgiving dinner - Deadorn Inn
.

I:

10:00 cvernignt - Dearbom Inn

i

FRIMY, Nov_ealer 29

8:00 a.m. Breakfast - DeaWorn Inn

9:00 Departed for Enrico Femi Atomic Power Plant

10:00 Arrived for briefing and tour of Enrico Femi Atomic Power *

Plant

12:30 p.m. Inncheon - Enrico Femi Plant cafeteria

-9- i
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2:00 p.m. Departed Dirico Femi Plant for tour of Ford Maseum,
Daarborn, Michigan

b 00 Departed Ford Museum for Willow Run Airport, Detroit

5:05 Departed from Willow Run Airport for Washington, D. C.
(dinner served enroute)

6:45 Arrived Andrews Air Force Dase, Washington, D. C.

7:4$ Arrived Statler llotel, Washington, D. C. '

9:00 Late dinner - !a Fonda Restaurant Washington, D. C.

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

CATtfRIAY, November 30

7:45 a.m. Dreakfast - Statler llotel

10:00 Departed Statler I!otel via chartered bus for USAEC
}!eadquarters, Gemantown, Md.

11:00 Arrived Gemantown for meeting with Cormnission and staff,
a. Review of Petrosyants visit
b. Impicmentation of Exchange Program ;

c. Briefing by Frank Pittman, Director, Division of Reactor
Developent, on U. S. Civilian Power Development Program.

11:h5 Heeting with Press Representatives

12:k5 p.m. Luncheon - Executive Dining Room, Germantown, Md.

2:00 Departed by chartered bus for Arlington Cemetery to
lay wreath at grave of President Kennedy at the request
of Chairman Petrosynnts

5:00 Returned to Statler llotel

5:45 Departed for reception and dinner at Chairman Seaborg's
residence

9:00 Returned for overnight stay - Statler flotel

StfNimY, December 1

9:30 a.m. Breakfast - Statler Hotel
I
i 10:30 Departed via chartered bus for sightseeing tour of

Washington, D. C.
,

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

2:30 Continued sightseeing tour

! -10
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14 :30 p.m. Returned to Statler Hotel for short rest period >[
7:00 Buffet dinner - Statler Hotel |

0100 Attended isovie "How the West Was Won" at the Uptown
Theater. Washington, D. C.

4

>

.11:00 Returned for overnight stay, Statler Hotel '

,

;

HONMY, December 2-

i

| '[
7:00 a .m. Breakfast, Statler Hotel

8:00 Depar+ed Statler Hotel for Andrews Air Force Base to
board NATS plane,

9:00 Departed Andrews Air Force Base for New York City
,

10:15 Arrived laQuardia Field, New York
,

11:00 Arrived Waldorf-Astoria Hotel '
,

i 12:00 p.m. Afternoon devoted to shopping at various New York stores.
Soviet delegation split into small escorted groups

!8:00 Dinner - Maassa Leontes Restaurant,

10:30 Unscheduled walking tour of Times Square etc.

Midnight Overnight - Waldorf-Astoria Hotel

TUESMY. Decamber 34

*
,

,

8:00 a.m. Breakfast - Waldorf-Astoria Hotel
i

9:00 Visit to Columbia University cancelled - Soviet delega-
tion continued shopping in New York City

1:00 p.m. Luncheon - Delegates Lounge. United Nations Building
|

(Chairman Petrosyants, Deputy Chai:1 man Sinev and Oleg.
!

Kasachkovskiy, accompanied by A. A. Wells and W. Krimer,'

f

attended United Nations luncheon. Balance of Soviet '

delegation continued shopping)

4:30 Departed Waldorf-Astoria Hotel for Idlewild Airport
-7:00 Soviet Delegation departed United States for Paris,

4

France via Air France Flight #700
,

M
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INFORMATION ON SITES VISITED

SA7URDAY. November 16

The visiting party was creeted at Idlevild Airport at 9:00 p.m. by Cheir-
man Deaborg, Cormaissioner Palfrey and other AEC representatives. The visitors'flight was delayed four hours in Stockholm due to mechanical difficulty.

After arrival at the Waldorf-Astoria flotel, a light buffet supper was served,
follow.ng which Chairman Seaborg and Dr. Fritsch, accompanied by the interpreters,
took the Soviet party for a valking tour of the Broadway district.

SUNDAY, November 17

Following breakfast, the group met with Chaiman Seaborg to discuss the
itinerary. Chairman Seaborg explained that the AEC was able to grant the Soviet
request for a visit to Oak Ridge National Laboratory on November 18, and that
full-day visite to the Dresden and Fermi Reactor facilities also would be pro-vided. Chairman Petrosyants indicated that the itinerary was satisfactory, com-
mented on the see-saving of the international scene, and then introduced the
members of his party. Thereupon Chairman Petrosyants presented Chairman Seaborg
with a miniature rep'Lica of the Serpukhov Accelerator, currently under construc-
tion in the Moscow outskirts, and with core samples from the First Atomic Power
Station at Obninsk. The members of the hosting party were also presented with
medallions of I. V. Kurchatov, after whcan 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 Dnpire State Building. At the Battery a Coast
Guard tug was boarded for a tour up the liudson River.

During the return to the Waldorf-Astoria Hotel, at the request of Chairman
Petrosynnts, a brief stop was made at the United Nations to pemit 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 Andreve Air Force Base, Washington, D. C.
The Special Air 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
group was met by Mr. S. R. Sapirie, Manager of the Oak Ridge Operations Office,
Mr. H. Both, Director of Research and Development, and other local AEC officials.

A social hour, planned by Union Carbide for the group was cancelled because
of the delayed arrival. The party retired to their rooms on arrival at the
Holiday Inn.

12
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OAK RID 3E NATIONAL IABORATORY
MONDW, November 1B

{

Dreakfast for the group was hosted by A. M. Weinberg Director of ORNL and
Mr. C. E.1 Arson. Vice President of Union Carbide. Mr. Veinberg presented a
briefing of the pmgrams at the laboratory. Following this, the group departed
for a tour of Oak Ridge National IAboratory.

Oak M dge Isochronous Cyclotron (ORIC)
Robert S. Livingston

Livingston described the ORIC from a model and then took the visitors on
a tour involving the control room. cyclotron vault, and east experimental room.
The external beam on an aluminum target with fluorescent material to accentuate
the beam was demonstrated for the first time; closed circuit television (camera
in vault room and screen in control room) was used. Beam strength was indicated
as 281 of the internal circulating beam. Livingston described the console and
the controls on the potentiometers (helipots) which are used as trinning coils *

on the cyclotron magnet field. He was asked about the magnetic field strength,
and he indicated an average field of 17,000 gauss and a maximum field strength
of 22,000 gauss.

4

In the cyclotron vault, Livingston pointed out the target (previously irra-
diated), the RF system, the switching magnets, and the focusing quadrupoleo. The
locations of the future analysing magnet and the future vall ports for passage ,

'

of the beam into the east and west experimental moms were pointed out. The
party then noved 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 instabilities. It was pointed out that the
energy of this cyclotron is not high enough for these instabilities to occur.
The energy for this cyclotron was indicated as ranging from 75 NEV for protons
or equivalent down to zero.

As vill be noted all through this report, Sinev was interested in construc-
tion details; in this case it was the Oak Ridge practice of having the cyclotron
D's and magnet pole faces in a verticsl plane versus the more common practice of*

having these in a horizontal plane. Livingston gave the following technical eval-
untions (a) Much of the accumulation of dust in the D's can be avoided, thus
reducingsp)arking: (b) engineering problems of supporting the D's are not as dif-ficult;(c this has been the Oak Ridge practice. D e Soviets merely " grunted"
and seemed to accept reason (c) as governing.

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

High Voltage Building (Substituted for the Radioisotope Area at visitors' request)
P.11. Stelson, C. D. Monk, and J. L. Fowler

Stelson used a disgram to describe the Tandem Van de Graaff, and then pointed
out the salient parts. W e Soviets were quite interested in the techniques of
reversing the charge on the accelerated particles and the control used to vary
the number of electrons stripped on bromine, iodine, and other atoms. Moak pro.
vided a chart indicating multichannel analyzer results, identifying the charge

-13-
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on the atoms being accelerated and including an isotopic difference. Much of the
detailed interest in the Tandem was lost when the visitors saw the !!1gh Voltage
Engineering plaque on the accelerator. They did inquire as to the extent of
equ1 aent shop - made or fabricated at OR3L in the experimental setups utilizing1

the beam. The flexibility available using the various bending magnets was des-
cribed. Fowler described the equipment available in the target room of the 3 MEV
vertical Van de Graaff, and Moak described the machine for automatic 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 Develo;raent laboratory (FPDL)
Arthur F. Rupp

The cells in the plant vere described, including the fact that the building
is divided into two parts--one for the chemical purification and the other for
mechanical handling of the products. The major products processed in this plant
are Er-90, Co-137, Ce-lbb, and in 1L7, but there is continuing interest in all
fission products. The technique of remote velding in one of the cells was des-
cribed. The visitors were interested in the total activity which the plant is
capable of handling. They were told 1,000,000 curies of Ce-144. The visitors
were shown ceramic pellets and some rovder of SrTiO of various specific activi-

3ties. The samples, as much as 30,000 curies each, exhibited a red glow. The
visitors vanted to know if the material was molten, and they were told no. Con-
siderable questions on darkening of cell vindows were raised. The visitors seemed
doubtful that the vindows in this plant were not darkening due to radiation. They
were told these vindows are solid glass containing stable cerium. Sinev asked
details of construction of the cell. He was told the cells were 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 know if the man.
1pulators are old or new models. He was told they are relatively new.

Oak Ridge Research Reactor (ORR)
William H. Casto

The reactor was described in general terms, and the visitors were permit-
ted to view the reactor from the rolling platform. The reactor was at full power,
and Cerenkov radiation was clearly visible. The various loops entering the top
of the reactor were identified. Afterwards, the visitors were shown the equip-
ment in the gas-cooled loop. The visitors expressed their interest in the reac-
tor fuel and attained burnup. They were adviset the fuel is 93% enriched uranium
in aluminum with aluminum cladding. Here again the visitors showed considerable
interest in construction details. Of particular interest were the scram annun-
clators. They were taken into the control room, and the various instnunents were
described.

Molten Salt Reactor Experiment (HSRE)
R. B. Briggs

i

Prior to visiting this site, the visitors wished to be assured that there
would be an MSRE model available for use in the explanation. ORNL had already
thought of this, and one was ready and described by Briggs. The visitors were

; interested in and given the chemical content of the fuel with their percentages
(1 UFg, $ ZrFg, and 63147F mol percent with BeF2 remainder), construction ma-

'

terials of the primary system (INOR-8) with alloy constituents (5 Fe, 7 Cr, andt

! 17 tb percent) coolant (BeF-1dF) to air. Sinev remarked that this is a lot of
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Mo. In addition, the visitors were interested in the operating temperatures,
viscosities, and stresses used in the design. Briggs pointed out that, rather i

than using a maxisten permissible tensile stress, the designs were based on a
maximum permissible creep at 1h000F. Sinev asked many detailed questions on

4

pumps (centrifugal pumps working in a partially filled vessel in which the free
surface of the fuel is in contact with helium). The visitors also asked about
control rods. They were told that there are come control rods but the main '

shutdown control would be accomplished by dumping the fuel. The visitors asked
when the M3RE was started. They were told the design began in 1960 and construc-
tion (modification of the Aircraft Reactor Test Building) began in 1%1. The
visitors inquired about the Oak Ridge Homogeneous Reactor. They were told that
it had been abandoned. There had been reports that the Soviets were working on
a molten salt reactor at the New Melekess installation. On being asked about
this, no fim answer was received; but on being asked directly about the fuel,
the visitors replied UO SO4 On viewing the reactor pit, the Soviets inquired2
about the large flanges, apparently thinking they were expansion joints. ney
were advised that these are remotely disconnecting flanges, and descriptions of
the flanges were given. '

High Flux Isotope Reactor (HFIR)
5

A. l.. Boch
P

Se visitors were provided "hard hats" prior to entering the HFIR building,
which $s still under construction.

,

Apparently the visitors did not understand
the need for the hats but did adjust quickly to wearing them. Boch described the
100 HW thernal reactor with a maximum themal flux of 3 x 1015 n/cm2/sec. The
visitors asked questions about the design data on the maximum heat flux. Some
questions arose at this point on understandin6 of the British versus the C.O.S.
systemofdefiningtheheatflux.60cals/cm/sec. A dussay fuel element was2

available for the visitors' inspection, and a description was given, including
a printed handout. Boch gave a general description of the fabrication techniques
involved in the fuel element. After the visit, Boch remarked that the Soviate
seemed to be more interested in the fuel than anything else. They were told the
fuel is U 033 in aluminum alloy with aluminum cladding.

'

Lunch
lloliday Inn

1. S. R. Sapirie, Manager, Oak Ridge Operations Office, expressed his
appisciation of having the visitors in Oak Ridge and his hope that
this would lead to further exchange. He read a telegram from Chaiman
Seaborg expressing his regret on the forced landing of the Columbine

i at Andrews Air Force Base.

2. Coussissioner G. A. Tape expressed the words of welcome from Chaiman
Seaborg received by telephone.

3 Mr. Alvin Weinberg gave a brief description of O!WL conclusions on
water desalinization. R ese includes

Unit costs of reactors decrease with increasing sizea.
b. Fossil fuel power plants also have decreasing unit costs with

increasing size of plant
The unit costs on nuclear power plants (at smaller sitesc.
generally higher than fossil fuel plants) decrease more npidly
with increasing size than fossil fuel plants

d. The crossover point is at about 10,000 megawatt
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Mr. 'a'einberg also stated that OpSL is studying a 25,000 megawatt plant (three
each, 8,:XX) megawatt 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 should be feasible in areas where fossil fuel costs are high and in desert
areas where water costs are high. The visitors offered little comment.

Following the luncheon, the Soviet gre ap continued its tour of Omit facili-
ties,

Controlled Thermonuclear Research (CTR) program
A.11. Onell, p. R. Dell, R. A. Inndl, and J. L.11tnlap

Mr. Enell described in three parts the CRIL CfR project as follove

ICX-1 - J. L. Dunlap
Ion density obtained - with sre: 2 x 109 per em3

without are: 2 x 108 per em3
Containment time - vith are: $ milliseconds

without are: 10.h0 seconds
Limited by volume of DCX-1 because of plasma expansion

ICX-II - p. R. Bell

lon density - with lithium are: 2 x 106 per em3
without are: $ x 107 per em3

Containment time: 5 milliseconds
Limited by charge exchange processes

Electron Heating - R. A. Ihndl

This has reached a beta greater than 0.2 in the excitation of plasma
produced by lithium are by means of RF heating from a microwave cavity

The group was then 61ven a brief walk-through visit of work arcac and
shown DCX-I, DCX-II, and the Electron Heating Device. We tanks, power sources,
and magnets were pointed out. The principal questions raised were magnetic field
strengths and injection energies used.

Stable Isotopes pm gram
T. O. love

,

While the main group of visitors vent on to the IDCR, Artsimovich and
Bogolyubov, accompanied by Cocnissioner Tape, continued their visit of CTR
(9201-3) and then visited the Stable Isotopes production Area (9204-1). En
route to Building 92%1, Artsimovich indicated that the Soviet electranagnetic
separators had vertical magnetic fields; that they used four tanks with three
arca per separator with a single yoke--the number of such setups was not indica-
ted: and that linear shima vere used on the first pass magnetic separators while
circular shims were used on the high purity (second pass) mass separatore. It
was not clear whether this work was done on uranium or stable isotope separa-
tions.

After the visit, Artsimovich indicated that the Soviets have done about
everything the U. S. has but perhaps not to the same purity. 'Ihe visitors were
shown the calutron tracks. Artsimovich asked to view the beam received on the
calutron pockets. They were taken up on top of the tracks and were shown chro-,

| mium and calcium arca and an arc in which S182 was undercoing simultaneous
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1sotopical seIeration. It is not clear that Artsimovich got the point of the
simultaneous isotopic separation of Si and S. He was told the total currentsobtained are 25-7$ ma of Ca 23-29 ma of Si, and 30-36 ma of S. They were i

shown a calutron source unit, and its parts were pointed out briefly; these !vere given as 35 KV plus and minus to ground. Artsimovich asked about the field I

strengths used, and these were given as 6,000 gauss. Artsimovich advised the
Goviets are using 9,000 gauss. He asked what enrichments are being attained.
When told that these vary, he specified Icad. He was told we get 30-931 in onepass.

Ibring the rids to the UT-AEC Iaboratory, Artsimovich indicated that ini-
tially all information the Soviets had was the Gmyth Report and that, at the ,

time, he did not believe the application of the electromagnetic method to ura- j

nium separation was feasible. )He said the biggest problem the Soviets faced
was a choice of the magnetic field strength to be used.

Gas-Cooled Reactors and ECR
L. H. Jackson and D. F. Cope

The visitors evinced great interest in the U. S. gas-cooled reactor program,particularly the ECCR.
Three members of the party, Afrikantov. Ponomarev-Stepnoy,

and Sinev, preferred to miss the discussions on the controlled thermonuclear
project and to spend the time in discussions with Jackson and Cope on the OROreactor program.

At the D3CR Jackson described to the whole group, except those at the Stable
Isotope Dailding, the flow diagram of the reactor, using a model. The reactor
containment, the small reactor core model and a mockup fuel element consisting
of seven elements in a graphite sleeve with simulated pellet fuel, including
plastic mockup of the Mgo pellet core, were described in detail. The visitors
were taken through the air lock (at elevation 795 ft.) and then on the elevator
to the service machine floor (at elevation 910 ft. ). At this point the visitors
could see the head of the reactor pressure vessel, including the nottlo stubs.
The construction contrector had Just finished the process of relieving stresses
introduced during fabrication. They were then shown the service nachines and one
of the steam generators (Braun) which transfer the reactor generator heat in thehelium gas to steam.

hern vere general discussions of dimensions, operating conditions, and
materials of construction. The visitors were quite interested in the one-half
inch diameter 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.

We visitors appeared quite knowledgeable on the U. K. and French gas-cooledreactor programs. They were not greatly interested in the Magnox stations nor
the French EIF gas-cooled reactors. They felt that the Dragon Project has po-
tential but that there are a number of difficult problems to be solved before it;

becomes a practical power producing reactor. They were greatly interested, how-!

l ever, in the U. K. Windscale ACR, which is the U. K. counterpart of the DGCR.
They were also interested in a comparison of the sodium graphite concept with
the OCR concept, exemplified by the ACR and the DGCR. They are. therefore,
looking forward to the Hallam visit for discussions on the AEC experience with!

this particular reactor. The visitors indicated that they are mnning sorse loop
tests with the various gases and have a cooperative effort with Czechoslovakia
on construction of a small gas-cooled reactor; however, their efforts in the GCR
area are very limited.

-17
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Specifically, a number of questions were asked about the relative properties
of helium versus 002 and the reasons why the U. S. had selected helium as the
coolant gas for the IDCR and for peach Dottom rather than selecting CO2 as the
Dritish had done for AOR. The Soviets plan on using 002 as the coolant gas for
the USSR.Csechoslovakia rcactor and vondered whether we foresaw major difficul-
ties in using this coolant gas. They asked whether any work had been done in
this country on usinG disassociative gases such as 1102 and 00 , etc. The Soviets2have perfomed some studies and find the themodynamic properties of the disasso-
cintive cases to be quite favorable but they have not perfomed any wor 1. on com-
patibility, cormston, mass transfer pmperties, etc. of these various gases.
Although the language difficulties made t'' point somewhat obscure. it appeared
that they were somewhat more interested in 1102 and CO2 than any of the otherdisassociative gases.

A number of questior.a were asked regarding the IDCR fuel and particularly
the burnups which might be expected. The visitors recognised that a burnup of
10,00019d/T did not offer sufficient economic incentive for CCR's and this
must be improved by a factor of two at leact. They were also aware that the AGR
is optimistic of obtaining burnups of about 20,000 to 25,0001&d/T with their
metal-clad fuel.

They questioned the status of compressor development and were interested in
knowing whether the U. S. was doing any work on gas bearing compressors. They
were aware that the Dragon project plans on using gas bearing ccxopressors and
that so far Dragon has not selected a vendor for supplying these units. They
were surprised to learn that the AE:C had embarted on the IDCR without doing more
preliminary development and testing vork, particularly with helium loops and major
components such as compressora, blowers, etc.

With respect to their own needs. Sinev, who was the most vocal of the visiting
group as far as reactors were concerned, indicated that many areas of their country
do not have easy access to fossil fuel and that, therefore, the cost of conven-
tional power is high. This provides an incentive to build nuclear power plants
and the USSR must face up to this decision in the near future. !!e feels that
at present the Soviets are carrying on too many concepts without making a firm
decision on which one is to be developed into power producing plants. He feels
that this is expensive and, therefore, they must make an evaluation and a deci-
sion in the near future as to which concept is to be used for their near future
power producing facilities. They are not favorably impressed with the pressurized
water or boiling water reactors and wondered why this country continued develop-ment of these particular concepts. Sinev placed these reactors in the same cate-
cory as the British Mignox reactors. Again, he reiterated their interest in the
sodium graphite concept and stated that the Soviets nave considerable experience
in the handling of sodium. It was Cope's impression that the visitors are very
seriously considering whether they should get into GCR's and are ^.rying to make
an evaluation of the merits of this concept as ccenpared to the sodium graphiteconcept.

Transuranium Program
A. Chetham. Strode

At the luncheon, and later whils the main body visited the Controlled Ther-
monuclear pm gram, Chetham-Strode discussed the production of transuranium uaterial
in the Soviet Union with Yakovlev. Yakovlev indicated that 10 grams of Pu-2124

in the fom of an oxide powder in an aluminum matrix vas being irradiated in theSoviet High Flux Reactor. It is enticipated that the sample vill be removed some-
time next year and that 100 micrograms of californium will be produced. They plan
to insert more target material into the liigh Flux Reactor sometime in the future
18-
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but at present there are no fim plans. Most of the material that is produced
is sent to Florov in Wacow for heavy ion bombarement and other studies. There Iwere no indleations that the New Melekess Institute undertaker any basic researchwith the material. It appears that this institute functions entirely se a pro.duction operation. Chetham-Strode was surprised that there was so little interest
in transuranium research at New Melekess. 1
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BROOlOtAVDi NATIONAL 1ABORA'KsRY
TUmbW, Novembe: 19

D) route from New York City to Brookhaven National kboratory Dr. Chkrles
Falk, Associate Director of the hboratory, briefed the visiting group on vari-

*

ous UNL progran activities.

14cn arrival at the Lcboratory at about 10:00 a.m., the visitors were met
by Dr. thurice Goldhaber, ILboratory Director, and other hboratory staff. After
introductory discussions, the visitors were escorted on a tour of the following
DUL facilities: Alternatin1 Oradient Synchrotron; 80" Dubble Chamber; Computer
Center; Utgh Intensity Radiation Develement hboratory; llent Transfer loops;
brookhaven C'aphite Research Reactor; litch Flux Beam Reactor.

ODIERAL OBSDWATIONS

Altemating Orndient Synchrotron (ACS)
G. K. Green

Chairman Fettesyants and the visiting delecation spent approximately one
hour viewing the general accelerator complex. They were shown the ring, the
east arca, the southwest area, and the north area. &ny routine questions sere
asked. One interesting questions was asked by Chairman petrosyants: "What was
the total quantity of metal used at the ACS per BIN 7" - I did not provide an

It was quite evident that he was fishing for some calibration of theanswer.
impact of a super accelerator on the economy.

bogolyubov seemed most interested in the high-energy experiments in pro-
gress at the AGS. lie particularly discussed the neutrino experiment, asking about
the difference between :he experiment planned here and the one recently done
at CDU.

So"Dubble Chamber
W. D. Fowler

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 site 80" long by 30" vide photo 6taphic
prints showing 6 DIN /C II beam from the ACS. A general description of the chamber
was given using models and the two chamber photographs were described. The
party then toured around the chamber and was shown the beam entry from the accel-
erator. Chairinan petrosyants was the chief questioner and asked about fifteen
questions. The questions were all of s minor nature, such as the thickness and
site of the vindow, etc. An undue amount of interest was shown by others of the
party in the closed circuit television equipnent.

Computer Center
p. V. C. Ilougb

The visiting scientists were shown the Brookhaven krk I Flying Spot Digi-
titer. 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 vore shovn. A new picture was displayed in real time on the low reso-
lution }kmoscope at the conso'.e of the brk I.

-20-
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H13h Intensity lladiation Development
D. S. Dallantine

In a general sense, I would say that there was rather keen interest both
in the facilities themselves and in various aspects of the research work. Ibs t
interest seemed to be centered on the problem of radiation damage to shielding
glass. I was surprised that the phenomenon was completely new to these Soviet
scientists since it is rather well known both here and in other countries. This
may be due to the fact that the visiting scientists were not personally familiar
with this area of radiation work or it may indicate that the Soviets do not have
any high intensity malation facilities where such a problem would be encountered.

}bst of the questions regarding the facility were asked by Messrs. pett:csy-
ants and Artsimevich. but most particularly by ratachkovskiy.

1.iquid-Hetal Heat Transfer Facilities
O. E. Dwyer

The group evinced a great deal of interest in the liquid-metal heat-transfer
work as far as instrumentation and hardware vere concerned. They showed little
interest in experimental results. They b mbarded us with questions, 90 percent
of which came from Ginev, Kazachkovskiy. P. nomarev-Sternoy, Afrikantov, and
Chaiman petrosyants, in that order of decreasing curiosity. The type of ques-
tion they asked showed real acquaintance with liquid-metal technology. This was
particularly tme of Sinev and Kazachkovskiy. The type of question asked was
very similar to what a visiting engineer from one of our sodium-cooled reactor
projects might ask.

Chairman petrosyants, Kazachkovskiy, and Sinev showed particalar interest
in the ele:trodynamic pump on our NaK loop. Chairman petmsyants was very dis-
appointed when we vere not able to shu him drawings of the working parta. Their
questions dealt with such matters as: materials of constmetica, energy levels,
heat flux, flow rates, manufacturers' names, pump capacity, temperatures, pres-
sures, insulation, attainment of high heat fluxes, valve perfomance in alkali
metals, types of liquid metals used in our studies, the purposes of each of our
heat transfer projects, " vetting vs. nonvetting" effects on heat transfer, etc.

Sinev and ponomarev-Stepnoy seemed very much interested in our boiling.
potassium heat-transfer project. ponomarev-Stepnoy asked whether the work was
related to some particular prcJect or van carried out for the purpose of getting

. fundamental infomation. We replied it was the latter. In our discussion on
the boiling-potassium vork, Sinev showed great avareness of the problem of get-
ting high fluxes, i.e., approaching 106 Btu /hr/ft. At that point, I asked him2,

; about boiling-liquid-metal heat-transfer work in the Soviet Union. He replied-

that such work was going on with sodium and natrium. He mentioned these two
liquid metals two or three times which led me to suspect what he actually meant
was sodium and potassium. When we were looking at the NaK loop a few minutes

,

earlier, John Chen as':ed ponomarev-Stepnoy at out boiling-liquid-metal heat-trans-!

|
fer work in the Soviet Union, and he replied that he vna not familiar with that
subject and was concerned principally with the over-all utilization of atomic

Sinev's statement was the first indication ve have hr/. of boiling-liquid-energy.
metal heat-transfer studies in the Soviet Union.

Sinev stated that in their boiling-liquid-metal heat-transfer work they are
planning to obtain high fluxes by electmn bena heating. As far as I know, the
only ones in the United States planning to use this type of heating for this pur-
pose is the IIcat Transfer Group at Argonno Nationel laboratory. Kazachtovskiy
told Sheldon Kalish that the Soviets are having difficulty with the valves in
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their sodium-cooled reactor plant. The difficulty seems to be that after a few
cycles, the valves cannot be completely shut off (leakage at valve seat).

When leaving Building 820, Sinev asked for some copies of our recent re-
sults so that he could pssa them on to V. I. Subbotin, a well-known liquid-
metal heat-transfer researcher in the U.S.S.R.

Brookhaven Graphite Research Reactor (BGRH)
R. W. povell

Tne delegation toured the Graphite Reactor, and were shown our new data
handling system which is installed in i.he old Sigma Center on the second floor
of the reactor. This data handling system is built around a small computer and
has the unique fentt.re that it can handle data from two separate experiments
s12nultaneously. I explained these features to the delegation and they seemed
very interested in this new application of computers for data handling.

petrosyants inquired of povell about the facilities at the Graphite Reactor
for routine vashing and checking of radioactivity from pile operators. Chaiman
petrosyants tried to imply that the facilities were not very extensive, but povell
vould not accept this point of view and made a point of explaining, in detail,
all the steps through which an operator must go af ter he finishes his shift.

I had brief conversations with several of the group, spending the most time
with Sinev. lie admitted to being the turbine designer of the ice-breaker lenin
und was very pawd 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 100f.
lie said that no other ships like the Lenin would be built and that the next ship
would be a substantial advancement over the lenin. He pointed out that the Lenin
had essentially a spare reactor and that be did not believe that thi, was neces-
sary for future ships.

It1Fh Flux Beam Heactor (HTBR)
T. V. Sneehan, J. M. Hendrie, and V. E. Vensche

Chaiman petrosyants asked when the HFER vould be completed. When told
the scheduled date is April 1, he laughed heattily and expressed doubt that we
vould make it.

ponomarev-Stepnoy was asked shat ultimate application they had in mind for
their research in high temperature licaid metal technology. He replied that the
application is not important.

Yakovlev inquired what constituents we expected to remove in the heavywater cleanup system. He also asked where the design data concerning perfom-
ance of the ion beda came from.

It was noted that ponctnarev-Stepnoy is 1Merested in reactor shielding,
reactor vessel material, fuel elements and prueens conditions, while Sinev is
interested in heavy equisnent, pumps, heat exchangert, etc.

It was noted that Kat.achkovskiy and Afrikantov vere very interested in fawt
reactors and referred seve al times to their BR-S reactor. They both stated that
they were strongly in favor of conventional engineering and design in fast reactors
and that they felt that there are not great additional problema in fast reactors
as comparea aith thermal reactors. They do not believe in testing such as is
done at AR00 on the SPERf program. They indicated that they have design work
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proaeeding cn a 100-megawatt fast reactor to be tied into a distribution grid.
Since they seemed so strong on conventional design, it would appear that this
vould be oxide-fuel clad in stainless steel and cooled with sodiurn,

h ey asked several questions with regard to our philosophy on double-
valled heat exchangers where the heat from sodium is transferred to vater. I
told them that I had not studied this situation and did not know of the US *

viewpoint. %ey indicated that they did not think double 'salis vere necessary.
They use a U-tube arrangement and have a helium blanket at 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 did not respond to
questions with regard to other refractory fuels other than to indicate that the
next fuel for BR.) would be uranium monocarbide clad in stainless steel.
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PRDiCETON UNIVERSITY
VEINE31MY, November 20 i

r
i

!

At approximately 10:00 a.m. the roDowing Soviet visitors arrived at kPri4ceton University to tour the Plasma mysics laboratory: Inv. A. Artsimovich,
N. N. Bogolyubov, O. H. Yakovlev and V. Revin.

!

!

Af ter a greeting by H. D. Caryth, L. Spf tter and H. G. White, the group !

proceeded to the Visitors Ca11ery 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. C.
White of the princeton Pennsylvania Accelerator. W e remainder of the group in- ,

spected the- C stellarator and the Q-3 cesiurn plasma device in the company cf
iDpitzer and roernbers of the Plasma IAboratory Staff. -
!

,

!

At 11:20 a.m. the group dnarted from the Plasma Ihysics laborotory for
Dayre itall, where they were rejoined by Academician Bogolyuboy. At Sayre 11all
Academician Artsimovich spoke to an audience of about 100 on Soviet programs
in controlled thermonuclear research. (See appendix B for text of Artainovich,

;address ).

. Following the session at Sayre Hall, a group luncheon was held at the Iovrie
| House and the visitors departed for New York City. ,

?

;

.General Observations

Iuring the course of the Princeton visit, Yakovlev left the group to visit
,

with Professor Turkovich at the Nuclear Chemistry laboratory. They discussed -

the beta ray spectrometer and Yakovlev renw.rked that he knew all about it, liked
it and was building scs e since several Soviets had studied in Copenhagen where

; this spectrometer was developed.

Artsimovich info:1oed L. Spitzer that thcre were three stellarators under
construction in the Soviet Union--one at the Kurchatov Institute, one at the
Lebadev Institute, and one at Kharkov. We one at IOtarkov has dimensions about
the same as the Model C stellarator at Princeton, but with a somewhat smaller
magnetic field, in the range from 25 to LO kilogauss. Artoisovich numarked that
he had personally advised against building so many stellarators.

c :
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INDIAN IVDfT
NUCLEAR TOVIR PIANT

WEINILIAY, November 20

The visitors were escorted frus New York City to the Indian Point Nuclear
Power Plant by Mr. W. M. leonard, Public Relations, Cons 011 dated - Edison Com-
pany, and overr.11 guide for the Indian Point tour.

Following a briefing of the plant layout and operation, the group vas shown
various sections ccacprising the Indian Point reactor site.

Key officials who acted as hosts, leaders and spokesmen included:

R. Frank Brower - Vice President, rngineering and flates
H. L. Varing - Vice President, Purchasing, Fuels, Stores

Real Estate and Insurance
H. H. Ulrich - Vice President
Ibnald Crawford - Vice President
George E. Quinn - Manager, Production
Richard F. Freyberg - General Superintendent, Indian Point

Station
Joseph A. Prestele - Assistant General Duperintendent, Indian

Point Station

General Observattina

Mr. Petrosyants seemed to be very knoviedgeable concerning nuclear power
and be was very disappointed, as well as the rest of the group, when they were
not admittcd to those areas in which radiation was present, i.e. inside the con-
tainment vessel. he Con-Ed company does not pemit any outsiders (US or for-
eign) to visit these controlled or exclusion areas. They did not make an excep-
tion for this delegation. However, the Company did a d e one exception when
they permitted the Soviets to take photographs in the control room. The pro-
hibition against such photographs is company policy and is not for securityreasons.

Sinev was very inquisitive regarding scale on the control rods and wanted
to know their design and the material of the last seal. Broughout the visit
he repeatedly came back to the subject of bermetically sealed control rods. He
also requested infomation concerning the main pumps and asked if he could have
a manufacturer's brochure or instruction manual concerning t' e pumps. He in-n
quired as to what material was in the journal bushing of the pumps, how it was
machined and whether or not graphite bearings were used. He was told that the
bearings vere Graphite. He was primarily interested in the design and materials
used. However, he was tot interested in the boiler feed punpa on the steam side
of the plant, but did 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 to remove ; articulates from the coolant and the efficiency of the
chealcal exchange resin. Afrikantov questioned why a cooler preceeded the ion
exchange bed and was told that thc temperature of the resins could not exceed
1200 The Soviet cossnent was, "just like ours." He also made a number of ref-
erences to the purification inlet filters as to their purpose and constrvtion.
The fact that this filter is of a cellulose type was of interest to him. He
was also particularly interested in the mechanical filter at the ion exchange
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outlet and why this had to be it micron mesh. The answer was to prevent break-
through of the ion exchange medium.

t

i

The Doviets vanted to see the fuel handling equirseent. Because this equip- i

ment was already wrapped in polyethylene and cealed during the nomal storage,it was not available for viewing.
j

The Soviets were not particularly interested in the thorium-dioxide / uranium-
dioxide fuel which cceprised the first core of the Indian Point reactor. Tsy ;
vero not surprised that the control rods were ganged and that the fuel distri- '

bution was a synnetrical pattern. They did query as to why tne second core was
being made of slightly enriched uranium dioxide. The answer was based purely t

on economics.. The first core utilized fully enriched uranium and the rental
charges verv extremely high. The second core vill cost $2,0M,000 as comparedto the $$,000,000 cost of the initial cora.

Afrikantov was very much interested in the troubles experit.nced with No.- 14
steam generator which permitted primary water to leak into the s'econdary system.
This is the U-type heat exchanger, 18 feet long. The straight p Ttion of the !

1

tube is velded to the curved portion. This was due to inability to draw tubes !

of adequate length at the time then heat exchangers were constructed. The
Soviets proudly said that they can arav the tubing up to 12 meters. No comments
vere made by the Soviets concerning stress corrosion and there were no discus-'

sions concerning zirconium cladding.

Sinev was particularly interested in the fast that the Con-Ed people required '

m er two weeks to wash out the condensate of the primary system. It was not
clear to Sinev why this was necessary.

The Soviets were very interested in the amount of cobalt present in the prk,

mary coolant and questioned as to what the total activity of the primary water
When hearing that it was 10-2 microcuries per milliliter they were some-was.

what surprised that it was so lov.
how much cobalt-$8 and cobalt-60 was present.TheycamebacktothispointangagainaskedThe answer was lx10- parts, res-
pectively. The Soviets then asked the material ccaposition of the system and
when told that a special stainless steel was used (for which the company paid a
premium) containing less than .0% cobalt, they all shook their herde knowingly'

-- it was evident why there was such a low cobalt content in the coolant.

Wey were very much interested in the superheater principle but were not '

concernef vith the constmetion 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 was approximately $80 per kilowatt whereas the
nuclear portion cost'was $300 per kilovatt. These are capital costs. They were
told that the plant produces electricity at a cost of 14 mils /kv-hr which they

'

considered a bit expensive. They remarked that in the USSR the cost of a nuclear
power plant is about one and one-half times that of a conventional plant.

Afrikantov was very much interested in the constmetion of the reactor ves-sel. He asked whether it had a living and how the internal lining was applied.
This inner liner is rolled directly on the plant and in the areas of the nozzle
a sealed overlay is applied. He was interested in detemining that the liner
was also spot velded to the main vessel.

On departing from the plant, petrosyants inquired hbout the voltage levelof the power lines caning to the substation. Rese lines are 138 kilovolts and3b$ kilovolts and he was told that the voltage was this lov due to the short dis.
tance to their consumers. W e Soviets mentioned that they were considering powertransmission at the 1,000 kilovolt level.
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It was indicated by the Soviets that the Novoyoroneth yover station is ex-
pected to beccee critical in late December. They expect it to operate at low
power for a month tefore steam is produced.

1

At e.w point the Soviets asked if the area surrounding the plant was mont-
t4 red for radiation.
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IAVRDICE RADIATION 1ABORAER! - 3LTG1CY
Tl!URSMY, November 21

The visitors arrived via USAF Special Air Mission aircraft of MA7.3, at
Oakland International Airport about 3:20 p.m. , !!ovember 21.

We party was escorted to LRL-Berkeley by Mr. E. C. Shute, SAN, and E. M.
McMillan and H. A. Fidler of LHL.

Following arrival, the group started on a program of visits which included
brief stops at the bevatron, bubble chambers, data processing and cornputers
and the 88" cyclotron.

Following the late afternoon visit to LRL facilities, Chancellor Strong en-
tertained with cocktails and dinner. The group then departed for an overnight
stay at the Falmont Hotel in San Francisco.

LAVRDiCE RADIATION iABORAERY - BERKELEY - continued
FRIDAY, November 22

The LRL ptwrnm began about 25 minutes late, but, as planned, with some
minor changes. When verd about President Kennedy's assassination was received,
the people in Mr. McMillan's office who were working on arrangements for the
subsequent days were stunned. A confirming report was sought by telephone, a
'IV set was located and wheeled in and radios were tuned in. Mr. Fidler informed
the visiting party. The program was stopped until new plans <:ould be formulated.
The USSR group mostly stood by outside Bldg. 70A 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 was 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.
Ile kept the physical safety and interests of the USSR group uppermost.

Mr. petrosyants was advised by his Dnbassy to place himself in the hands
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.S. Bey were interested in the early reports that started linking
t.he assassination to a person with a Communist background.

Chaiman Seaborg had by this time evaluated the pros and cons cf the many
aspects of safety and interest. His decision was 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. S. host in the interim, assisted by
Paul W. McDanici and Arnold Fritsch. Dr. Seaborg then left for Washington, D. C.

; Following small group departures from the hotel and baggage loading and
! checkout, the group boarded the bus and a tour was made around the Embarcadero,!

thmugh Fisherman'sWharf, across the Marina, over the Golden Gate Bridge and
; back. The tour continued around Iand's Fad and the Great Highway to Golden
|. Cate Park. he group then proceeded on a direct route to Yosemite National Park.
!
i Following supper in Modesto, California, the visitors arrived at Yosemite

Lodge 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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YOSENITE NATIONAL PARK 't^

'
CA WRT4,Y, November 23

r

he entire day was devoted to leisure and sightseeing along the lines ofthe following schedule.
i

11:30 a.m. Assemble to discuss program

12:05 p.m. Travel to Village Store
i

k12:50 Return to lodge

1:45 Iaancheon in careteria
i

2:40 Maseum lecture and tour
,

'

!3 k0 Visit Ansel Adams Studio

4:00 Visit to Mirror Lake
.

4:30 Return to lodge
'

: 5:30 cocktail party in Redwood Room
,

6:10 Dinner
,

7th5 Novie, "This is Yosemite," in Iounge
V

.

; 8:15 Ranger naturalist talk in Lounge

YOSDGTE NATIONAL PARK - coatinued
,

-
SUNIAY, November 24

On Sunday, sightsee 14.d in Yosemite Park continued and the tour covered
most of the points of interest in the valley. In the late afternoon the group
departed from Fresno, California en route to Idaho Falls, Idaho.

-

<

1
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NATIONAL REAC'f0R TESTING STATION !
NOND4Y, November 25 !

!

'l
t

Following a group breakfast in the Westbank Motel. Idaho Falls, the Soviet
'

visitors departed by bus for a tour of NRTS facilities. Academicians Artsimovich
and Bogolyubei, being interested primarily-in controlled thermonuclear reactions ;

and high energy physics, remained at the Westbank Motel and watched President
Kennedy's funeral servicas on television. . Paul McIhntel, Director, Division of

.

!

-Research, Headquartere unained with them.

Dtroute ' 4RT3, Mr. William L. Of nkel, Acting Manager, Idaho Operations
Office briefeo sno Soviet visitors on various programs at NRT3. included in the
. tour were the follo"ing major NRTS factU. ties:

Experimental B veder Reactor II
! - Mobile Iow Power Nuclear Power Plant (FL-I) !

Special Poder Excursion Reactor Tests (SPERT) >

Materials Testing Reactor (MTR)
>'

- Engineering Testing Reactor (ETR) :

Advanced Testing Reactor (ATR)
Experimental Breeder Reactor (DR)
Zero Power Critical Facility (ZPR-III) I

Boiling Reactor Experiments (BORAX-V)

NR15 Tour
"

i

Television sets were installed at the DR.II and at the Central Facilities '

cafeteria at the suggestion of the Soviet delegation. The tour party watched
a portion of the funeral preliminaries prior to touring DR-II and part of the

,

'

service following the tour. Approximately one hour was consumed observing tele-
vision at DR-II in addition to time spent during lunch. Mr. Yakovlev stayed
at EBR-II to watch the remainder of the funeral service before rejoining the |

group at lunch time. The Soviet visitors were preoccupied with technical and
mechanical details to the exclusion of discussion of the overall technology or
bmader aspects of the test station programs.

At E I, MTR-WR and DORAX several of the Soviets indicated extreme interest
; in data and information on ion-exchange systems for water purification, much of

which seemed elementary to briefers and guides.

At DR-II the principal interest was in materials handling equiiment within,

the Fuel Cycle Facility cells.,

: At E-I more pictures were taken 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. Petrosynnte with ,

a model of the E.I mounted on a section of HO gauge railroad track.

" At SPERT the only special interest noted was in the laminated vessel struc- ,

ture of SPERT-III. l

. At the Test Reactor Area the ' guides were subjected to intensive questioning l
regarding details of *.he experiments and loop designs, which infonaation was

,

generally refusid the party. No special intetest was shown in the ATR construc- i
tion. !

|'
.. .'At' DR.I, ZPR, BORAX the primary anterest was in the DORAX fuel element prob-

1- .lem. They were apparently aware of the problem prior to arrival. Near the end 1

30-~
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of the day (when time was running short) several of the vi'itors, although not
identified as understanding English, were listening to the guides and pursued
discussions and asked questions without waiting for the Diglish-to-Russian trans-
lation.

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

H16hlights of hnversation Between Dr. A. J. Vander Weyden, Deputy Director,
,

I3 vision of Reactor levelopnent and Oleg D. Kazachovskiy

Superheat Fuel. barlier, at the BORAX V site, there were a number of ques-
tions by the Soviets on the performance of the superheat fuel elements end they
were told that a ccanpletely satisfactory cladding material has not yet been de-
veloped. They asked specifically about various stainless steele and nodded,
knowingly, when it was mentioned that 304 stainless steel does not appear to be
satisfactory. Since no one else raised the obvious question, I asked what they
had found to be satisfactory cladding for their superheat elements and tne ques-
tion was not answered. In the later conversation with Kazachovskiy 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 appaars to be much bet-
ter thsn the 304 stainleos steel. He said that since he was not a metallurgist,
he was not familiar with the specific composition.

Status of power Economics and Fast Reactors. Kazachovskiy said that the
" state of the art" in USSR is such that they believe that they will be able to
build water reactor plants which will produce power competitive with fossil fuel
plants by 1967 and that they have, as a target, economic power from fast reactors
by 1973 He said that the latter vill depend upon success in certain develop-
ments uch as ca tide fuel (or possibly nitride): (1) they have been vorried
about the problem of carburization of stainless steel and now are working with
hypostoichiometric monocarbide; (2) they plan to test carbide fuels soon in their
small fast reactor; (3) they are also investigating niobium as a cladding material
for fast reactor fuel.

In sunsnary he said that they believe all of the fast reactor technology is
now "do-able" particularly in light of the favorable results in the technology
of h ndling sodium which they have learned about in the U. S. The principal
outstanding problem is the developnent of an econcanic fuel cycle.

Chemical processing. Kazachovskiy asked if we had any programs on aqueous
processing of uranium carbide ar.d commented that he thought this type of process
would work although it may not be the best. I told him that the only work on
processing carbide fueled by aqueous methods with which I was familiar was on a
laboratory scaae. but agreed that it appears possible to handle such fuel by
such a process.

He asked if we were considering electmchemical processing of fast reactor
fuels in molten salt. He implied that it would be possible, by careful contml
of electro-potential to selectively eeparate the products from such a system.
On the other hand, their experience with aqueous processing has been very good
and he ccramented that the process probably vill work for fast reactor fuels, but
it may be too slow to achieve reasonable econectics. He said that their work on
non-aqueous processing in general is not as advanced as ours, and that they have
only done some laborato v investigations en fluoride volatility.

,

Possible Soviet program on Reactors for Space Application. Two questions
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were asked by the Soviets which imply that they have a program on reactors for
space application. The first one was whether or not we are looking at power
pit.nts substantially smaller than ML-I; namely, in the rance of a few kilowatts.
This question was asked by Chairman petrosyants at the ML-I site and the Aert-
jet n.an replied that they had no work going on in smaller site unite. The sec-
ond question, which was asked by Kazachovskiy, was hov extensive is our experi-
enee on liquid metal systems at temperatures above 2000 P. I " ducked" this ques-0

tion by replying that we are investigating, in our fast reactor program, temper-
0atures only up to 1200 T because of " hot spot" limitations on stainless steel.

fieneral Observations

In spite of the difficult circumstances of the timing of the I mho Fal3s
stop imediately following the president's assassination, the visit scher' ~ i >

proceeded smoothly and all objectives were accomplished; however, the ag..ida
was extremely rigorous. Consistent with ID planning and in accordance vit.: the
visitors' vishes, local fress covemcc vse minimum and newspaper articles and
TV news programs were " played dovn and generally appropriate to the circumstances.d

There was apparently no significant or general adverse reaction in the consnunity
to the conduct of the visit. Argonne and Fluor Corporation (constructor of the
ATR) observed Monday, November 25th as a non-work day but phillips and Aerojet
facilities were staffed to nomal levels at the time of the tour.

Because of the very demanding schedule of facility visits, several proposals
were made to the delegation to eliminate one or more facilities in the interest
of nore extensive and reasonable cover y;e of those visited. However, in res-
ponse to each such proposal, the deletation indicated a strong desire to complete
the schedule in total and this was acecenplished by extending the time approxi-
mately one-half hour. Cmpared to other high level foreign visitorgrcu;m md totte
previous Seviet delegation in 1959, this group was significently more oriented
toward technology and even mecharical details rather than broader scientific or
prograramatic aspects. Except for a discussion between Chairman petrosyants and
General Manager Luedecke in the general area of reactor safety and siting philos-
ophy, the group evidenced no significant interest in or awareness of management,
prograr:raatic or organizational aspects of the Test Station overall. The only
significant probing into areas outside the exchange program came in the inquiries
into details of test reactor experimental programs, some of which are classi-
fled and a discussion was tactfully avolded.
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HALLAM NUCLEAR IOWER FACILITY
'RIESIAY, November 26

Following a group breakfast at the Cornhusker Hotel, Lincoln, Nebraska, the
Soviet party proceeded to the reactor site which is located approximately 1$
miles southwest of Lincoln.

The evening before, Academicians Arts.uovich and Bogolyuboy had expressed
the deeire to pass up the visit to Hallam in favor of devoting more time to the
Argonne National laboratory. Arrangements were hurriedly made and the two Soviets
were put on a commercial flight from Lincoln to Chict.go, Illinois where they were
met and hosted by A. Creve, Director of AL

Upon arrival at IIallam, the visitors were given a briefing and general ori-
entation of ths nuclear facilities, the control sm, the conventional facilities
and the administration areas.

Key officials present for the briefing and tour included:

Frederick H. Wagener - President, Consumers Public Power District
buy L. Cooper - Secretary, Board of Directors
Wayne E. %rter - Executive Director
R. L. Schacht - General A nager
R. S. Kamber - Power Supply Manager
J. D. Cochran - Plant Superintendent at Sheldon Station
James E. Owens - Superintendent, Field Operations - Atomics International
W. M. Soule - Site Representative, AEC
Dnerson Jones - cia Consultant to the General Manager of Consumers

ver 1 strict

General Observations

A number of questions were raised on the bu11 din 6 and structure itself.
The intent of the questions seemed to be in connection with containment. The
visitors all nodded when it was explained that the structure was designed for
leak tightness with leakage into the building, but was not a containment area.

Considerable intarest was displayed in the area of sodium purity specifi-
cations, the total volume of sodium in the primary system, what the retention
volume in the fill tanks was, how the initial unloading and fill was accomplished,
and whether the initial fill sodium was filtered. They also 3xpressed interest
in the area of how much make up vas required in the sodium systems and how often
it van required.

Interast in the reactor bellows fabrication was quite pronounced. Apparently,
they were concerned with the construction problems since they asked about the ma-
terials involved, how it was actually fabricated, how many convolutions it had,
etc.

Mast of the group were very interested in all aspects of the fuel handlica
cachine, 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 gas
loth mechanism and the rotation. One comment made which was of interest was the
fact that they covered the entire floor area. They seemed amased at the fact
that no protective clothing was normally required in the high bay area.
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There vere questions asked regarding the construction details of the steam
generator. They were quite interested in the duplex bayonet heat transfer tube
construction. They commented on the expense of such a design.

Most of the group apIeared impressed with the temperature scan unit in the
control room. A number of questions were asked on the operation of this device.

Several questions were asked about the control of the fuel outlet tempera-
ture. They wanted to know if the orifices were s stic, if they could be ad-
justed from above the floor, what type of therme;' ,2es were used, where the
thermocouples were placed, if the orifices could be adjusted while o;erating and
construction datails of the orifice mechanism.

They 5:ere quite interested in the opinion of personnel here concerning the
future of the sodium graphite concept.

Sevvral questions were asked about 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 were asked about the fuel cladding, methods of fuel
febrication, the annulus between the fuel and cladding and operating .mperatures.
They seemed amazed that typw 304 stainless was uses for the clad material. They
asked if we knew that it was no good above 600 C. This point came up again and0

a6ain during the tour, bas ride and lunch. Even after explanations were made
concerning the operating temperatures of the fuel, sodium pressures and temper-
atures, they still did not ceen 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;1, etc.

*

One of the two groups was very interested in the sodium pump drive motors
and the electromagnetic couplings They wanted to know details on the type and
site of the prime mover, why tha sC type with the variable speed coupling was
preferred over the DC type anf what the economics were. Both groups were inter-
ested in the pumps themselves. ? hey wanted to know if they were stock items,
built by commercial firre or At.nics International and expressed approval when
told they were built tr Oy,ua-Jackson.

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

A-few questions ve r raised on the use and operation of the plugging meters.
They inquired about the normal, maximum and minimum plugging temperatures. Sev-
eral questions were asked about the carbon and hydrogen content of the sodium.
They seemed surpriced that hydrogen content was not constantly measured.

They wanted to know what the control rod helium system leakage van. One
visitor proudly announced that they were building hermetically sealed contml
rods with a four meter travel. These vould be nearly the same length ao those
used at Hallam.

Some questions were asked about the ability to operate the conventional
and nuclear plants in parallel. They also vanted to know about the economics
of the operation of the two facilities, the individual and total cost and cost
study breakdowns.

Several questions were raised concerning the maximum and average hot
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spot temperatures for the U-143 and UC fuel elements.

One visitor, Siney,
in the field of gas turbine application.was quit.e interested in what the United States was doinglie seemed very enthusiastic about the
concept of using gas rather than steam and implied that r,as cooled reactor sys-a tems using gst turbine drives were very practical. lie e .. d that the USSR isf) vorking on a 50 and 100 Mw gas turbine design. It was ni - clear whether theseg were related to a reactor project.

In sunanary, the Soviet group was interested in just about everything, es-
pecially me t mical design, fabracation techniques, types of materials, stress
calculation and design criteria. They commentr.d oa the fact that the United
States and the USSR vere trying to stir too many pots at once. They implied that
it would be better to pick one concept, develop it to the maximum extent and then
build many of them before proceed 1nd to another concept. They mentioned the U. K.

'

cas cooled program as an example of intelligent programming.

!bst of the visitors appeared to prefer sodium plants over water-cooled
systems.

They said that they were doing extensive work on fast reactor concepts
and plutonium production breeders and converter concepts. They spoke freely of
the emphasis they placed on plutonium production. All of the visitors appeare,d
impressed by the cleanliness and layout of the plant.

I

,
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AMai LABORATORY
TUIDIRY, November 26

Upon arrival at Ames laboratory, Ames, Iowa, a c.iering sessit,n was held
in the Office and Laboratory Building. Key officials participating as host',
leaders and spokesmen included the following:

Morton Smutz, Assistant Director
A. F. Voigt, Assistant Director
H. A. Wilhelm, Associate Director
O. N. Carlson, Metallurgy Division Chief
W. H. McCorkle, Reactor Division Chief
J. D. Powell, Senior Chemist
W. E. Dreeszen, Administrative Aide
A. E. Edvards, Laboratory Business Mana6er
R. W. Fisher, Administrative Aide
W. H. Smith, Information & Public Relations Asst.

Included in the briefing were discussions on the ion exchange process for
separating rare earths, the reduction and purification of metals and the fonningof metals. Following the briefing, the main group visited the Metals Develop-
ment Building and the Reactor. Kazachovskiy and Ponomarev-Stepnoy visited the
hot loop area and reactor. Yakovlev and Valentin Revin, visitec the radiochemis-
try facilities and the Metals Development Building.

The main group also saw the ion uchange pilot plant, the large-scale metal
reduction equi}nent, the electron beam melter, horizontal zone refiner, iodine-
metal purification apparatus, extrusion press, high speed forger and the Ames
Laboratory Research Reactor. Yakovlev saw the radio-chemistry cells and the
neutron generator.

General Observations

A large number of questions were asked about the details of the equiinent
and apparatuo seen on the tour. These questions seemed to be the same type of
questions asked by the usual visiting groups.

Kazachovskiy and Poncnarev-Stepnoy seemed especially interested in the ap-
paratus of circulating molten metals through metal loops. Both appeared to be
quite familiar with the apparatus and equipment used in circulating molten metals.

'Ihere were no unusual conversations or discussions.
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TA. 0m'E !!A.IONAL 1ABODJ.M'tY
VE!I!ESDAY, Noeaber 27

Following a group breakfast in the Argonne Guest House, Albert V. Creve,
Director, Argonne National Laboratory, gave c. general orientation briefing on
the various activities at Arconne. The delegation was then divided into two
groups to visit the following unclassified ANL facilities: Chemistry Division,
Applied Mathematics Building, Zero Cradient Synchrotron, Fuel Fabrication Facility,
CP-5 reactor and Liquid Metal Research. At the ccnclusion of the tour, the group
assembled for discussions of the A 322 and Faret reactor concepts.

Key officiala participating as hosts, leaders or spokesmen included the fol-
loving:

Albert V. Creve, laboratory Director
Kenneth A. Ibibar, Manager, Chicago Operations Office, AEC
Stephen lavroski, Associate Laboratory Director
Morton Hamemesh, Associate Laboratory Director

General Observations

Chemistry Division
k. M. Ihnning

The entire group of Soviets arrived at the Chemistry Division as scheduled
and were provided with a 20-minute briefing on the work we are presently engaged ,,

in. Following the briefing, the group was taken on a tour of the facilities.
The first thing that occurred was during our visit ti the " Cave". A number of
comments were made by the Soviets concerning the lack rf stainless steel liningin the cave. They were told that we do not use stainless steel lining since it
will corrode as any other metal. I explained that the interior was painted and
was equally as effective as the Soviet use of stainless steel; furthemore, itwas much less expensive. Chairman Petrosyants agreed that it probably was if
it was as effective as stainless steel. Chaiman Petrosyants then got down on
his hands and knees and began chipping the paint covering off the floor and com-
mented, "you say this is new, but look how easily it chips". It van explained
that it does not chip if you use it as designed and it vill not adhere to the
ubeels of vehicles and it does not adhere to foot wear and does provide the pro-tection we require even using hot materials.

The Soviets also demonstrated an appreciable amount of interest in the ro-
bots and battery-powered carts used in the hot laboratories. Chaiman Petrosyants
asked how would we cope with a battery-powered cart that failed if it had be-
come contaminated? It was explained that the job would be handled througn theuse of our robots. Chaiman Petrosyants also asked why vc did not have ele.:tronic
slaves as the Soviets had. Kazachkovskiy asked on two occasions if we had neu-
tron emitters. He also asked a number of questions about Radon ecapounds. At
the time ve were showing the robots, Chaiman Petrosyants asked for figures on
the cost and the source of our procurement. One member of the group asked about
the levels of activity we could handle in the laboratory.

Kazachkovskiy asked why we did not make use of remote TV when we were moving
hot materials on the battery-powered carts and also asked why them was not more
use of remote manipulations. He eminented that it was a hazard t, rely on theseal in the master slave. He also canented that we should make use of electronicslaves when handling alpha activity.
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After the formal tour was over Yakovlev remained for nearly an hour and a
half. He asked a number of questions vgggh included "what work are we doing incross sectionst particularly in Curium ;" how did we expect to improve yield
fromourchagg9reactionst; had we invp' tigated cross sections of the isotopeby radiating Ourium 2 ?; what yicids were obtained in the iso-Californium
tope separatorf; he also asked about the vapor pressure of heavy elements and if
we thou6ht volatility could be used to separate on a continuous basis.

Yakovlev said that they were looking at fluorides, since a temperature of
20000 Centigrade was not good in the separation process. Yakovlev said that
they are doing a lot of solvent extraction work. He said there is no oxidation
reduction of organic solutions. He said that they were Just starting work in
the 11ossbauer effect and paramognetic resonance. He also said that the Soviets
are doing absorption spectra work, but only in solution.

Yakovlev was interested in the construction of our glove box. He said that
they used epoxy resin. I told him that we did not because of possible poison
toxins, which may result, and he acked where we obtained the polyester resin
that we use.

Zero Gradient Synchrotron
L. C. Teng

The Soviet Group arrived at the ZG3 racility during the afternoon and were
given a short briefing on the operation as well as a tour of the accelerator.
Only two people in the group had any familiarity with the cceelerator; namely,
Chairman petrosyants and Dogolyuboy. They asked all tM, questions and the bal-
ance of the group did not appear to be interested.

Chaiman petrosyants was 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 n2bna
is like viewing a vintage model and modern model automobile. It was also men-
tioned that we were planning to operate the accelerator with automatic controls
and this raised no curiosity.

CP-S Reactor
S. C. Foote

the Sovirts 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 bit intvrested
in this aspect of the tour. Consequently, they spent more than their alloted
time in the " hot metals" laboratory.

Generally the Soviets were concerned with construction problems and were not
interested in either operations or experiments that were shown to them. Chaiman
petrosyants and Sinev did most of the questioning.

It was most apparent that the group was interested in velding and this in-
cluded velding of any kind. Daring the tour we stopped each time that we came
to kn item which had been veldef. Questions were asked on the type of metals
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that vere selded, the temperature at which the metals had been velded and the-
use of the velded items. Questions relating to the velding were generally askedby Sinev.

Sinev asked for one sample of two pieces of steel whict.' had been velded and
used in the sodium heated steam generator. There was one velding Job which in-
volved velding of 75 tubes in one conduit, which is admittedly a difficult task
since each tube has to be velded individually. The Soviets were intrigued by
this and asked e multitude of questions concerning the pro:edure we used to
make the velds.

The Soviets were also interested in anything available concerning the con-
struction of the Plutonium Fabrication Facility and particularly the constructionof the building. Sinev said that the Soviets are getting ready to constmet a
similar facility. This indicated that previous plutonium fabrication had been
done in the weapons laboratory as it had been done in the U. S. but the Soviets
are apparently now ready to construct a research facility as we have here.

Liquid Metal Research Building t

' R. C. Vocel

The Soviet Group visited the Liquid Hetal Research Building and were pro-vided with a short briefing on the scope of our work. Rey seemed interested
in most aspects of powder metallurgical development. hey were specifically in-
terested in the volatility processes and asked a number of questions which re-
lated to this subject. Sinev asked what was being done in the pilot plant, what
scales of temperature vere experimented with, and those processes being tried in
the pilot plant.

,

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

The Soviets vere quite interested in the Model 3 master slave manipulator.
Chairman petrosyants had to try the operation and every Soviet in the group tooka tum at operating it. The Soviets also expressed interest in the process ofdirect conversion of heat to electricity.

,.

|

|

-39-

l'
,

_ _



. ~ , - .- ,, .-_ . - ~ . , . , - - .. -- ... ~ - . . - - . - . ,

I
.

b

4

-

.

- IRESDEN NUCLEAR' POWER STATION,
~

F

TMIKSGIVIN3 DAY--november 28
,

1

--The visiting group was assembled in the Ihesden Station Exhibition Building f
~

fM' lectures on the plant costs, operating experience, and equipsent operation.

Key officials participating as hosts, leaders or spokesmen included: . Murray
Joslin, Vice President, Ocannonwealth Edison; H. C. Hoyt, Plant Superintendent,
Dresden Nuclear Power Station and C. B. Vitek, Assistant Plant Superintendent,~
Dresden Nuclear Power Station.2

'

A movie was shown entitled "Inside the Dresden Sphere." '1his isovie shows
the fueling operation including reactor head removal, removal of turning vane,
fuel handling and equipsent, the loaded core, and replacement of reactor turning

i . vano and head. . The movie was 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 two groups. Each

group toured the following areas: fuel building viewing gallery, access control'

building which contains the " hot". and " cold" chemical laboratories, administra-
tion building, 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-
a ment, exciters and small pumps, primary feed pump roce, centrol room; each

group returned to the Ex,hibition Building to Mew models of plant, control rod,

i~ drive, control rod, fuel, core, fuel handlin6 equipment, and model of recirculating
;. loop.

General Observations

Questions were asked about the Isethods used to process our make-up and waste
vnter and our experience with resins.,

..

The party was informed that we used full flow domineralizers on the feed-
water going to the primary system (reactor, primary drum and recirculsting loops),
demineralizers for make-up water, domineralizers for a small clean up loop on
the primary system, and a demineralizer to reprocess radioactive water for n-use,

' as make up.,

: They asked if the clean-up domineralizer van operated periodically or con-
tinuously. We-answered "Continaously."

-They were also told that the condensatt demineralizer resins vert regeneratad
- using acid and caustic solutions.

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

They asked how the seal.was made on the reactor head.. We explained that we
?- used L two silver plated "O" rings which fit into grooves machined in the vessel

and head flanges.

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

i
I
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k.
tanks contained' anion and cation resins that removed the positive and negative '

hardness ions dissolved in the water. Ile was also told that the system was op-
erated automatically. _

In the control room Mr. Sinev concentrated on the layout of the graphic
panel. The four recirculating loops and equipment vere described. Mr. Sinev

$,

then mentioned that they have a reactor with six recirculation loops. He also
asked how we place a recctor recirculation loop in service without introducing
cold water to the reactor, he told him we had a small 1/2" vann up line used
to preheat each loop.

!

A few of the men vere quite interested in the in-core monitorine system.,
s

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

Mr. Sinev mentioned that they were buildin6 a 100 - 200 MWE nuclear plant
and would be ready for startup soon.

.
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ENRICO FERMI NUCLEAR PLANT
FRIDAY, November 29

7

The visiting group assembled at the Infomation Center for an orientation "

briefing. Key officials and staff members acting as hosts, leaders and spokes-
men included:

.

The Detroit Edison Company
Walker L. Cisler, President
Harvey A. Wagner, Assistant Vice President .

Harvey E. Bumgardner, Assistant to the President
Aton:ic Poker Development Associates Inc.

Alfred Amorosi, Technical Director
Wayne H. Jens, Assistant Technical Director
John V. Morabito, Head, Design Division,

John O. Yevick, Projects Administrator
Power Reactor Development Company'

John F. Anderson, Assistant to General knager
Clarence H. Clark, Plant Superintendent
Robert W. Hartwell, General Manager
Walter V. McCarthy, Jr., Assistant to General Manager

I

Following the briefing, which included discussions on results of nuclear testing
to date, general operating experience to date, equipnent perfomance and future
plans, the visiting Soviets were escorted through ths reactor building, fuel
and repair building, steam generator building, control room,- and turbine-gener-
ator building.

.

(

General Observations

Chaiman Petrosyants asked for further explanation on the sodium worth ex-,

periments. He wanted to know specifically if we had encountered bubbles in the
sodium used.

i. Kazachovskiy asked what is the B-10 enrichment in the control and safetyroast "You talk about using Stellite. Where do you use such material and whatL

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 used in the primary system, he asked why vaan't; double piping used in the steam generators.

!

Ponanarev-Steploy showed a great deal of interest in the gas-cooled reactor
and felt that the graphite-moderated reactor is better than the D 0-moderatedi 2one which they now have. He felt that the Peach Bottom design in which the grs-

t phite is mixed with the fuel is an important advance.
!

During the tour, Chairman Petrosyants and Kazachkovskiy asked questions re-
garding the operation of the various caponents. - These did not indicate any
particular area of interest. They were the type of general question which anyL
technically-trained person would ask. Numerous operators had assembled in the
control roca out of curiosity. Chairman Petrosyants wanted to know why so many
operators were needed to run the Femi Plant. I explained they were assembled
more to see the Chaiman of the Soviet Atcaic Energy Comunission rather than to
operate the plant. Kazachkovskiy asked about the very sharp bends in our steam

ht..
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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 soditas. cooled plant. We discussed the<

- operation of BR S and ccampared the difficulties we had encountered at Fermi with
those BR-$ has experienced. Afrikantov volunteered that it 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 during
the presentation and were includa.d in the written material made available."

Sinev
was the man who seemed to be most intrigued with the hangers used for supportingthe primary coolant piping.

In response to questions regarding the 50 Mw prototype, Ona121 san Petrosymats
and Afrikantov both indicated that the results of work on BR-5 had made this
construction unnecessary. This is the same type of answer Afrikantov gave during
the Vienna discussions in June. .I personally gained the impression that there4

is a program change in the Soviet Union; one that may be dictated by money con-
.uiderations and also by the slowness with which technical information has been

.

developed.,

t
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IV-BIOGRAPHICAL INFORMATICt1 AND
PERS0tlAL OBSERVATIONS ON SOVIET VISITORS

7be biographical information set forth below was, obtained from a number of
sources and while it is reasonably current, it may be incomplete in many respects.
For the most part, the personal observations listed were recorded by Mr. Joseph
levin of OmL who accompanied the Soviet delegation throughout the entire tour
as one of the interpteters. Because of his language capability, Mr. levin had
many opportunities to engage the Soviets in informal discussions.

PETROSYANTS, Andronik Melkonovich
Current Position: Chairman, State Ccanmittee for Utilization of itmic

Energy USSR, Supreme National Econmic Council
1 % 2-63

Background and
Education: Born 8 May 1906, Ordzhonikidze, RSFSR; graduate of

Ural Polytechnical Institute, Sverdlovsk 1933

Career: Deputy Minister, Ministry Medium Machine Building
1955-62

Remarks: Said to be a mechanical engineer by profession,
Petrosynnts' background has been in the armaments
industry. He has been a vocal proponent of peace-
f.11 develoInnent of atomic energy and of international
cooperation in nuclear research. He and Glenn T.
Seaborg, the Chainnan of the U. S. Atcznic Energy
Commission, signed a three-year agreement providing
for a cooperative program in nuclear studies and
for U. S.-Soviet exchanges in the field of atcznic

energy, during the latter's trip to the Soviet Union
! in May 1963 He has been a member of the Ccxanunist

Party of the Soviet traion since 1932.

Honors: Awarded 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

j class in 1945 for successful fulfillment of tasks
of the State Cocanittee on Defense in production of

. tank armored bodies, self-propelled artillery and
l tank aggregate units.

Personal Observations

| A tough incisive administrator of limited technical depth, interested prin-
! cipally in econoaics and efficiency? probably an inner party man and member of

the Council of '.inisters of the USSR (dating at least from April 25,1962).

Mr. Petrosyants is a very personable, cheerful man; one who operates smoothly.
| He was flexible to all changes encountered on the trip. He controlled the mem-
'

bers of his party very nicely, seemingly in a friendly manner, except that Mr.
Sinev always managed to be late. Some of his questions indicated that he had a
fair technical knowledge of certain aspects of reactor design but most of his
questions t;ere of policy nature.
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SINEV, Nikolay Mikhaylovich
Current Position: Deputy Chairman, USSR State Committee for Utiliza-

tion of Atomic hergy, Supreme National Economic
Council 1%1-63

.

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

Honors: Awarded State (Stalin) Prize, second class in
1%2 for improving the designs of heavy tanks

Personal Observations

Sinev was educated and worked until 1%1 in Leningrad. He worked on experi-
mental turbo-jet aircraft engines of 4500 lb. static thmst until 1%1 when he
was seriously wounded by an aerial bomb. After evacuation frcas Ieningrad and
recovery, he worked on heavy tank production in Siberia throughout the war. He
has been in work related to nuclear energy since about 1%7 Chief present
interest is in power reactors and selection of one optimum system for wide-
spread utilization under USSR conditions.

A warm, somewhat coarse, friendly individual, subject to some human
frailties but of remarkable physical vitality.

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

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

"Say not that he has died - he livest
'Ihough the chalice be broken,
The flame still flares;
Though the rose is plucked,
It etill in color blooms;
Though the harp is smashed,
The chord rings on,"

i

!

|

|
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ARTSI!OVICH, lev Andreyevich
Current Position: Member, Institute Atomic Energy imeni I. V. Kurcha-

tov, Academy of Sciences USSR, lescow 1944-63(llead,
Controlled Themonuclear Research 1958-61; llead,
Plasma Research Department 1962-63); Member, Moscow,
Moscow State University imeni M. V. Lomonosov 1955-
63 (Head, Chair Atomics Physics and Electron Phe-
nomena 1955-56); Academician-Secretary, Department
of General and Applied Physics, Academy of Sciences
USSR 1963

Background and
Education: Bom 25 February 1909, Moscow; graduate of Belourus-

sian State University imeni V. I. Lenin, Minsk;i

Doctor Physico-Mathematical Sciences

Career: Elected corresponding member of the Academy of
S:1ences USSR in 1946; elected active member of the
Academy of Sciences USSR in 1953; Member, Presidium,
Academy of Sciences USSR 1957-62; Academician-Sec-
retary, Department of Physico-Mathematical Sciences,
Academy of Sciences USSR 1960-61

Scientific
Specialties: Nuclear rhysics; controlled themonuclear reactions;

cosmic electrodynamics; plasma physics; electromag-
netic wave pencils and light rays for space com-
munication; electronic optica; theory of chromatic
Aberrations of the electron optical system; radia-
tion losses in the betatron; shock; x-ray quanta;
high-energy electrons; Bremsstrahlung effect; pulse
discharges

Travel: Attended the Symposium on Electromagnetic Phenom-
ena in Cc-sical Physics, Stockholm, Sweden, August
1957; attended Fifth International Conference on

Ionization Phenomena in Gases, Munich, West Gemany,
August 1961; attended Conference on Plasma Physics
and Controlled Nuclear Fusion Research, Salzburg,
Austria, September 1961; attt;nded Tenth Pugvash and
Ninth COSWA Conference of Science and World Affairs,
London, United Kingdom, August 1962; attended Con-
ference on Low Energy Nuclear Physics and 14eting
of the Chulham laboratory Study Group on Plasma
Instabilities, Harwell, United Kingdom, September
1962; attended Meeting of the Science and World'

Affairs Continuing Committee, London, United King-
dce, February 1963; attended Eleventh Pugwash and
Tenth COSWA Conference of Science and World Affaire,
D2brovnik, Yugoslavia, September 1963

Honors: Awarded Lenin Prize in 1956 for research into the |

problem of obtaining high-temperature plasma by
means of powerful discharges into gas; reportedly |

von State (Stalin) Prize in 1953
|
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Personal Observations

A man of remarkable independence of thought, of amazing breadth of know.
ledge of. history, a cynic with deeply repressed human, typically Russian, wamth
that occasionally can be enticed to show itself at the surface of the personality. !In addition to his eminence as a physicist, he could well have become'an eminent

|hirtorian or philosopher.

Short3y after President Kennedy's assassination was announced, Artsimovich I
was asked ehether he still thou6ht that natural sciences were more important'

than some science to interpxwt and control human beings. He replied: '

"If some such social science were possible, it would be most
important right now--but human bein6s are unpredictable and

,

human history is a series of random, illogical events."

.
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B03OLYUDOV, Nikolay Nikolayevich

current Position: Heed, Laboratory Theoretical Phyt >ics, Joint Insti-
tuto Nuclear Research, Ibbna 1956-t;3; Member, Mathe-
natics Institute imeni V. A. Steklov, Academy Sci-
ences USSR, Hascow 1949-62 (Head, Department Theo-
retical Physien 1949-60); Academician-Secretary,
Department of Mathematics, Academy oi Sciences USSR
1963

Background and
Education: Born 21 August 1909, Gor'kiy, RSFSR; Doctor Physi-

co-lhthematical Sciences

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

Scientific
Specialties: Non-linear mechanics; kinetic theory of gases;

theory of superconductivity; direct methods of the
calculus of variations; relativistic quantum field
theory; asymptotic methods in theory of non-linear
oscillations

Travel: Head of the Soviet delegation to the International
Congress on Theoretical Physics, Seattle, Washing-
ton, September 1956; attended the following:
International Conference on kny-Body Problems,
Utrecht, Netherlands, June 1960; Tenth Annual Con-
ference on High Diergy Nuclear Physics, Rochester,
N. Y., August 1960; Tenth International Conference
on Applied Mechanics, Stresa, Italy, August 1960;
Eighth Conference on Science and World Affaire,
Stowe, Vemont, September 1961; National Academy
of Sciences Annual Meeting, Washington, D. C.,
September 1961; Eleventh Intemational Conference
on Science and World Affairs, Dabrovnik, Yugoslav-
ia, September 1963

Personal: Speaks English

Hunors: Awarded State (Stalin) Prize, first class in 1946
for scientific works in the field of statistical
physics; awarded Lenin Prize in 1958 for develop-
ment of new methods in quantum field theory and
statistical physics which served as a substantia-

tion of the theory of superviscosity and the theory
of superconductivity

Personal Observations
I

| Academician Bogolyubov is tho author of numerous scientific papers of which
| 31 are indexed in Nuclear Science Abstracts aJone for the period 1957-1961.

He is a person of broad knowledge and thought but who, unlike Artaimovich,
[ is placid emotionally with all mental energies concentrated on scientific questions,
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KAZACHKOVSKIT. Oleg Dnitriyevich
Current Position: Member, Institute of Physics and Power Engineering,

Obninsk 1948-63 (Head Engineer, BR-5 Past Reactor
1960-61; Deputy Director, the Institute 1963)

Background and
Education: Born 3 November 1915,1bepropetrovsk, UkSSR; grad-

uate of Diepropetrovsk State University iment 300th
Anniversary of the Union of Russia and Ukraine 1938;
advanced study at 31epropetrovsk Physico-Technical
Institute, Dnepropetrovsk State University 1941;
Doctor Physico-Hathematical Sciences 1958

Career: Member, Mor.cov Engineering Physics Institute 1958-
61 (Associate Professor 1958; Member, Chair Physics
1961)

Scientific
Specialticci Fast neutron reactors; atomic power stations, eco-

nomics of nuclear fuel; BR-5 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 1955; attended
Fifth World Power Conference, Vienna, Austria, June
1956; member of the !)oviet delegation to the Second
International Conference on Peaceful Uses of Atomic
Energy, Geneva, Switzerland, September 1958; visited
Burma, Thailand, Indonesia, Ceylon, January-February
1959 as one of a group of Soviet atomic specialists;
inspected atomic energy installations in the United
Kingdom, January 1960; attended inauguratien of five
new nuclear installations at Trombay, India, January
1960

Honors: Awarded Lenin Prize 1900 for participating in sci-
entific research on nuclear reactor physica using
fast neutrons

Remarks: Member of the Comunist Party of the Soviet 4on
since 1943

Personal Observations

Kazachkovskiy is a person of restrained and gentlemanly manner, in theBritish tradition. He is, cf course, well known for his work with fast reactors
and in many respects appeared to be the most versatile member, at least in tech-nology, of the entire delegation.

He was villing and able to converse on a vide variety of subjects, including
literature, aviation, the War, automobiles and old American comedians like DusterKeaton and Harold Lloyd. He had been in the artillery through the entire battle
of Stalingrad t.nd remembered well the " Boston" airplanes given to Russia by the
United States (Iouglas B-26 twin-engined bombers).
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iAFRIKAll1DV,160r' Ivanovich ~
Current Position: Scientific Consultant, USSP, State Condittee for

Uti.lization of Atomic EnerEy, Supreme Fational ,

i

Economic Council 1960-63

Back round: Born 21 September 1916, in Pushkarka Gor'kiy6
Oblast, RSFSR

>

Scientific
Specialties: 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, September 1958-

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

Personal Observations

|- Afrikantov is alao Professor of mechanical engineering at the Cor'kiy Tech-
nical Institute. Formerly group leader in charge of design of reactor and equip-
ment installatic in icebreaker " Lenin"..

Spent World War II in defense work in the city of Gor'kiy.

Intrinsically a gay, friendly individual with great interest in the U. S.
and the American way of life, but apparently one of the least pelitically in-
formed members of the delegation.

|-
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-YAKOVIE/, Origoriy Nikolayevich
. Current Position: ' Head, Radiochemical Imboratory, 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, m acow 1957-

-Scientific- P

s

Specialties: Separation of plutonium and neptunius; preparation
of thin films of transuranium metals by electro-
lytic method; nuclear spin and magnetic moment;
chemistry of americium; methods of remote control-
in radiochemical laboratories of the USSR; radio-4

chemistry; ion exchange method; spectrophotometry
!

Travel Member of the ' Soviet delegation to the Second Inter-
national Conference on Peaceful Uses of Atomic
Energy, Geneva, Switzerland, September 1958

Personal Observations

. .

Radiochemist in charge of chemical separation of isotopes and the transur-'

anium laboratory at New klekess; author of many scientific papers on chemical ~4

separation of elements.

Yakovlev is a veteran of the siega of-Leningrad in which he was seriouslyvounded early in the war.--

He is a quim mild mannered man who seems to be'

totally absorbed.in the science and te<' a 'ogy of chemical separations. He
did, however, display an awareness of th x;.f alitical when he mentioned the

,

following:

"After Dr. Seaborg's visit to New Melekess we received a large group of
the so-called ' democrats,' from Czechoslovakia, Hungary, Ge 1sany, etc. They
felt that if we showed New Helekens to the Americans we had to show it to themalso. Well, one from Czechoslovakia got so drunk that when they took them for
a ride on the hydrofoil ships along the Volga, he fell off and was drowned.You can imagine the fuse that created."

;~
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PONOMAREV-STEPN0Y, Nikolay Nikolayevich
. Current Position:' Member, Institute Atomic Energy imeni I. V. - Kurcha-

tov, Academy of Sciences USSR, Moscow 1961-63
(Deputy Head of a Section 1963)

,

Background Born 3 December 1929, Pugachev, RSFSR
'

Scientific
Specialtiesi Design of power reacters; fast-neutron flux; tem-

perature of a fuel element; reactor zone profiling

Travel Member, Soviet delegation visiting atomic sites in
England, May 1961J member, Soviet delegation. visiting-
scientific research institutes in the German Demo-
cratic Republic, December 1961-

,

Personal Observations
'

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

The youngest member of the deleCstion, 'he appeared to be the happiest as
well,

,

i

O

,
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-RN111KOV, Nikclay Timo!eyevich '

_ Current Position: Head of a Section, USSR State. hittee for Utili-
.

.
.

sation of Atomic Energy, Supreme National Economic ;

Council 1963

Background:- Born in 1920 in Gorokhovets, RSFSR

Travel: _ Attended Europvan Organization for Nuclear Besearch
(CEffi) Symposium on High Energy Accelerators and
Pion Physics, Geneva, Switzerland, June 19561 at-
tended Second International Conference on Peace % . -
Uses of Atomic Energy, Geneva, Switzerlead, Septem-
ber 1958 -

Personal Observation

Assistant to Chairman Petrosynnts, with exact duties and responsibilities
not clear; e,thibits a great knowledge 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 Stalingrad and alluded to other traumatic ex-
perxences but which he did not explain.

He was the only member of the delegation to voice dogmatic opiniot4s about
the U. S. and to exhibit the preconceived notions about stereotyped " monopolists,"
" profiteers," " suppressed workers," etc. He exhibited, at times, extreme ner-vous tension.

Although he was clearly the least qualified and least educated member of
the delegation he nevertheless seemed to enemand a comparable income. Although
his manncra were boorish and his speech coarse, he nevertheless did show some
friendliness and appreciation toward the end of the trip for the reception ac-
corded him in the U. S._.

,

t
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B12DV, Anatoliy Ivanovich
Current Position: Reviewer and Interpreter for USSR State Connaittee -

for Utilitation of Atomic Energy

Background: Born 10 August,1930, Gthatsk, USSR

Remarks: Served as interpreter for the Soviet delegation.
No further information available

Personal Observations

An ener6 etic, friendly young man with an apparently sincere desire to im-
prove Soviet-American relations.

-%.



. . _ . .__-_ __---_----- - - -

REVIN, Valentin A.
Current Position: 'Ibird Secretary, .c ientific Division, Sovietc

Dnbassy, Washington, D. C; assumed his position
in June 1963

Background: Born September 16, 1932; married

Scientific '

Specialties: ho articles written by a man by this name
"The detemination of the Separation Factor for
Lithium Isotopes in Ion Exchange". "The deter-
mination of the Height Equivalent to the Theoret-
ical Plates in Counter-current Ion Exchange". *

Authored this article in 1961 at the hbacow Chemi-'

cal Institute imeni D. I. Mendeleev\
Personal Observations,

Revin was one or the first exchange students from the USSR to the United
States and studiad in 1959-1960 at the University of California.

He is a friendly, sentlemanly person apparently well disposed toward the
United States.

.

J
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V. TECIDiICAL IMPRESSIONS

~

.

The technical impressions set forth below are general in nature and are
included as a supplement to the infoximation provided in the preceding sections
which was largely developed frcan observations submitted by individuals assigned '

at the _ atomic energy. facilities visited.

!!1colai Sinev told Dr. Frank Pittman, Director, Division cf Reactor De--
velopment, that the principal-consideration in Soviet ece m nic analyses at
this time is capital investment, which must be kept ta an absolute minimum

L Jn the nuclear energy field because of vast competing demands. Thi was,
of course, stated'in another way by Chairinan Petrosyants in his speech at
New York on November 20, in which he pointed out that the Soviet Union has
- both fossil fuel and hydroelectric resources for power production that are
in. competition with nuclear energy for the limited available investment capi-

-tal.

The following points 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-
ncanics of converters.and demonstration reactors

2. The anticipated doubling time for fast breeders on the U238-Pu239
cycle

3 Technical innovations that pe mit a lessenin6 of capital costs |,

~1-as well'as operating costs

k. 'Ihe use of advanced computers and automated data analysis systems
~

. -

I
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power Reactor 6 and Breeders

There appeared to be considerable discussion among the visitors about the
reasons for constmetion in the U. S. of " unprofitable" reactor power stations.
To some extent the condition 1r.g of Soviet citizens to expect " private" companies
to operate only for reasons of " profit" van no doubt responsible for the doubts
eLpressed about the accuracy of information presented.
frequently repeated questions. As a result the visitors
convinced of the reasons for a project and of the rationality of those reasonsIt appeared that in every case they were fi.2 ally
under American conditions.

ratio of 150 and a plutonium doubling time of about eight years in a fast,Kazachkovskiy told Dr. Pittman tht Soviet expectations are for a brerling
?!238-Pu239 breeder.
diction of brceding ration of 1.20 and doubling times of 18 to 20 years.This, of course, was in sharp contrast to Dr. Pittman's pre-
may be wishful thinking on the part of Soviet engineers, but the strong impres-

It

sion was created that they woula like very much to avoid construction of a'ay
large number of converters and proceed directly to breeding at a rate sufficientfor their anticipated growth plans.

In an article in "Atomnaya Energiya," in Inte 1961, Imipunskiy, Kazachkov-
skiy and Pinhasik gave some figures for a 750 Mv(th), sodium-cooled fast reactor"under d7 sign" in the Soviet Union.

Sinev repeated that such a station is "in
the works" and "will be built" and that breeding vill be attempted.
Sinev mentioned a thermal power of 1000 Mv. However,

Siney,
although he spoke a good deal on many topics, often referred to hispreference for sodium-cooled systems. The entire delegation seemed to show the

liveliest interest in all details of sodium technology from heat exchanger de-sign to costs and inventories of sodium.
surized water systems seemed to arouse the keen interest of only some of theBy contrast, boiling vater and pres-visitors.

It was also obvious from remarks made by the visitors, as well as from the
Soviet literature, that the power stations under construction in Czechoslovakia
and East Cer.aany are to a substantial extent Soviet projects and therefore aidto Soviet reactor experience.

Sinov mentioned that consideration of such huge power blocks, as outlined
by Dr. Weinberg in his discussion of desalinization reactors, was simply a lit-tle beyond Soviet interests at the moment.
for the Soviet for a number of years to come.He spoke of 500 Mw(e) as an optimum
of the Northern Rivers (Pechora, Pechenga, etc.) would probably have to comeAs to desalinization, the turningfirst.

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

Technical Innovations and Design Details

to him to be different from Soviet practice. Chairman Petrosyants was keenly aware of technical details that appeared
He incessantly questioned members

of his own delegation about such differences with emphasis on the relative costsof alternative technical solutions to a problem.
tion vere thus at times on the defensive. Members of the Soviet delega-

At other times, individual members
seemed anxious to point out equipent that they felt they needed but had notbeen granted.
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Sinev once said: "When we come to our comptrollers with a request for funds
for some item, they say, 'The Americans don't even have such a convenience as
yet. Why then are you asking for it?' Nov ve can say that we have seen it in
America."

W e number of such technical details that aroused interest and cocnent was
quite large. Among them were the following:

Small-diaphragm-operated valves that controlled sodium flow in the Alkali
Metal kboratory at Brookhaven National hboratory. The questions here were
rather typical for many similar cases: "Were the valves nanufactured at Brook-
haven or supplied by the vendor? Ilov long does it take to obtain such an item?
What is the cost? What materials are used?" he only unusual features of the
valves in question were their small site and the apparent fact that while the
valve controllers, diaphragms and stems were of standard vendor manufacture, the
valve bodies seemed to be of special design, thereby making a hybrid assembly.
This apparently did not get by the visitors' eye for technical detail.

The lining employed on the inner valls of plutonium and transplutonium ele-
ment processing chambers caught Chaiman Petrosyants' fancy. He was fairly
agitated by the contradiction between Soviet practice of lining such chambers
with expetsive stainless steel and the alternative e'iovn at Argonne National
kboratory of a layer of vinyl over a base cost of epoxy resin. The chipping
away of some of the vinyl and epoxide did not help him resolve the contradic-
tion. It was, however, interesting to note that he quickly detected crevices
that had not yet been covered over and could therefore have become collection
points for radioactive 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 some of the materials found in American
" hot ~mbs . " Dy contrast, the use of hardhats, not used in the Soviet Union,
aroused some humorous coument. All the visitors, however, seemed 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 he.ndling devices seen on the trip. Much
admiration was expressed for the finish put on such mundane things as pipe in-

! sulatio1, pump, motor and turbine housings, as well as offices and laboratories.
"Your offices are full of things, and somehow gay," said one of the visitors;
"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 glass. There seemed to
be some confusion about cerium in the glass that the visitors use. Some said
that their glass also 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 hboratory and continued at the Hi-Level Isotope
Source hboratory at Brookhaven. Yakovlev, at one point, began to discuss his
experience with glass darkening but was restrained by Chairman Petrosynnts. he
impression was created that they have not had sources as intense as the source
at Brookhaven, but that they have achieved the integral doses of 4 x 100 rads to
glass over much longer periods of time than that required at Brockhaven. Either
there is a time effect for darkening or Soviet leaded glass has contaminants
that darken it with increasing integral dose.

We Soviet visitors exhibited a high degree of interest in filtration problems
and purity requirements for both gases and water. The vide variety of air

l
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filtration materials available to Americans seemed to confuse the issue, espec*.al-
ly since in the short time available it was difficult to interpret tbe fine dir-
ferences between the various stages of filtration and the filter materials. Thevisitors 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 thehost.

The Sciaki electron beam velder shown to Kazachkovskiy and Ponomarev-Step-
noy at Ames labcratory aroused their interest as it Mll might arouse the in-
terest and admirat$on of any American. Poncauarev-Stepnoy said later that elec-
tron beam velders existed in the Soviet Union, as they no doubt do. However,
the striking difference in the availability of technical innovations was per-
haps epitomized by a subsequent discussion in the bus. Said one of the visitors:"Our people know all about this." "They know, they know," said one of his
higher placed compatriots, "but they don't do." The rapidity with which private
compuies seize upon technical innovations E the United States and transfom
them into readily available commercial items is uadoubtedly very impressive.

'[be plutonium fuel rods and fertile met. erial rods, with the remote facilities
for canning and uncanning shown at Idaho and at Argonne, arcused the keen ip-terest of the visitors. "Seel" said Chairman Petro gants to Kazachkovskiy.

In addition, the visitors were keenly aware of tt4 'arious fuel possibili-
ties, such as uranium monocarbide, liquid uranium alloyi, and uranium vapors,
and of all the difficulties produced by radiation da=ge.

Computers

The digital computers and their attendant automatic data input, printou'; and
display cystems that we saw at Brookhaven. berkeley and Argonne invariably aroused
the keen interest of the visitors. KazsSovskiy and Poncunarev-Stepnoy, as well
as Bogolyubov, seemed well acquainted witn the features of cunputers and theirpotential uses.

The ccanments, however, imparted the impression that in the Soviet
Union such sophistication in ccanputers was not yet available.

At one point Ratnikov ccranented, "That is why we have Academgorod. Thiswill be our computer center.",

Novosibirsk. Es was referring to the new " science city" at!

One curious dispute occurred among the visitors at the IBM 7094 computer atBrookhaven.
80,000arithmeticoperations/ninute.The rate of operations for this machine was given as an average ofAfrikantov asked of his group the rate a-|

chieved by the K20 Soviet computer. A curious dispute folleved in which Mr.
petrosyants insisted that the M20 could perfom 20,000 operations / minute whilet

8,000 to 10,000 operations / minute.several of the visitors maintained that the M20 really operated at a rate of

The CDC-3600 high speed machine shown at Argonne aroused great admiration
among the visitors, particularly Kazachkovskiy and Ponomarev-Stepnoy.'

,

The
scanner mesh of 4096 x kO96 aroused the attention of Kazachkovshly who was im-
mediately conscious of the fact that this mesh density was almost equivalent to
the discriminating powers of tLe human eye.

|

The hybridization of an analog computer with an IBM 704 shown at Argonne;

also von words of praise and admiration for the technical initiativa and ingen-
'

uity involved.

An inference that is tempting to drav is that although people like
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Kazachkovskiy, Ponomarev-Stepnoy, and of course Bogolyubov and Artsimovich, are
'keenly aware of the potentials of computer systems and well acquainted with their

characteristics, they do not have available to them anything like the wealta of
equipment they saw in the United States.

|
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APPDIDIX A

Addreon By Chairman Petrosyants

Before Joint Session

Atcunic Industrial Fona

And

American Nuclear Society

New York City

.
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Mr. Chairman,
ladies and gentl.: ment

Our delegation, the delegation of the USSR State Committee for Utiliza-
tien of Atomic Energy has been invited by the managing director of the " Atomic
Industrial Forum" Mr. Charles Robbins to attend your esteemed meeting and to
present a brief repott on the work being done in the Soviet Union for the peace-
ful use of atomic energy.

My task is made easier by the fact that half a year ago the Soviet Union
was visited by the delegation of the Atomic Energy Comission cf the USA led
by Glenn Seaborg, my host and the host of our delegation.

As you know the AEC delegation had an opportunity to visit many of our re-
search centers, conduct useful talks with many leading scientists and thus
receive rather comprehensive infomation as to what we are doing in various
fields of atomic science and engineering. And so, I believe that, first of all,
I must discuss some problems of the development of nuclear pcr.rer in the Soviet
Union.

I think that considering the composition of your Fonam this will be un-
doubtedly of interest to the majority of those present here.

Progress of Electrification in the USSR and

Role of Nuclear Power

In the general perspective of the f\arther development of electrification
in the USSR the nuclear power holds a special place of its own.

To correctly define this place and understand this problem one must pro-
ceed from the general tasks and the present development of power industry in
the USSR.

,

It is well known that it. its Program adopted at the 22th Congress (in 1961)
the Comunist Party of the Soviet Union has elaborated the plans for the develop-
ment of the Soviet power industry over a period of 20 years (1961-1980).

This program envisages high tempoes of power production growth in the USSR:

in 1965 the pcser produced will equal 520 billion Kvh;
in 1970 950 billion Kwh;'

in 1980 ' 3000 tillion Kwh;

For reference:

'Ibe total power production in 1960 was 292 billion Kvh* 370 billion Kvh
in 1962, in 1963 it will be about 411 billion Kvh.

Thus, it 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 commissioning of new power ple.nts.

Whereas in 1961 the capacity of the newly installed plants was 7 2 million
kilowattn, in 1963 this figure vill run to 10 million kilowatts and the total in-
stalled capacity will equal 93 million kilowatts.
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In 1965 the total capacity of all power station in the USSR vill reach
113 kilowatts.

A single-shaft 500,000-Kv turbine is to be installed in the Nazarovskays
power station in Siberia and a doubit-shaft 800,000-XV turbine within the Don-
bass gover grid in the Ukraine in 1965 Doiler units with appropriate steam
capacity are being developed for these turbines.

The new power statier.s are constnicted out of large units (boiler-turbine)
by standard projects, with ext 3nsive use of prefabricated reinforced concrete
structures; their capacities run up to 1 million kilowatts and even higher.

All this makes it possible to cut down the capital costs on themal power
stations per one kilowatt of newly installed capacity, the fact tc.at has to be
reckont,6 with by all of us, working in the field of atomic power. Ilovever, this
is not enou6U

As you know hy ho-power stations, largest in the world, with a capacity of
2.$ and even $ million kilowatts each are also being constructed in the USSR
(tr. B4 Atsk, Krasnoyarsk and other places). The Krasnoyarsk hydro-power station
vill have 10-12 turbo generator units each rated at 500 megawatts and above.

The power industry of the Soviet Union is characterised by continued uni-
fication into large power systems aiming at creation, in the nearest future,
of country-wide power grid. For instance, the unified power grid covering the
European part of the USSR accomplishes parallel operation of 50 local power sys-
tems with a total capacity of more than 36 million kilowatts. The power stations
of the central districts in the Urals and in the South of the country a/e inter.
connected by powerful transmission lines with a voltage of $00 kV. The first
part of a D. C. transmission line with a voltage of 800 kV between Volgograd
and Ibnbass udending over 3b km was commissioned in 1962.

'Ihe Eoviet Union is 94tremely rich in organic fuel (coal, oil, gas, peat)
and in hydro-power sources. For hund/eds of years to como ve are not threatened
by fae) hunger.

HovcVer, Jue to the non-uniform dist;;bution of fael resources over various
regions of the country and considering the fact that the most econmical and
cheapest coals cre located in the East, ever increasing amounts of fuel vill
have to be brought to the European part of the USSR tram distant places and
superd1C ant high-tension transmission lines will have to be built on an ever
growing scale from Siberia and the Middle East in the cming twenty years and,
especially, after that period.

Under these conditions Lie development of atomic power industry in the Euro.
pean part of the USSR offers particularly promising results.

Moreover, the Soviet Union has a number of vwt remote areas in Siberia,
Far East and Far North where the aver grids will not reach and where the trans.
portation of fuel is difficult and costly. Therefore from the technical and eco-' '

nomic point of view these areas are highly suitable for videscale employment of
atomic power stations of lov and medium capacity.

The use of small and medium atomic power plants in the remote and Arctic
regions of the country vill play an important role in the deve?opment of natural
resources, in the further growth of the national economy in the Far North of
the Soviet Union.
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Vith the tempoes of the power industry growth which have been achieved so
far and are planne$ for the coming twenty years the atomic power industry,
within a certain period of time, vill merely supplement the conventional power
sources where this is economically varranted, but the basis of the Soviet power
inductry vill, for a long time, be tonned tiy large thermal stations using organicfuel and by hydro-power stations.

Nevertheless, ve aim at creating such atomic pov<r industry which, in the
coming ten years, vill be more economical, at leant for the conditions existing
in the European part of the USSR, than thermal stations using expensive Ibabass
coal or other types of fuel brought frcan faroff placen os the energy delivered
by means of superdistant transmission lines.

To achieve this, two basic conditions must be fulfilledt

1. The atomic power must be developed on a large scale; this implies
develoInent, selection and continuous improvement of not more than
two types of the most efficient reactors on which the serial produc-
tiun and construction vill be based.

p.
Considering the progress of the conventional 1arge-scala power industry
which has been scored up to now and which is envisaged for the future
the atomic power stations in the USSR will apparently be competitive
only if they employ large reactor units (above 500 W) which provide
the total capacity of about 1600 W and above.

'Ihe economic analysis of atomic power stations shows that the specific
capital expenditure for production of one kilowatt of elect.~ic power in an atomic
power station can not be discussed absolutely or ccunparatively without considering
the capital expenditure involved L. the fuel cycle (extraction, metallurgical
treatment, isotopic enrichment, regeneration, manufacture of the fuel element,disposal of vasto).

Likewise, 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 transport. Economic calculations make
it clear that in certain regioa of our country the capit.Al expenditures on fuel
cycle for atomic power stations are considerably below (b, *o or three times)the capital expenditure on the fuel supply of conventional power stations.

The beginning of the practical peaceful use of nuclear power was marked by
the ccumissioning, on July 27, 1954 of the ateuic power station, first in the
world, in the town of Obninsk. This station was equipped with a water graphite
reactor. Now as before this station serves as 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 passages andso on.

The experience gained from this first station was used in designing the
reactors for the Beloyarsk atomic power station named after I. V. Kurchatov,
now under constmetion in the Urals. The first reactor of this station with anelectrical capacity of 100 W, the so-called reactor AMB-1, vent critical on
September 3, 1963 and at present is at the physical start-up stage. The opera-
tion at power vill begin at the end of December of this year and the practical
employment of this reactor, in which nuclear superheating of steam
vill be used on a vide scale for the first time, will start from 196{up to $10 0)

0

4.

The second reactor of the Beloyarsk power station, AMB-2, with an electrical
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capacity of 200 W is now being constructed and its installation is to be ecun-
pleted in 1965 This water-graphite resctor is a further improvement of Soviet
water-graphite reactors of the channel type which first appeared in Juae 195b.
Inc to the use of direct cycle the capacity of the second reactor of the Belo-
yarsk atomic power station (AMB-2) is tuce as great as that of reactor AMB-1
though it has the same dimensions and the same number of channels.

Specific featurse of reactors installed at the Beloyarsk power station
channel type design, which makes it possible to obtain practically anyares

desired unit capacities; safety with respect to contamination of the primary
circuit by radioactive fission fragments (in emergencies); nuclear superheating
of steam which provides possibilities for effective use of supercritical con.
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 Novovoroneth atomic
power station is to begin. The pressurized water-cooled water-moderated reactor
of this unit has electrical capacity of 210 W. The construction of the secondunit rated at 360 W vill begin at this site in 1964

The design and physical research carried out in our country suggests the
possibilities for considerable improvement of water-cooled water-moderated re-
actors, further increase of the power output of one unit, lowering of the costand raising of economic indices.

The Research Institute for Atomic Reactors (in Melekess) under the llSSR
State Connittee for Utilization of Atomic Energy is now building an experimen-
tal atomic power station with a water-water reactor of the boiling type (VK-50)
rated at 50 - 76 W. Provisions are made for checking operation both with
direct and with dual cycle of steam generation. We plan to emplete the con-
4,truction of this station in 1964 or 1965

The Soviet Union cooperates with the German Democratic Republic in con-
struction, in the GDR, of a 70-megawatt atomic power station with a water-
water reactor using slightly enriebed uranium, and with the Czechoslovakian
Socialist Republic in building the fArst atomic power station in Czechoslovakia,
The type KS-150 natural-uranium reactor to be installed at this station is rated
at 150 W and uses heavy-vater moderator and carbon-dioxide gas coolant, the
pressureintheprimarycircuitbeing60kg/cm2 At present this t.tation is
under construction in the Czechoslovakian Republic. We believe that this type
of reactor offers interesting and prcaising results.

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

'Ibe organo-organic reactor of small unitized APS "Arbus" vent critical
in June 1963 and in August of the same year the "Arbus" began to operate at fulldesign power of 750 Kv.

this installation is a small prototype of atcnnic power stations designed
for use in the Arctic and other remote regions of our country.

For convenient shipping and installation the entirw equigunent of the sta-
tion is divided into transportable units weighing from 6 to 16 tons.
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The low pressure in the primary circuit, the possibility of using the parts
made from carbon steel and small induced activity of the coolant along with the
provisions for continuous regeneration of the coolant suggest great possibili-
ties for the use of this type of reactor in small atomic power plants.

Iuring the recent years various testing and research reactors have been,
and are being built, in mary physical research centers of the USSR in order to
solve the problems posed by the progress of nuclear physics, reactor engineeringand nuclear engineering. In particular, extensive work is carried out on
water-vater research reactors with a themal capacity up to 10,000 Kv, equipped
with beams, loops and other facilities for research purposes.

Especially noteworthy is a unique loop reactor SM.' scrating in the Re-
search Institute for Atomic Reactors in Helekess. This .ctor is rated at
50,030 Kv, has neutron flux of OxluD rutm/rn sea nid is u. ' d for the nateriali u

testing and for physical and engineering savestigations. At present this re-
actor is unsurpassed in the world in the power of the neutron flux.

Intensive neutron fluxes obtained in reactor SM-2 make it possible to con-
duct various research connected with the material testing and with the nuclear
physics and reactor engineering.

An original fast pulse reactor (IBR) designed for the research vork in the
field of nuclear physics has been in operation since 1960 at the Joint Institute
for Nuclear Research. In this reactor a disc with uranium-235 rotating between ,

plutonium rods at a speed of $000 r.p.m produces, several times a minute, highsupercriticality on prompt neutro inpulses with n *1ux as high as 10 gs resulting'sec.the appearance of neutron1
neutron /cm This is virtually a neutronwhir 1vindt

A vast scientific and technical experience has been accumulated in buildingpower reactors. The analysis of Soviet and foreign designs of nuclear power
plants and of completed power reactors nov in operation shows that with every
type of thennal reactor-graphite-vater, water-vater, graphite-gas or heavy water
there are vide possibilitiis for further developnent and improvement, for in-
creasing the unit power and lowering the cost along with the methods of rouchly
equalizing the cost of electric power production.

Itovever, depending on its siccific conditions and capabilities each country
makes its own choice of one particular type of the reactor on which it bases
the national program for the building of nuclear power industry over a definite
period of time.

We, in the USSR, ht .o not yet adopted any long-term prognus for the develop-
ment of atomic power and are still carrying on extensive invcatigations of all
technical and econominal aspects of this problem. We do not show any undun haste
as the large natural resources, rich deposits of conventional fuel (coal, oil,
gas, peat, etc. ) available in our country permit us to prepare for the building
of atomic power industry with more thoroughness and without any haste.

perhaps it would be timely to direct greater efforts to solving a more dif-
ficult and time-consuming problem of building breeder reactors.

'Ihe main road for the vide deve opsent of nuclear power industry, its main
perspective is inseparably tied in with the fast breeder reactors.

The development of large fast power reactors poses a large number of scien-
tific and technical pro'lems which involve an extensive and expensive program of
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reses.rch and development.

Our scientists and engineers have done much theoretiesi and experimental
verk on the fast reactor physics, methods for calculation of these reactors, '

refinement of constants, kinetics and problems of safety.

Fast reactors BR-1 vith a thennal capacity of $0Kv and BR 2 vith a capacity
of 150 Kw have been built in the USSR Physicoenergetics Institute (Obn!nsk) for
fast reactor physics.

A test fast reactor ER.$ vith plutonium-oxide fuel elements and sodium
coolant was ecmanissioned in 1958. The thermal capacity of this reactor is
$000 Kv. The five years of successful operations of this reactor have con-
finsed that the line of research the use of ceramic nucicar fuel and sodium

,

coolant has been chosen correctly. It is now planned using this reactor, to
study the specific features of uranium monocarbide and find out vbether it can
be used as fuel. Preparation of monocarbide core vill be soon completed.

A special test stand BFS has been built in the same physicoenergetics In-
stitute for the research on the physics of large fast power reactor cores.

The ccrepatability of materials and of the corrosive effects of liquid so-
dium are thoroughly investigated on the thermo-physical and engineering liquid-
metal stands; these stands are also used in developing the instrumente and equip-
ment of reaci er installations in liquid sodium at working temperatures necessary
for large fast reactors.

We experience obtained as a result of all work carried out in the field
of fast power reactors makes it possible to begin designing large fast reactors
for power production, which might provide the basis for the fvture vide employ-
ment in the power industry.

At present we are developing an atomic power plant with a fast reactor
rated at 300 }& having a breeding factor of about 15 The reactor vf11 use a
sodium coolant with an outlet temperature of $00 C.0

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

I would like to make a special mention of the construction and k years of
operation of the world's first peaceful atomic-powered ship - the icebreaker
"le nin" .

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.

De atomic power plut has made the icebreaker " lenin", the first in the
world, a fully self-contained ship capable to accomplish any sea-going missions
without calling at any ports for refuelling.

The vide use of atomic power on icebnakers along with the building of small
atcunic power plants in the Far North vill undoubtedly help the speedy developnent
of these areas.
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The twelear power plant of the icebreaker "tenin" is fine achievement of
Soviet scientists, technicians and workers. |

The p ver plant of the teebreaker consists of three identical reactors each
with a themal capacity of 90 W. The reactors are of the pressurized water
type similar to the reactor installed at the Novoyoroneth atomic station which
was also designed under the guidance of Kurchatov Atomic Diergy Institute.

In the reactors of the icebreaker "Icnin" the ordinary water at a pressureof 20 kg/cm2 functions as a neutron moderator and as a coolant. The stearn pro-
duced by the steam generatore is fed to four D. C. turbogenerators which power
the propulsion motors. The total power developed by the turblees of the "lanin"
icebreshr is 44,000 h.p. vith all three reactors operated at 70% power or with
two reactors olerated at full power.

Each reactor is loaded with 80 kg of enriched urantue235 This amount
of fuel } emitted the icebreaker to sail for three years without fuel reloading.
At the present time the "In*n" icebreaker whose reactors received the second
load of the fuel is engag. % 1 Q fourth, the most strenuous navigation in the
sean of the North Arctic tw ,, Xping this year alone (as of the loth of No-
vember) the icebreaker has # .we above 11,000 miles, out of which 9500 miles was
of heavy ice, and has brought throu6h more than 80 abips.

In the first part of 1963 the fuel was chan ,ed in all three reactors aftere
the total power produced reached 25,000 W.

ttp to now the icebreaker "Isnin" has covered 61,000 miles (110,000 km) and
has brought more than 200 ships through heavy ice. The experience of these
four navigations proved that an atomic-powered icebreaker can sail in any seasonof the year and all year round.

The <onstant displacement and the possibility to operate at a large Power
whereever necessary without any fear of mnning out of fuel detemine the enor-
mous advantages of an atomic-powered icebreaker over modern icebreakers with
diesel-electric power plant which consume huge amounts of fuel in the course of

<

one navigation.

The old types of icebreakers (diesel-driven) have to vaste a considerable
part of time, so valuable during arctic navigation, vaiting for better ice con.ditions. These icebreakers could take through ice caravans of transport ships
when the ice thickness did not exceed 70 - 90 cm, and were unable to give any
help to transport ships when the ice reached two points. The "IAnin" icebreaker
retained the full maneuverability and remained completely operative under simi-

<

lar or even heavier conditions.
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IXperimental research on the physics of high-temperature plasma is being
conducted in the Soviet tinion on a very broad front. 7he basic purposes of this
research are:

1. To detennine the conditions under which plasma can--at a high tempera-
ture--be maintained in a state of stable equilibrium;

2. To develop effective methods for heating plasma.

It would be extremely diffleult for me to give an adequately casplete pic-
ture of the research into the physics of high-temperature plasma being conducted
in our country, because this work is being carried out in a variety of different
directions.

I shall therefore limit myself to telling you something of the results ac-
hieved during this past year at the Institute for Atomic Diergy, and I shall '

select those lines of research which, it seems to be, are making a significant
contribution to the solution of problems involving the stability and heating of
plasma.

First of all I should mention the work in which plasma behavior was studied
in magnetic fields having a so-called hybrid geometry. At the basis of this dir-
ection of research there lies a clearly new physical idea. And its substance is
thio;

plasma can retain its high temperature only if it occupies a confined area
in space, and is in contact--on all sides--only with a high-level vacuum. Such
a suspension of a plasmoid in a vacuum can be accomplished with the aid of a
magnetic field. The duration of plasma retention may be of sufficient length
if conditions exist which am needed to insure a stable equilibrium of the plas-
moid. If we take into account the fact that a volume of plasma confined in a
magnetic field is analogous to a liquid dia-magnetic of very low density, then
ve can see at once one natural condition for plasma stability: the intensity of
the magnetic field must increase in all directions from the area occupied by the
plasma. An analysis of the laws of motion as they apply to particles of plasma
confined in magnetic fields, gives us one more condition. It can be fonnalated
as follows: The intensity of the magnetic field inside the area in which the
plasmoid is confined, must not become zero. In the vicinity of those points
in space where the intensity of the field passes through zero, certain general
laws which cover the smooth travel of particles in a magnetic field, are vio-
lated. Such areas, in a way, can then be regarded as centers of particle seat-
tering. And the existence of such centers would cause an intensive escape of
plasma particles.

The simplest way to create a magnetic system 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 flove in the same direction, and rectili-
near conductors, arranged sytenetrically around the common axis of the two coils.
Considered individually, such coils set up vhat is known as a '' mirror type" mas-
notic 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 radial direction, i.e. away from the axis. Mean-
while, alternating curnnt flows in the straight-line conductors, setting up a
magnetic field the structure of which is shown on Fig. 2b.

As a result of the superposition of both magnetic fields, the magnitude
of the resulting vector H increases in all directions fran the center of the
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area intended to be filled with plasma. Experiments with magnetic systems of
such type (wr shall call them hybrid traps) were begun by M. S. Ioffe and his
co-workers at the Institute for Atomic Dnergy as far back as 1961. To fill the
trap with high-temperature plasma, the method used was one which had been evolved
earlier and wb',ch is known under the name of lon magnetron. plasma created as a
result of ths ionisation of a gas, (hydrogen or deuterium) by the flow of elec-
trons from the heated cathode inside the small discharge area (located in the
axis of the system, behind one of the magnetic mirrors), spreads in the direction
of the magnetic field, forming a stream of concentrated plasma (see Fig. 3 for a
view 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 toLO kv., which draws the ions out of the plasma and accelerates them. After this
current is applied, the plasma beam splatters, so to speak, and the trap is filled
with fast ion plasma. The energy of these ions, after the current has been cut
off, is on the order of several key.

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 been possible to maintain the existence of
the trapped plasmoid. The basic results of these experiments, carried out this
year on an installation with a hybrid magnetic field, known as FR-5, are shown
on Fig. ka, b, and c.

The first drawing shows how, in the presence of a good vacuum, the concen-
tration of plasms trapped in the magnetic field of a hybrid trap, changes as a
function of time (Curve 1). For ccaparison purposes, a 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 (this
is the field of a simple trap with magnetic mirrors). The averge life of the
plasmoid in a hybrid trap, with a vacuum on the order of 1 10-%. is about
50 milliseconds. With an ordinary mirror trap this time does not exceed 100 to
150 microseconds. Fig. 3b shows how the time of plasma confinement in a hybrid
trap is a function of the residual gas pressure p,. We find that the value
is proportional to pf. From this we conclude that the only process which limits
the life of fast ions is transfer of charge of such ions to neutral atoms.

Fig. 3e 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 drawing, the value ofTjumpa 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 reviewed, the plasma is confined quite stably in the trap.
The shape of the oscillograms showing the change in the parar eters of the plasma
is also indicative of this. High-frequency oscillations, which are the usual
sign of the development of instability, are absent in the oscillograms 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 a plasma (with fast ions) in a magnetic
field. Until now, e e riments were conducted at an initial plasma concentra-
tion from 109 to 10 10 and an ion temperature of approximately 4 key. 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 raise 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 theoretical predictions, we may find a
new type of instability linked with the building up of plasma oscillations at
frequencies close to the larmor frequencies of ion rotation in a magnetic field.
Theoretical analysis shows that this instability may arise in the case where the
condition

P > )q w.?
(I)is satisfied, where A is the plasma density (the product of concentration andion mass).

The first steps in this direction have already been taken. In the spring
of this year experiments were begun in which the plasma trap was filled using
a method somevhut different from the one described above. In the new series of
experiments, injection of a placma with fast ions into a hybrid magnetic field
occurs thrcugh 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 ion acceleration (without the application of high voltage). It was seen that,
at certain parameters of the arc discharge which produces the plasma flow, high-
frequency electrical fields originate in this f3ov and lead to the ejection c.nd
acceleration of the ions. 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 key after 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 stability at increased concentrations. In
the first experiments on building up ions from a plasma flow with high-frequency
oscillations itgas possible to bring the average ion density within the trap to
a value of 3 10 cm3 This is approximately one order of magnitude higher average
concentration than that which was ordinarily achieved using the magnetron method
of plasm buildup. Signs of instability are absent as before, although condi-
tion (I) is apparently satisfied. It should be emphasized, however, that the
above results are only preliminary.

One 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 is many times

the basic and very real distinction between the experimen[ greater than the fieldintensity created by the natural current of the plasma. Footnote: This is
ts described hera and

experimento performed with 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 fomed, is
set on the cores of an iron transfomer. Be voltage which maintains the cur-
rent in the plasma is created inductively. In the tests described, the half-
period doration of plasma ctrrent varies from 5 to 30 maec for different equip.
ment and different discharge modes. The coils of a longitudinal magnetic field
are placed on the toroidal chamber. n e intensity of the longitudinal field may

,

I

be changed within vide limits. Until now, fundamental experiments have been con-
ducted with fields from several kilo-oersteds to 25 kilo-oersteds and currentin the plasma from 10 to 70 kilo-amperes.

In order that the placma formed by a discharge in hydrogen or deuterium not
become contaminated by impurities which may be desorbed from the valls, it is
necessary to clean the valls by extensive heating. This may be done in a chamber
with two valls. The inner vall (liner) 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 frca the outer shell of
the chamber, which is made of thick copper. The thick copper shell is necessary
in order that the ring-shaped plasma column and current, which s.ttempts to ex-
pand under the action of electrodynamic forces, be kept in equilibrium. Didy
currents originating in the copper shell create a force which compensates for
the stretching of the column. The space between the liner and the outer shell
is placed under a high vacuum. h is construction provides the vacuum hygiene
necessary for the experiment but at the same time has one very essential short-
coming. A plasma column hidden behind a number of shells is very difficult to
rcach with measuring apparatus. This is one of the peculiar examples of the
"indeteminancy principle" which so strongly complicates all experimental works
on the physics of high-temperature plasmas.

Apparatus of the above design has received the name "Tokomak." An entire
series of such equi;nent has been built. Figure 6 shova the largest installa-
tion of this series -- the T-3 It was placed in operation last year. We
basic data for this device aru maximum intensity of the longitudinal magnetic
field a 40 kilo-oersteds; maximum current in the plasmar 250 kiloamperes; dura-
tion of the first half-period of discharges 10-20 milliseconds. The diameter
of the toroidal chamber is 200 cm, and the diameter of the cross section of the
liner is h0 cm. For the purpose of decreasing the interaction between 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-
phragm was 30 cm in the majority of experiments with T-3 device.

Before mentioning the present status of research on a stabilized discharge.
I would 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 were unable to obtain plasma columns
with a sufficiently high electron temperature.

We conductance of the plasma was no more than 3 to 4'1010 egse, which in.
dicated an electron temperature not exceeding 10-15 ev We following points were
characteristic of the behavior of the plasma column in these experiments:

a) a high intensity of plasma emission at which intenso lines balonging
to the atoms and ions of different impurities were sharply di6tingul:,hed;

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

c) a very rapid drop in electron concentration. It began to decrease be-
fore the current reached a maximum (figure 7b).

It is natural that, in attempting to explain these peculiarities in the
behavior of a plasma, we had to consider different mechanisms of origination of
plasma instabilities. Of these mechanisms the classical case of macnetohydrody-
namic instability of a plasma column with current was long ago isolated and the-
oretically investigated in detail. This fom 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 is, one which has no
resistance to changes in its shape, such as a liquid conductor. Concrete mant-
festations of this instability are well known. Ihring the passage of a large
current, a conductor, first, is divided into staggered sections of expsasion and
compression and, secondly, it buckles and twists.

We most effective means of canbating the develoInent of such defomations
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1s the use of a strong longitudinal magnetic field. The resilience of the force ;
lines of such a field imparts to the conductor placed in it a hardness necessary :
for stability..under the condition that the intensity of the longitudinal field
is sufficiently large in comparison with the intensity of the field produced by
the currsnt flowing through the conductor.

For a conductor placed inside a shell with well. conducting valis, the shell
also can play a stabilising role. Foucault currents arising in the shell during *

shifting of the conductor prevent the development of bending deformations.

Let us consider a ring-shaped filament with cross-sectional radius 3, and
ring radius R located in a tcroidal chasber with conducting valls in which pro.
duced a longitudinal field of intensity II. Theoretical analysis shows that the
quantity 4,3yp at is a parameter on which the stability of the pinoma depends.

9 H3n
IIere NJ is the intensity of the magnetic field of the magnetic field of the

plasma current on the surface of the colunn. 5If 9 / , the plasma column must
be completely unstable. It vill twist spirally and, in so doing, vill come in
contact with the valls of the chasber (liner).

If q yl, then the most dangerous spiral instability should disappear. In
that case, only certain forms of deformation may appear on the surface of the
plasma column in which case its axis does not shift. The larges q is, the more
effectively all possible forms of classical magnetohydynamic instability should
be suppressed. It may be practically stated that for j A the plasma filament
is 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 field did not exceed several kiloersteds, and
for sufficiently high values of q it became necessary to follow the course of
limiting the current in t!.e 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, it was possible
to observe a significant weakening of the instability, expressed in a decrease
in the nmplitude of the oscillations in the oscillograms. Ilovever, even for
large values of q it was not possible to obtain sufficiently smooth oscillograms;
neither was it possible to lesser the speed of the decrease in concentratior. of
charged particles. Ther. fore, ve are inclined to the belief that, bccides ths
simple magnetohydrodynamic form of instability, other mechanisms must exist
which do not lead to an instantaneous disruption of the plasma column but grad.
unlly " corrode" that column, draining off charged particles to the valle of the
chasber. In other words, it could be postulated that we have encountered a
phenomenon of " anomalous" diffusion of a plasma. This anomelous (with respect
to its speed) diffusion can be conditioned by the very varied mechanisms of in.
stability of the plasma in a magnetic field. A lack of theoretical ideas to
explain anamalous diffusion has long existed; therefore, it was possible to cou.
sider a large number of possible explanations for the capricious behavior of the
plasma column in a discharge chamber, and we immediately considered very seri.
ously the analysis of these possibilities, llovever, it subsequently appeared
that the majority of the effects, which at first vore ascribed to the action of
" anomalous" diffusion, at the same time resulted from a much simpler cause. This
cause is the variable position of the plasma filament relative to the chamber.
The plasma filament can be stationary relative to the chamber durity; an entire
discharging prrtees only under certain definite conditions, which, for practical '

purposes, are never obtained. Under actual experimental conditions the plasma
column at the time of discharge moves within the limits of that free space

| d termined by the opeining of the diaphragm. If the column comes in contact
| vith the edge of the diaphrnsa and continues to move further toward that edge,
[

!
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|then - first - a cooling of the plasma occurs, and - second - the radius of the
column begins to decrease (the plasma is tmncated by the diaphragm). We de-
enase in the cross-section of the column during its movement can be very signi-
ficant; therefore, the true value of a vill differ considerable from the radius
of the opening of the disphragm. This means that the parameter of stabilityg ,
during movement of the column, may decrease significantly ccupared to the vaIue
it should have, the current being equal, for the case in which the plasma occupies
the entire free cross-section of the diaphrags.

A decrease in g leads to a development of instabilities, which can be seen
in oscillograms of the discharge. }breover, the decline in the radius of the
plasma column when the plasma is exposed to radio vaves, gives the same effect
as a decline in concentration and hence may be incorrectly interpreted as a
manifestation of anomalous diffusion. From the foregoing it is clear that be-
fore ve can take up the question of laws of plasma diffusion, we must detemine
the causes which produce displacement of the plasma column and either eliminate
these causes or control them accurately during the experiments.

The shifting of the plasma column vi .in the toroidal chamber has a number
of causes. Among these, one of the principal ones in the majority of cases, is
the imperfection of the geometry of the magnetic field. h e movement is reflected
in the appearance of a component of the outer field which is perpendicular to
the direction of the current in the plasma. let us call this component N 4 .

ItactsuponaunitlengthoftheplasracolumnwithaforceAN;j,where'Tis the energy of the plasma flow (in cgse units).
g

h e force F averaged out over the entire 3ength of the plasma column,
causes e dirplacement of the latter with respect to the chacter. As for the
valve of N , it is contributed to, in the first pla.e, by the coils of the2
longitudinal field (due either to construction flaws or to inaccurate position-
ing); secondly, by scattered fields of the primary transfomer vinding supplying
the discharge, and, thirdly, by the current flowing in the liner. A simple 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 8,2 , the column shifts a distance equal to MW vhereh is the radius!

of the copper shell. With a current of 10 ka. and 25 cmflihell radius, the dis-
| placement vill amount to :':$ 0. M . In this case the appan nt displacement ofj'

the column must be observed at a relatively very lov value for the transverse
i component of extemal field (recall that the potential of the longitudinal field

reaches tens of thousands of oersteds). Aside from transverse fields, another
factor causing column shifting may be changed in plasma pressure, caused by
heating and also by redistribution of current over the cross section of the col-|

! umn, i.e., a change in the effective value of a. . Several simple experiments,
i carried out about two years ago, , My confimed the hypothesi? that filament
'

movement in the chamber is largely tne result of those effects which vere pre-
viously Srcribed to the unsolved mechanism of plasma instability. Therefore,!

steps were taken to decrease as far as possible the value of transverse magnetic
fields in operating units. On the T-3, which by this time was already assembled,
ve confined ourselves to making it possible, with the aid of auxiliary windings,
to compensate the dean value of component # from the vinding of the longitudinal2
field and change this component in value and direction. Compensation of the,

I

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 (oving to its inter-
action with the edges of the diaphragm, which may lead to intense desorption of
impurity atces). Furthemore, a new unit T-5 was constructed with a very care-
fully prepared longitudinal field vinding, built to reduce to minimum the

>
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transverse components of this field. Inside the chamber of unit T-5 is situa.
ted a system of contactors with which it is possible to control the position of
the plas,ma column, creating field with a preassigned law of change during
discharge.

In both T-3 c.no T-5 the position of the plasma column is controlled during
dischargo with a systela of magnetic probes distributed in the chamber. With
the aid of these probes it is possible to measure the mornentary position of the '

aximi line of the plasma column with an accuracy of up to several milliesters,
and to observe how this position changes during the entire process.

Improvement in the ge(xnetry of the magnetic field and utilitation of addi-
tional vindings to ccanpensate led to a significant change in basic character-
istics with whose aid it is possible to appraise the behavior of the plasma
column. This change was 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 #2 compensating turne gave
a relation of 6 to N vhich is characterized by the presence of a conductivity
maximum at N 15 kiloersteds. The value 4 at maximum during discharge in
hydmgen at an initial pressure of 5 x 10-4 to 1 x 10-3 ses is 2 x 10+D case
(conductivity is calculated on the assumption that the plasma column fills the
entire cross section of the diaphrasm). By connecting in the ccanpensating turns
with the properly selected current strength (proportional to (, ), the conduc.
tivity is markedly inenased and the maximum on the 4(6 curve disappears.
At N = 25 kilooersteds, the value I. , calculated for a ) column tilling the cross
section of the digragm (i.e., minimited as compared to the true valiae) ccan-
prises 1 - 2 x 10 cgse at the above stated initial pressure. This cornsponds
to a ple.sma electron temperature in the range of 100 to 140 ev. These figures
themselves are in a sense a record. For the first time a plasma column was ob-
tained with the conductivity of metal.

On units with improved field geometry and ccanpensation of#1. , the oscillo-
grams of all electrical characteristics of the discharge at sufficiently large

! values of //, become smooth; i.e., the external symptoms of instability disap-
pear. Also, the nature of the relation of plasma concentration to time is changed.
In contrast to a rapid drop in h, , which was observed earlier, radiointerfem-

j 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.

Therefore, the question on the existence of "ancanalous" diffusion still remains
open.

However, at the present time it vould be premature to assert that in experi-
monts on "Tokcinak" units conditions hrve been definitely established under which
a stable plasma filament is fomed with a temperature increasing in accordance

! with the simple laws of Ohmic heating. In order that this assertion be fully
' justified, it still remains to prove that under the conditions of our experia

ments the process of the fomation of "blevn" electmns, i.e. electrons continu-
ously accelerated by the electrical field, does not play a substantial role. If

| it were found that a considerable portion of the current ' a a plasma is trans- I
l mitted by such electrons, then our concept of the process of heating of a plasma

should have changed ccacpletely. 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 considerable role of processes i

of continuous acceleration c f electrons in "Tokomak" installations, but this
conclusion is still not sufficiently convincing. We hope that experiments which
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are slated for next year sill definitely solire this problem.

In addition to clarification of the role of " blown" electmns, it is also
necessary to understand the nature of certain peculiar phencunena connected with
movement of the plasma filament at the time of discharge. In the course of in.
vestigations conducted on "Tokcmak" installations quite some time ago it was
noted that on the oscillograms of the dischargJ voltage there exist character.
istic features of the " crack" or " break" typ1 (See Fig. Ba). An abrupt, short
drop of voltage is not acccumpanied by a corresponding decrease in the magnitudeof the current. On the cont at this very acument there is observed a tem.
porary inenase in the value Heasurements of the position of the.

plasma filament with the aid ma6netic proves made it possible to establish
a direct connectica between the " cracks" on the oscillograms of voltage and
transpositions of the plasma filament.

Fig. 8b illustrates a time. phased oscillograph voltage curve whit.h shows
how the position of the axis of the plasma filament changes with time in the
equatorial plane of the chamber. The value of the displacement a is ccusputed
from the center of the opening of the diaphragm. positive values of a corres.
pond to an outward movement of the filament, i.e., an increte in the radius
of the plasma ring. We note that prior to the moment of the appearance of a
crack on the voltage iscillogram the plasma filament moves outward. After thisan abrupt decrease occurs in d 1.e., the filament seems to be deflected in.vard. Dimultaneous with the decrease of a there occurs a sharp incnase in
the radius g cf the filament cross section. B is designates that the induc.
tance of the plasma loop, which is proportional to / h 6 drops abruptly.
SpecificallythisisaninstantaneousdropofinductanceIduetothesimultane.

change of and a) and is the cause of the " cracks" on the voltage curve.ou

The origin of these phenomena has not as yet been established. It should be
noted that at high values of% and low values of the initial pressureA no
special features are observed on the voltage oscillogram.

We next problem of experimental investigations on the "Tokomak" instal.
lations is the transition to even stronger fields. Inenasing No will make
it possible for us to increase the magnitude of the current in a discharge
without danger of the appearance of instabilities, and an increase in the cur.
rent should, in turn, result in further increase in the temperature of theplasma.
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FIGURE 3*
'

Fig. 1. Diagram of installation with ecembined fields.
IFig. 2. a) Field of mirror system.

_

i
,

b) Field of conductors. '

Fiij. 3.. Section of the experimental unit. '

5Fig. h. a) Variation of concentration with respect to time with and without |

conductors.
I

b) Relational.ip of confinement time to[,, .
|
t

c) Belationship of lifetime ,e to current magnitude in conductors.. i

'

Fig. 5. ' Sctemd.ic diagrare of the "Tokomak" installation. '

Fic. 6. Photography of the T-3 installation.

Fig. 7 a) High-frequency oscillations on oscillograms of the electrical
parameters of discharge.

b) Belationship of electron concentration in plasma filament to time. >

Fig. 8. a) Oscillograms of dischar6e voltage and generated current.

b) Shift of plasma filament axis in the equatorial plane of the
d

chamber.
1 ,

s

1- ,

* Figures not available for this report I
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APPINDIX C

Bemarks By Chairman
t

Petrosyants Upon His

Return To 'Jhe Soviet Union
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Urion his return to the Soviet Union, Cnairman Petrosyants was asked by
correspondents >f the Soviet newspaier IZVESTYA to cive his irnpressions of the
stay in the United States. His remarks as set forth in the newspaper article
are as fellovs

THE PEACE 7UL A*K;f4 ID A BRIDGE OF FRIDIDGHIP

The program of our trip was a very full one. We visited the main storsic'

centers of the118. and learned about the research work under way at them on
peaceful uses of atomic energy. We visited several atomic power plants and took
part in the vinter meeting of the American Atomic Industry Forum -- a gathering
of atomic scientists and industria11sta manufacturing equirnent for atomic science
and engineering. At this meeting I made a report on various Soviet projects in
the field of peaceful uses of atomic energy and answered questions. Some mem-
bers of our delegation studied the scientific research under way at the famous
Princeton University where Academician L. A. Artsimovich delivered a very in-
teresting lecture on Soviet research or, thennonuclear fusion.

Most interesting, in my opinion, were our visits to atomic power plants:
Indian Point with a hydrogen-water reactor, Dresden with a boiling water reactor,
Hallam with a reactor on sodium coolant and the Enrico Fenni plant located 40
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 IAbora-
tory where about 5,000 persons are employed. Interesting research is being done
there on the transuranium elements. Of great interest are the studies in the
field of radiochemistry. A laboratory is being completed for processing highly
active "tvely" -- the heat-releasing elements of reactors. A great deal of work
is being done in the U. S. in the conatruction of several powerful research re-
actors with high neutron flows.

I 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 cur cooperation in this field of science. We reached an understanding
on long-term exchange of delegations and scientists, particularly between such
organizations as tk Institute of Theoretical and Experimental Physics and the
A.gonne National L. -ratory.

Everywhere in the U.11 the Soviet delegation met with a fine and friendly
reception.
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