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C H A P T E R 1  e- PAOGRESS AND COOPERATION 

10TH ANNIVERSARY 

September 1965 marked the 10th anniversary of NRDL a s  an independ- 
en t  comand. 
of the San Francisco Naval Shipyard. 
even though SFNS was redesignated Hunters Point Division, San Francisco 
Bay Naval Shipyard on 11 May 1965, repor t ing  t o  the Commander, S a n  Fran- 
c isco Bay Naval Shipyard a t  Vallejo.  

P r io r  t o  t h a t  the Laboratory was a subsidiary organization 
NRDL's tenancy remains unchanged 

SHDT I N  MANAGEMENT CONTROL 

However, Navy con t ro l  of NRDL was changed on 1 January 1965. The 
Chief of Naval Mater ia l  was assigned Command and t h e  Bureau of Ships was 
assigned support r e s p o n s i b i l i t i e s .  These replace mi l i t a ry  command by 
COM'IWEL\rE and management cont ro l  by BUSHIFS. COM'IWELVE now exercises  
area coordination f inct ions.  
fluenced operat ions a t  NRDL. 

These changes have not s ign i f i can t ly  i n -  

RE PORTING SUPERS TRUC TUXE CHANGES 

During the  year a number of important changes were noted i n  NRDL's 
report ing superstructure:  I n  September RADM John A. Clark, USN, succeeded 
RADM John McNay Taylor, USN, 2s COETIWELVE, and CAPT Harry C .  Mason, USN, 
re l ieved CAPT Warfield C .  Bennett, Jr. ,  USN, as Assis tant  Chief of BUSHIPS 
(RaJ) ) .  NRDL's f i r s t  Director ,  RADM John J. Fee, USN, became Deputy Direc- 
t o r  of t h e  Bureau of Ships on 1 December, replacing RADM Charles Curtze, 
USN, who r e t i r e d .  RADM Edward J. Fahy, USN, Commander, SFBNS, was appoint- 
ed Chief of the Bureau of Ships t o  replace RADM W i l l i a m  Brockett, USN, 
when he r e t i r e s  on 1 February 1966; and RADM John H. McQuilkin, USN (C.O.  
& Director a t  NRDL 1957-60) was named t o  replace A d m i r a l  Fahy. 

"EXCELLENT", INSPECTORS REPORT 

An over-a l l  r a t i n g  of "Excellent" was assigned t o  NRDL by both t h e  
E N D  m i l i t a r y  inspectors  who v i s i t e d  the Laboratory on 11 February and 
the  Bureau of Ships Inspector General 's  group following t h e i r  comprehen- 
s ive  command and inspection held here 20-23 Ju ly .  
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lZND INSPECTION--W John McNay Taylor, Cmndant, Twelfth Naval 

District, conducts inspection of military personnel. 

the inspection, the Admiral commented that - "Even though this is a 
unique and prinarily non-military activity unlike the average ship or 

station, you certainly know how to turn out a smart looking inspection." 

He also commented upon the good impression NRDL makes for the U.S. on 

the frequent foreign visitors to the Laboratory. 

On completion of 



"Even though NRDL i s  a unique end pr imari ly  non-military ac t iv i tx ,  
unlike the  average ship o r  s t a t i o n , "  s a i d  the 12ND Commandant, RADM 
Taylor, when he conducted a full dress  inspection of the Laboratory's 
mi l i t a ry  personnel on 12 February, "you ce r t a in ly  know how t o  t u r n  out a 
smart looking inspection." He a l so  mentioned the  good impression t h a t  
NRDL makes f o r  t h e  United S t a t e s  on t h e  frequent foreign v i s i t o r s  t o  t h i s  
Laboratory. 

The BUSHIPS' inspection repor t  spec i f i ca l ly  commended e n l i s t e d  
t r a in ing ,  c i v i l i a n  career development, and forms and paperwork management. 
The "personnel action" t i c k l e r  system f o r  mi l i t a ry  personnel was c i t e d  
as being outstanding. The Laboratory's equal employment program was a l so  
commended. 

A F F N T I V E  ACTION 

The C . O .  & Director,  CAF" D. C .  Campbell, was a member of the 
"Affirmative Action Panel" a t  a 12ND Area Conference on Equal Employment 
Opportunity held a t  Treasure Is land on 22 October. 

NRDL hi red  f ive  youths between the ages of 16 and 2 1  during the 
summer i n  cooperation with President Johnson's Youth Opportunity Campaign 
aimed a t  providing extra  work and t r a i n i n g  opportuni t ies  for a t  l e a s t  
ha l f  a mil l ion young people throughout the country. Hired, a l so ,  as  a 
working boss was Er ic  Partch, a jun ior  a t  Harvey Mudd College, Claremont, 
Cal i forn ia .  

I N  MEMORY OF A GREAT MAN 

It is with sadness t h a t  the death of D r .  Robert Reid N e w e l l ,  73, 
mst be noted i n  1965. 
27 August a f t e r  a long i l l n e s s .  
N e w e l l  on i t s  s t a f f  f o r  6: years  as a Medical Consultant a f t e r  he r e t i r e d  
from Stanford University School of Medicine a f t e r  37 years there .  
only was D r .  Newell one of the world's  most renowned rad io logis t s ,  but  he 
w a s  a l so  an extremely outgoing person who provided invaluable counsel 
and guidance t o  hundreds of young s c i e n t i s t s  and medics. 

He passed away a t  h i s  home i n  San Francisco on 
ERRDL had the pr iv i lege  of having D r .  

Not 

DR. COOPER RETURNED FROM LONDON 

The Sc ien t i f i c  Director,  D r .  E .  P. Cooper, returned t o  NRDL on 9 
Au@;ust a f t e r  a one year s t ay  i n  England, where he worked out of the Office 
of Naval Research i n  London. D r .  E .  R .  Tompkins, who assumed D r .  Cooper's 
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YOUTH OPPORTUNITY GROUP -- These five youths and t h e i r  boss, Eric  P a t c h  
( t h i r d  from l e f t ) ,  were hired as par t  of the Youth Opportunity C a m p a i g n .  



d u t i e s  during h i s  absence, resumed full time dut ies  as Associate Scien- 
t i f i c  Director.  

During h i s  year abroad, D r .  Cooper v i s i t e d  most of the European 
Laboratories doing work of i n t e r e s t  t o  NRDL, attended in t e rna t iona l  con- 
ferences,  and wrote r epor t s .  

NRDL-ED CONTRACT MIUSTONE 

F i r s t  research study t o  be completed under the NRDL (Navy) CCD 
contract  monitoring arrangement made i n  1964 was reported e a r l y  i n  April .  
Factory Mutual Research Corporation completed an inves t iga t ion  of f i r e  
s a fe ty  upgrading f o r  f a l l o u t  s h e l t e r s  i n  bui ldings.  Evaluation of s h e l t e r  
shielding against  nuclear rad ia t ion  and a guide fo r  determining f i r e  
hazard t o  s h e l t e r  occupants was included. Methods, mainly unt r ied ,  f o r  
upgrading on an emergency bas is  the  f i r e  sa fe ty  of ex i s t ing  f a l l o u t  
she l t e r  buildings were suggested. These included thermal b a r r i e r s  f o r  
window openings, automatic smoke de tec to r s  with manual response by f i r e -  
f ight ing s h e l t e r  personnel, and environmental s ea l s  fo r  s h e l t e r  areas.  

PRCGRAM REVIEW TERMINATED 

The weekly s e r i e s  of Program Review Seminars i n i t i a t e d  i n  Septem- 
ber 1964 continued u n t i l  November 1965 when it was discontinued. 
technica l  program of one branch was reviewed each week. By March 1965 
the e n t i r e  branch s t ruc tu re  plus  spec ia l  p ro jec ts  and the Core program 
had received one review. This was followed by a second s e t  of reviews 
a l l  of which proved except ional ly  productive.  

The 

COST REDUCTION GOAL UPPED 

In  September 1965 the Cost Reduction Committee was recons t i tu ted  
with new membership. M r .  P a u l  E .  Zigman was named chairman and M r .  J. E.  
Ca r ro l l  continued a s  coordinator.  I n  accordance with ALNAV 32 of 22 
September 1965, cos t  reduction suggestions were accelerated during the 
"Open Season" period 27 September through 26 November. 
i n  FY65 amounted t o  $147,000 and a s t rong e f f o r t  i s  being made t o  meet 
the  ~Y66 goal of $213,000. 

Reported savings 

PAY RAISE FOR AIL NRDLERS I N  1965 

A mi l i t a ry  pay r a i s e  was signed by President Johnson on 2 1  August 
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and became ef fec t ive  on 1 September -- an increase of 6% of base pay f o r  
o f f i c e r s  and 11% increase f o r  the e n l i s t e d  men. Classif ied employees 
received a 3.6% increase re t roac t ive  t o  1 October; and on 5 December, 
b lue-col la r  employees received a r a i s e ,  also averaging about 3.6%. 

INTERVIEW PRGRAM 

On 22-24 March an interviewing study was conducted by a group of 
four psychologists from t h e  Naval Personnel Research Act iv i ty ,  San Diego, 
Cal i forn ia .  This group consisted of D r .  Calvin W. Taylor, D r .  W i l l i a m  H. 
Githens, D r .  Warren S. Blumenfeld, and M r .  I rving E .  Xaplan. They con- 
ducted interviews of about one hour each w i t h  34 members of the Nucleonics 
Division. The interviews were designed t o  determine what were considered 
by the interviewees t o  be favorable and unfavorable working conditions.  
The responses were coded t o  make them anonymous. 
t h i s  study were analyzed by D r .  Taylor 's  group and compared with t h a t  
obtained from previous s tud ies  a t  other  labora tor ies .  
sponses w i l l  be s tudied as functions of organizational l eve l ,  education 
o r  t r a i n i n g ,  and previous experience as obtained from personnel records.  
Professor Taylor i s  pa r t i cu la r ly  in t e re s t ed  i n  t h e  r e l a t i o n s  between 
c r e a t i v i t y  and product ivi ty  and other  environmental f ac to r s .  The r e s u l t s  
of t h i s  s tudy were made available to NRDL management i n  wri t ten and o r a l  
form. 

The da ta  obtained i n  

The type of r e -  

MAJOR PERSONNEL CHANGES 

CIVILIAN 

There were no major permanent c i v i l i a n  personnel changes during 
On a temporary bas i s ,  however: 1965. (1) D r .  D.  J. ICimeldorf, Head, 

Physiology-Psychology Branch, was appointed Acting Head of the Biological 
and Medical Sciences Division during the  one-year absence of the Head of 
the  Division, D r .  E .  L. Alpen. 
w i l l  be a t  t h e  I n s t i t u t e  Gustav Roussy near  Par i s  (see page 48 ) .  
D r .  W .  E .  Kreger, Head, Nucleonics Division, was designated as Cyclotron 
Project  Director  when the Cyclotron Project  Office was establ ished (see  
page 7 ) .  D r .  Kreger was given au thor i ty  t o  r e c r u i t  and assign t o  h i s  
group any person i n  the Laboratory needed i n  t h e  ea r ly  completion of the  
Project .  D r .  Kreger continues as Head, Accelerator Branch. However, f o r  

From 1 J u l y  1965-1 July 1966, D r .  Alpen 
(2) 



SClENTIFIC DEPARTMENT LEADERS 

D r .  Richard Cole Dr. W i l l i a m  Kreger 
Chem Tech Div. Nucleonics Div. 

Mr. Robert C .  L i Y y  
Asst. Sc ien t i f i c  Director 

Mr .  Samuel C .  Rainey Mr. Charles Ksanda 
Military Evaluations Div. Operational Requirements Office 

D r .  Edward Alpen M r .  Paul Z i p a n  
Bio Med Div. Technical U@nt Office 

D r .  Edward Tonpkins 
Associate Scienzific X r e c t o r  

Not shown i s  the  Sc ien t i f ic  Director,  D r .  Eugene P. Cooper, who was on 2 
year's tour of duty with ONR Branch Office, London, when t h i s  >icture  
was taken. 



ENGLISH INFLUENCE -- D r .  Eugene P. Cooper, S c i e n t i f i c  Director,  reported 
back t o  the  Laboratory i n  high English s t y l e  complete w i t h  umbrella and 
derby ha t  following a year's leave of  absence for  an ONR-NRDL collabora- 
t i v e  duty working out of the  Office of Naval Research Office in  London. 
Dr. Cooper v i s i t e d  v i r t u a l l y  all of  the  major labora tor ies  i n  m o p e  in-  
volved i n  nuclear or radiological research and compiled i n  monthly seg- 
ments an exhaustive report  on h i s  study of t h e i r  work and f a c i l i t i e s .  

DR. DONALD J. KTMELDORF LCDR M. I. VARON, USN 
Acting Head, Bio Med Division Radiological Medicdl Director 

' n  
t e i j  



t he  duration of the Cyclotron Project, D r .  C .  Sharp Cook, Physics Con- 
s u l t a n t ,  Code 903, was temporarily re l ieved  of those r e spons ib i l i t i e s  
end was assigned a s  Head of the Nucleonics Division. 

The Head of the Wage and C las s i f i ca t ion  S taf f ,  Donald Woll, re-  
turned t o  LTDL i n  Ju ly  a f t e r  an absence of t w o  years i n  London, England, 
as Assistant Personnel Officer of the  Navy Consolidated Indus t r i a l  Rela- 
t ions Office .... L t .  Col. Gerald Gibson, USMC (Ret),  NRDL Marine Liaison 
Officer from 1957-60, r e t i r e d  and returned a s  a c i v i l i a n  Operations Re- 
search Analyst i n  the Mi l i ta ry  Evaluations Division .... a former Wave s t a -  
t ioned a t  NRDL from 1956-58, Marjorie "Wilkins" Jones, returned i n  Novem- 
ber  as a c iv i l i an  Biological Technician. 

MILITARY 

Key o f f i ce r  changes included the following: (1) The Medical Direc- 
tor ,  C m  Paul F .  Dickens, Jr., K ,  USN, went t o  Washington, D .  C .  i n  
February a s  Medical Officer a t  t he  Naval S ta t ion  with addi t ional  duty a s  
S ta f f  Medical Officer of the Washington Naval D i s t r i c t .  He was replaced 
by LT F.  G .  McKnight, MC, USNR, who went out of the Navy i n  Ju ly .  U n t i l  
LCDR Myron I. Varon, MC, USN, reported aboard i n  August a s  the new Medical 
Director,  the b i l l e t  was f i l l e d  by LT J. S. Hege, Mc, USNR, a Medical 
Investigator i n  the Experimental Pathology Branch. (2) After an absence 
of e ight  years, CDR Mildred J. Gehle, USNR, returned t o  IWJL i n  Ju ly  and 
was assigned t o  the  C .  0.  and Director 's  s t a f f  as Head of Central  Sched- 
u l ing ,  a new Code 105. (See page 7 ) .  While here from 1954-57, CDX 
Gehle was Assistant t o  the Administrative Director.  
t r a t i v e  Division Officer, LCDR Kenton Hypes, Jr.,  MSC, USN, was t rans-  
fe r red  to the Far East i n  October, he w a s  replaced by LT J. A. Zinnneht, 
b B C ,  USN. He was replaced 
a s  the C .  0. and Direc tor ' s  Representative a t  Camp Parks by a c i v i l i a n ,  
R. R .  Soule, who is also Head of t he  Technical Developments Branch. A s  
Officer-in-Charge of the N A W O N  Team, LCDR Opi tz  was replaced by LCDR 
E. T.  Sansom, USN, Technical and Administrative Services Director .  LTJG 
M. A. Chase was appointed Assistant Representative a t  Camp Parks. 

(3) When the Adminis- 

(4)  LCDR A. G. O p i t z ,  USN, r e t i r e d  i n  January. 

CONSULTANTS UNDER CONTRACT NOW TOTAL 11 

There were 11 distinguished s c i e n t i s t s  under contract  during 1965 
t o  consult per iodical ly  with members of the NRDL permanent s t a f f .  Con- 
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t i n u i n g  in t h i s  capacity from the previous year  were (and t h e i r  a rea  of 
i n t e r e s t s ) :  (1) DR. ABRAHAM BROIDO, Head, F i r e  Chemistry Group, Pac i f i c  
Southwest Forest  and Range Experimental S ta t ion ,  U. S. Dept. of Agri- 
cul ture ,  Berkeley (Thermal Radiation e f f ec t s ;  mechanisms of i gn i t i on  and 
pyro lys i s ) .  
search, Berkeley (Effects  of ionizing rad ia t ion  on intermediary metabo- 
l i s m  and n u t r i t i o n ) .  
Massachusetts I n s t i t u t e  of Technology (Biophysical problems per ta in ing  
t o  rad ia t ion  e f f ec t s  and hazards; general  in tegra t ion  of NRDL research 
program). 
t i o n  Laboratory, Berkeley ( I d e n t i t y  of p a r t i c l e  charge and r a t e  of energy 
loss of primary cosmic rays i n  t i s s u e ) .  
of Aeronautical Sciences,  U .  C .  Berkeley (Hydrodynamics of underwater ex- 
p los ions) .  
Kentucky, Lexington (S tab i l i za t ion  of the 2 MeV Van de Graaff acce lera tor  
pos i t ive  ion beam curren t  t o  reduce per iodic  osc i l l a t ions  and random 
s h i f t s  of beam). 
Administration, Lo6 Angeles (Pathology of acute and l a t e  e f f e c t s  o f  ion- 
i z ing  r ad ia t ions ) .  (8) Professor VIRGIL E .  SCHRCCK, Associate Professor 
of Nuclear Engineering, U. C .  Berkeley (Kinetics of reactor  systems, heat 
t r ans fe r  problems, rad io logica l  hazard evaluat ion) .  The three  new con- 
s u l t a n t s  added during the  year were DR. GERALD E.  HANKS, A s s i s t a n t  Pro- 
fessor  of Radiobiology, Stanford University (Relation of endotoxin pro- 
tec t ion  of hematopoietic nodule formation i n  spleen of i r r ad ia t ed  mice); 
DR. THEODORE L. PHILLIPS, Assis tant  Professor of Radiology, U .  C .  Medical 
Center (Applications and techniques of e lec t ron  microscopy; ana lys i s  of 
e lec t ron  micrographs of t i s s u e s  from i r r ad ia t ed  animals); and DR. GORDON 
L. BROWNELL, Associate Professor, Massachusetts I n s t i t u t e  of Technology 
(Radiation hazard ana lys i s ,  rad ia t ion  physics, and rad ia t ion  dosimetry). 

( 2 )  DR. CECIL ENTENMAN, Director,  I n s t i t u t e  f o r  Lipid Re- 

(3) DR. ROBLEY D. EVANS, Professor of Physics, 

(4)  DR. HARRY Y. HECKMAN, Research Physicis t ,  Lawrence Radia- 

( 5 )  DR. MAURICE HOLT, Professor 

( 6 )  DR. BEXNA.RD D.  KERN, Professor of Physics, University of 

(7) DR. VICTOR J. ROSEN, Chief of Pathology, Veterans 

ORGANIZATIONAL CHANGES 

Thechart on next pageshows graphically the organization of NRDL 
a s  of 31 December 1965. During the year the following changes were made: 

On 4 January t h e  Pharmacology Branch (Code 924) within the Bio- 
Functions of l o g i c a l  and Medical Sciences Division was disestabl ished.  

the  Branch were reassigned t o  the Physiology-Psychology Branch (Code 925), 
t o  the Cel lu la r  Radiobiology Branch (Code 926),  and t o  a u n i t  within the 
Divis ional  Office, Code 920. 
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Special  du t i e s  as Code lo5 on t h e  staff of  the C .  0. & Director 
wereadded when CDR Gehle reported aboard (page 5 ) . Code 105, represent-  
ing a C e n t r a l  Scheduling function, is concerned with c e n t r a l  maintenance, 
i n  graphic form, of program schedules and progress.  

On 1 November the Cyclotron Project  Office (Code 180) was estab-  
l i shed ,  superseding the former o f f i ces  of Cyclotron Coordinator and Cy- 
c lo t ron  I n s t a l l a t i o n .  (See page 4). 

FACILITIES 

ANIMAL FACILITY COXSTRUCTION SET FOR 1966 

Construction i s  s e t  t o  s t a r t  i n  January 1966 on the new $793,000 
NRDL Research Aninal F o c i l i t y  approved l a t e  i n  the year by Congress and 
the President under a MILCON Project .  It w i l l  t ake  about one year t o  
complete the two buildings - the  16,000 sq.  f t .  main one s to ry  bui lding 
t o  house pathogen f r ee  colonies,  holding rooms, and s t e r i l i z i n g  rooms, 
and the  8,000 sq. f t .  dog kennel. This f a c i l i t y  w i l l  be located across 
the t racks  from the main building and s l i g h t l y  west, including p a r t  of 
the  present  "B" parking l o t .  

CYCLOTRON PROGRESS REPORT 

Completion of the f i rs t  major phase i n  construct ion of the 70" 
cyclotron was achieved on U. February when power t o  the main c o i l s  was 
success f i l l y  applied.  
were all performing well  within design spec i f ica t ions .  
of 1340 amperes was passed through the c o i l s  s a t i s f a c t o r i l y .  
t i on  of the  cooling system and all in te r locks  were ind ica t ive  of adequate 
design. 
t o  achieve f u l l  power of the system. Detailed magnetic measurements t o  
determine t h e  general nature of the main magnetic f i e l d  were being con- 
ducted on a continuing b a s i s  as the  remaining i n s t a l l a t i o n  of the o ther  
assembly items continued. 

All  preliminary t e s t s  indicated t h a t  the subsystems 
A t o t a l  current  

The opera- 

Only m i n h  adjustments were required i n  the main power supply 

A machine shop was i n s t a l l e d  in Building 820 t o  f h r n i s h  the  neces- 
sa ry  fabr ica t ion  support fo r  construction, i n s t a l l a t i o n  and operation of 
the  cyclotron and. i t s  varied components. 
there  a t  a l l  times, but on a ro t a t ing  bas i s .  

One t r a ined  mechanic was assigned 
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CYCLOTRON mOJECT STAFF - Pictured i n  f ront  of the 70” NRDL cyclotron 
now under construction i s  the staff behind the project .  D r .  W.E. Kreger, 
Head of the Cyclotron Project Office,is  seated second from right. Others 
are ( l e f t  t o  r igh t )  f ront  row: Miss R .  Smith, Secretary; D r .  H.A. Howe, 
Physics Design; Dr. D . J .  Horen, Physicist ;  D r .  Kreger; LCDR E.L.St.Ville, 
USN, Proj.  Liaison Officer. Second row: H. Merr i t t ,  Model Maker, K. 
Hofeling, Machinist; J. Ascorra, Model Maker; M. Brownell, Leadingman 
Model Maker; S .  W i l l i a m s ,  Elex. Tech.; J. Ricafort ,  Draftsman. Third 
row: L. Jenkins, Electr ic ian;  F. Watson, Elex. Tech.; J. H a l l ,  Elex. 
Tech.; 0. Fredriksson, Proj.  Eng. (W.M. Brobeck & Assoc.); J. Flynn,Mech. 
Eng.; F .  Lyles, Eng. Tecn. Fourth row: G .  Hibbs, E lec t r . ;  W .  Chinn, 
Elex. Tech.; J .  Deach, Elex. Tech.; W .  Mallet, Physicist .  Back row: R .  
L .  Anderson, Eng. Tech.; M.  L .  Tasem, Planner &Est imator .  Personnel 
not pictured: LTJG D .  Luck, USNR, Math.; L. Shaw, Physicist ;  J. Walters, 
Math. 



To attempt t o  recoup time losses due t o  fabr ica t ion  delays, the  
construction schedule f o r  the  NRDL cyclotron was considerably revised.  
A new PERT log ic  diagram was formulated t o  r e f l e c t  t h i s  rev is ion  and t o  
add non-MILCON a c t i v i t i e s .  
projected,  even though there  was a 2-month addi t ional  delay i n  the  f a b r i -  
cat ion of pole magnet t i p s ,  the  c r i t i c a l  path i tem.  Also, a longer magnet 
measurement a c t i v i t y  w a s  absorbed i n  the schedule t o  obtain needed in -  
formation regarding the  magnetic f i e l d  of the 70" magnet, including pole  
t i p s ,  ho l s t e r s  and h i l l  shims. 

A completion date  of 22 November 1966 was 

The magnet core ,  c o i l s  and power supply were t e s t ed  and shown t o  
be sa t i s f ac to ry .  The fo re  vacuum system was i n s t a l l e d  and t e s t ed  a s  
s a t i s f ac to ry .  Shielding f o r  t h e  neutron physics and sh ie ld ing  research 
cave and the charged p a r t i c l e  physics cave was v i r t u a l l y  completed. 
energy extract ion pee le r  and regenerator,  ex t rac t ion  i ron ,  ex t rac t ion  
c o i l  and yoke bending magnet design were e s sen t i a l ly  completed and f a b r i -  
ca t ion  s t a r t ed .  

Low 

Start-up per iod  began on 26 October. Four t a rge t  s t a t i o n s  are  
being developed: 
Approximately one year  w i l l  be required t o  br ing the beam up t o  f u l l  
power required by t h e  t echn ica l  program. 

two ins ide  the main cave and two externa l  physics a reas .  

AN% FACILITIES RELCCATED 

In 1951 the Laboratory acquired the old SFNS b r i g  and modified it 
i n t o  a laboratory l i n e d  w i t h  sound dampening mater ia l  t o  provide a con- 
s t a n t  environment i n  which could be studied t h e  changes of  psychological 
performance of i r r a d i a t e d  s m a l l  animals, spec i f i ca l ly  r a t s .  In 1953 a 
g m a  rad ia t ion  source was added. 
been sa t i s f ac to ry  because it was i n  an old concrete block bui lding d i f f i -  
c u l t  and expensive t o  maintain, ven t i l a t e  and hea t ,  as wel l  as being 
located in a barracks a rea  used by the  Shipyard. This  program was moved 
i n t o  the  former hot  c e l l ,  Building 364, which was renovated t o  provide a 
much more adequate work space f o r  the program, permitt ing b e t t e r  use of 
space available.  
located more conveniently t o  t h e  main Laboratory bui lding and is not  i n  
the  v i c i n i t y  of any SFNS quarters .  The new f a c i l i t y  provides a shielded 
area  with a zincbromide viewing window which had not been possible i n  the  
former building. 
t y  now can be expanded i n  i t s  log ica l  development t o  include s tudies  of  
i r r a d i a t e d  primates. 

This "laboratory" had never r e a l l y  

Added advantages over the former b r i g  are  t h a t  it i s  

The s c i e n t i f i c  program t o  be conducted i n  the new f a c i l i -  
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X-RAY EQUIPMENT 

Construction s t a r t e d  d i r e c t l y  e a s t  of Building 815 i n  1964 f o r  a 
sh ie ld  t o  house t h e  1 MeV X - r a y  machine. 
and the  X-ray machine was moved in .  

It was completed during 1965 

The Bio-Med Division obtained a surplus Westinghouse X - r a y  machine 
and it was i n s t a l l e d  i n  Room 597 of Building 815, i n  the same room as 
the  G.  E .  X-ray machine. 

NRDL’s o ld  computer seemed t o  be reaching the  “end of the l i n e ”  and 
was beset  by increasing operating d i f f i c u l t i e s  which r e su l t ed  i n  delays 
t o  a number of research problems. 

The computer operation was faced with t h e  problem of increasing 
demand because of  the more theo re t i ca l  and ana ly t i ca l  programs being 
undertaken. I n  t h i s  same period equipment f a i l u r e s  increased t o  the  
point  where over -a l l  computer lost- t ime was running approximately 4% 
w i t h  most of the f a i l u r e s  a t t r i bu ted  d i r e c t l y  t o  f a u l t y  tape dr ives .  I n  
s p i t e  of concerted e f f o r t  by Lab e lec t ronics  personnel and company engi- 
neers from all over the Bay Area there  was no noticeable  improvement i n  
performance. The equipment is so old that  it i s  very d i f f i c u l t  t o  obtain 
replacement tape u n i t s  or  t o  f ind  engineers who a r e  fami l ia r  with i t s  
maintenance. 

Th i s  computer record was c i t e d  t o  the Bureau as a fu r the r  indica- 
t i o n  of Mu)L’s urgent  need fo r  a new and therefore  more r e l i ab le  equip- 
ment. Heavy emphasis i n  current  programs i s  on applied mathematics, 
operations research and theory.  T h i s  work depends so heavi ly  on f a s t  and 
r e l i a b l e  machine computation t h a t  without it the  most capable inves t iga tors  
cannot operate e f f ec t ive ly .  In surveying recent  developments i n  the  com- 
puter  f i e l d ,  the Laboratory has been g r e a t l y  impressed by the capabi l i -  
t i e s ,  r e l a t i v e l y  low cost  and po ten t i a l ly  high r e l i a b i l i t y  and low msin- 
tenance of the newly developed systems. From a l l  indicat ions,  the ea r ly  
purchase of  such equipment can provide NRDL with increased computing 
capab i l i t y  s u f f i c i e n t  t o  s a t i s f y  the foreseeable demands of the longer- 
range programs. 

Impressed w i t h  the  poten t ia l  of cen t ra l ized  computers operated 
from a number of remote s t a t ions ,  e a r l y  i n  May 
a demonstration by a major concern on a time shar ing system i n  which a 
te le type  s t a t ion  i n  Sunnyvale i s  one of severa l  remote s t a t i o n s  connected 
t o  a computer i n  Phoenix, Arizona. 

Lab management observed 
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CAMP PARKS 

The NRDL f i e l d  f a c i l i t y  a t  Camp Parks, was the scene of consider- 
able a c t i v i t y  during t h e  year .  NRDL i s  now a t  Camp Parks on i t s  second 
5-year permit and has consolidated i t s  fltnctions in to  a contiguous area.  
The Office of Economic qpportunity, operating through i t s  contractor, 
L i t ton  Indus t r ies ,  s e t  up a t r a in ing  center  a t  the Camp and acquired 
c e r t a i n  Laboratory f a c i l i t i e s  fo r  t r a i n i n g  purposes including the t rana-  
por ta t ion  bui lding complex, the t a rge t  complex and the gymnasium p a r t  of 
the bui lding holding NRDL's large f a l l o u t  dispersers .  NRDL negotiated 
with Li t ton  t o  pay for relocat ing these f a c i l i t i e s  t o  a consolidated a rea  
i n  order t o  re lease  t h e  desired space. 
boundary fence for  its t r a in ing  center  area and act ivated over 60 bui ld-  
ings.  

Li t ton erected a chain l i n k  

On 30 June the  Sixth Army relinquished r e sqons ib i l i t y  for support 
of Camp Parks and a t  t h a t  time the r e spons ib i l i t y  was assumed by the 
D i s t r i c t  Engineer of  t h e  Army Corps of Engineers i n  Sacramento. 

A team of AEC s p e c i a l i s t s  made a b r i e f  inspection on 5 November of 
Parks and a s i t e  near Folsom, Ca l i f .  as possible  locat ions for  the world's  
biggest  atom-smasher. The team, headed by D r .  Szofford English, Assistant 
General Manager, AEC, i s  v i s i t i n g  a number of progosed s i t e s  throughout 
the United S ta t e s .  

The accelerator  has been recommended by the  White House, but has 
not y e t  been approved by Congress. 
near ly  $300 mill ion t o  bu i ld  and $56 mi l l ion  a year t o  operate.  

I n i t i a l  e s t ina t e s  have the  cos t  a t  

FDCZ RGSEARCH FACILITlES 

NRDL concluded arrangements with the  Pacif ic  Southwest Forest  and 
Range Experiment S ta t ion ,  U. S. Forest  Service, f o r  cooperative use of 
f i r e  research f a c i l i t i e s  a t  the  University of California F ie ld  S ta t ion  in  
Richmond, Cal i forn ia .  NRDL Fersonnel involved i n  DASA f i re  vu lne rab i l i t y  
s tud ies ,  by using these ex i s t ing  f a c i l i t i e s  on a courtesy bas i s ,  avoided 
delays and cos ts  a t tendant  upon Navy construct ion.  It is  expected a l s o  
t h a t  experience gained w i l l  be of grea t  value i n  the  possible l a t e r  de- 
s ign of permanent f i r e  research f a c i l i t i e s .  

L I W Y  EXPANDED 

Improvements i n  the  Library completed i n  October included addi- 
t i ons  t o  space and f a c i l i t i e s  plus s t r e d i n i n g  of the document co l lec-  
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t ion and changes i n  loca t ion .  
pected t o  be appreciably enhanced by t h e  addi t ion of two reading rooms 
and a microfiche microfilm reading f a c i l i t y  loca ted  i n  an area out  of the  
main stream of Library t r a f f i c .  
next t o  the l i t e r a t u r e  sources, w i l l  provide s c i e n t i s t s  making l i t e r a t u r e  
surveys f o r  technica l  report  preparat ion more e f f i c i e n t  loca les  than the 
improvised nooks i n  t h e i r  o f f i ce  or laboratory areas .  The rearrangement 
of documents involves the separat ion of the c l a s s i f i e d  from the unclassi-  
f i e d  technica l  r epor t s ,  and the  separat ion of repor t s  from books and 
reference material i n t o  separate  sec t ions  of the Library. 
i z e  long-range savings i n  vaul t  space, a s s i s t  Library users  by c l ea re r  
i d e n t i t y  of the l o c a t i o n  of repor t s ,  a s  opposed t o  books, and w i l l p r o -  
vide an a s s i s t  t o  operations e f f i c i ency  of the Library staff. 

Service to  the Science Department i s  ex- 

These quiet and convenient f a c i l i t i e s ,  

This will r ea l -  

“NIGHT WATCH” EQUIPMENT INSTALLTD 

“Night watchman” telephone equipment was i n s t a l l e d  t o  make it 
e a s i e r  fo r  personnel working af ter-hours  t o  receive cal ls .  
c a l l s  go t o  the Guard S ta t ion .  
gives him a code number. 
d i a l s  the code number from any NRDL phone and i s  automatically connected 
t o  t h e  outside l i n e .  

MI-8-6900 
The guard contacts  a ca l l ed  par ty  and 

After insuring a d i a l  tone, the  ca l led  par ty  
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CHAPTER I1 -- TECHNICAL PROGRESS AND ACCOMPLISHMENTS 

Technical progress and accomplishments a t  NRDL during 1965 are  
reviewed i n  t h i s  chapter as i n  t h e  1964 History on a cross-sect ional  
bas i s .  Beginning with o v e r a l l  m i l i t a r y  applications s tud ies  r e f l ec t ing  
research conducted by the  var ious S c i e n t i f i c  Department Divisions, t h i s  
Chapter a l so  covers highl ights  of research i n  various other  d i sc ip l ines  
including nuclear physics, radio-chemistry, e lec t ronics ,  engineering and 
biology-medicine. 

PXOTECTION AGAINST NUCLEAR WEAeoNs AND RADIATION 

Thermal Radiation Predictions fo r  Naval Shipyards 

As par t  of t h e  Target Vulnerabi l i ty  Studies applicable t o  naval 
shipyards, a method was designed t o  make an approximate prediction of the 
damage t o  shipyards from thermal r ad ia t ion  and subsequent f i r e .  A re- 
search project  contracted t o  United Research Services Corporation, 
yielded a method designed to  approximately predict  the damage t o  naval 
shipyards from the thermal r ad ia t ion  and subsequent f i r e  ign i t ion  and 
spread; provide preliminary procedures and data required f o r  these pro- 
cedures, as well a s  da ta  s p e c i f i c a l l y  applicable t o  the Pearl  Xarbor 
Naval Shipyard. Fire-spread through the  shipyard from the d i r e c t l y  ig-  
ni ted s t ruc tures  i s  considered and spec i f ic  procedures are  given f o r  e s t i -  
mating the extent of t h i s  spread. 

NBC Defense B i l l  f o r  USS THOMAS - 'STOPS' Project 

NRDL's STOPS Task Group prepared a N/W, B/W and C/W defense b i l l  
fo r  the USS Herbert Thomas, DD-883,  f o r  use during the operational t e s t s  
of the  STOPS (Shipboard Toxicological Protective System). 
mental i n s t a l l a t i o n  aboard t h i s  s h i p  is designed t o  furnish a FRAM 1 
destroyer the addi t ional  capab i l i t y  of operating i n  a tox ic  ( h 4 )  environ- 
ment fo r  extended periods of time. Revision of cer ta in  b i l l s  and ins t ruc-  
t ions i n  the  sh ip ' s  organization and b a t t l e  control  manuals was e s s e n t i a l  
i n  order for  the sh ip  t o  take full advantage of the STOPS capabi l i ty .  

The experi- 
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The Laboratory a l so  compiled and submitted a l i s t  specifying the 
modifications made t o  the THOMAS during i t s  FRAM-1 conversion which i n -  
volved i n s t a l l a t i o n  of the  STOPS. The modifications were described i n  
such a way as t o  acquaint personnel a l ready fami l ia r  with more conven- 
t i o n a l  FRAM-1 destroyers  with the  involved fea tures  of the  THOMAS, p a r t i -  
cu la r ly  areas i n  which d i f fe rences  i n  shipboard equipment require  changes 
i n  operating procedures. 
personnel such a s  those of the FTG who w i l l  be required t o  provide t r a i n -  
ing and assess the performance of the sh ip  and i t s  crew. 

This information i s  expected t o  be u s e m 1  t o  

Nuclear Warfare Doctrine Enhanced 

Nuclear warfare doctr ine was enhanced by fallout-models and pre- 
( I n  recogni- d ic t ions  made by Ian 0. Euebsch, a mathematician a t  NRDL. 

t i on  of these contr ibut ions,  a Gold Medal for  S c i e n t i f i c  Achievement was 
presented t o  Mr. Huebsch on 27 May 1965 a t  the Laboratory's fourth annual 
Gold/Silver Awards ceremony by t h e  Acting S c i e n t i f i c  Director ,  D r .  E .  R.  
Tompkins. (See page 47 ) . U n t i l  Mr. Huebsch created h i s  o r i g i n a l  
development, applying hydrodynamic and thermodynamic theory t o  cloud use 
and expansion, no fallout m c d e l  was avai lable  f o r  water-surface nuclear 
explosion burs t s .  Heretofore, f a l l o u t  predict ions f o r  water-surface- 
bu r s t s  have e s s e n t i a l l y  used land-surface-burst f a l l o u t  models, y e t  l m d -  
surface and sea-water-surface nuclear explosions produce d i f f e ren t  kinds 
of f a l l o u t .  Precise  ca lcu la t ions  of t r a n s i t  dose and dose r a t e s  can now 
be made because of M r .  Euebsch's perceptive extensions of models approxi- 
mating base-surge phenomena. 

Weapon Ef fec t s  Damage-Casualty Estimating 

C r i t e r i a  f o r  estimating s t r u c t u r a l  damage and personnel Casualt ies 
from t h e  immediate e f f e c t s  of a single-surface or above-surface burs t  of 
a nuclear weapon i n  the  1-1000 MT range have been developed i n  a NRDL 
study completed i n  July. 
ground shock, thermal r ad ia t ion  and i n i t i a l  nuclear-radiat ion.  The non- 
immediate e f f e c t ,  namely, f a l l o u t  nuclear rad ia t ion ,  is a lso  included. 
In connection with a i r  b l a s t ,  t h e  concept of "damage-equivalent peak over- 
pressure" is introduced, defined and used. A new treatment of the problem 
of the atmospheric transmission of  thermal rad ia t ion  i s  given and the 
questions of overlap of i n i t i a l - r a d i a t i o n  f a t a l i t i e s  with b l a s t  and 
thermal e f f e c t s  f a t a l i t i e s  and of overlap of thermal-effects f a t a l i t i e s  
with b l a s t  f a t a l i t i e s  plus corresponding questions of overlap of non- 
f a t a l  c a sua l t i e s  are  considered. General objectives of the  pro jec t  are 
the development of means f o r  def ining more c l ea r ly  short  and long-term 
b io logica l  and environmental consequences of nuclear warfare together 
with rapid quant i ta t ive  est imat ing of these consequences. 

E f fec t s  taken in to  account include a i r  b l a s t ,  
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Weapons Burst Analysis 

The second i n  a s e r i e s  of compilations and analysis of i n i t i a l  
gamma data from nuclear weapon bur s t s  a t  varying heights  was completed. 
This study for  BUSHIPS presented a compilation of initial gamma f r e e - f i e l d  
film badge data  from sur face- in te rsec t ing  burs t s  and a preliminary empiri- 
c a l  analysis of these da ta .  A surface- intersect ing bu r s t  i s  defined as 
a burs t  above the surface but  a t  a height  l e s s  than one f i r e b a l l  radius  
o r  193w0.35, where W i s  expressed i n  1cp and the radius  i s  i n  f e e t .  
were avai lable  from Operations SANDSTONE, TUMBLER-SNAPPER, IVY, UFSHOT- 
KNOTHOLE, TEAPOT, and PLUMBBOB. 

Data 

Primary Nuclear Weapon Ign i t ion  Ranges 

NRDL thermal r ad ia t ion  s p e c i a l i s t s  assembled the current ly  bes t  
avai lable  information pe r t inen t  t o  the  thermal-effects capabi l i ty  of 
nuclear weapons i n  a form which w i l l  permit t he  rapid and convenient pre- 
d ic t ion  of the extent  of primary ign i t ions  i n  urban, r u r a l  and forested 
areas following the  detonation of a nuclear weapon fo r  a var ie ty  of a t -  
mospheric and environmental condi t ions.  Finding t h a t  the problem lends 
i t s e l f  well  t o  machine computation, a preliminary computer program was 
devised which ca l cu la t e s  rad ian t  exposure contours and ranges of primary 
ign i t ions  i n  a v a r i e t y  of kindl ing f u e l s  for  a very broad range of weapon 
y ie lds  and environmental condi t ions.  

S t a t e  of the Art i n  F i r e  Research 

The Office of C i v i l  Defense sponsored a study of the s t a t e  of the  
art i n  f i re  research i n  general  and of research e f fo r t s  i n  the  nuclear 
weapon e f f e c t s  thermal and f i r e  problem i n  pa r t i cu la r .  
mation w a s  compiled on f i r e  research e f f o r t s  i n  the United S ta tes  and e l se -  
where, pa r t i cu la r ly  i n  Japan and the United Kingdom. 
of f i r e  research e f f o r t s  sponsored by t h e  CCD to the  solut ion of the 
nuclear weapon e f f e c t s  thermal and f i r e  problems were evaluated and r ecm-  
mendations made having t o  do with organization aspects of f i r e  research 
e f f o r t s  i n  the USA. 

Background infor -  

The contributions 

Water-Surface-Burst Fal lout  Evaluation 

Development of " f i r s t  order" procedures f o r  umpiring e f f ec t s  on 
naval ships of f a l l o u t  from one or several water-surface nuclear bu r s t s  
were announced during the year.  Also completed was a procedure f o r  evalu- 
a t ing  resu l t ing  hazard t o  an a i r c r a f t  c a r r i e r  and t o  i t s  screenships, 
assuming washdown, deep-shelter and manual decontamination countermeasures 
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can be implemented. 
t i v e s  among ships  crews and f o r  comparison 
surface bu r s t s  f o r  shor t  dis tances  from ground zero involves reference t o  
fallout-dose predict ions by the  NRDL D-model and t o  t a b l e s  of rad io logica l -  
countermeasure effect iveness  and rad ia t ion  transmission for  various sh ip  
types.  

Use of the  procedure f o r  estimating combat inef fec-  
of water-surface vs land- 

Times of Arr ival  vs.  Cessation of Fal lout  

Fa l lou t  a r r i v a l  and cessat ion times a t  points  on the ground have 
been determined and r e l a t ed  by s t a r t i n g  with t h e  concept of a cy l ind r i ca l  
radioactive-cloud source model. For any f a l l o u t  predict ion system tha t  
i s  t o  be used i n  nuclear-attack vu lne rab i l i t y  s tudies ,  the r e s u l t s  show 
t h a t  a minimum of two ef fec t ive  f a l l o u t  winds axe needed i f  the  dynamics 
of f a l l o u t  a r r i v a l  and the  d i s t r i b u t i o n  of pa r t i c l e - s i zes  on the  ground 
are  t o  be adequately reproduced. 

SNAP (System f o r  Nuclear A u x i l i a r y  Power) Program 

NRDL was assigned technica l  management r e spons ib i l i t y  f o r  AEC's 
program concerned with radiological  s a fe ty  i n  the  use of  SNAP sources. 
Part  of t h i s  program consisted of laboratory corrosion s tudies  of f u e l  
sources and f u e l  encapsulants. It was planned t o  extend the Laboratory 
corrosion inves t iga t ions  t o  include s tudies  i n  an ac tua l  ocean environ- 
ment and a s  p a r t  of an e f f o r t  t o  loca te  an appropriate ocean s i t e  fo r  the 
extended s tud ie s ,  a v i s i t  was made t o  San Clemente Island on 25 October. 
Available loca t ions  were inspected and discussions r e l a t i v e  t o  f i e l d  sup- 
port  were held with mi l i t a ry  and c i v i l i a n  personnel on the  i s land .  Fre- 
l i m i n a r y  estimates on the  cos t s  involved i n  mooring a surface platform 
for  the work and i n  providing power t o  the platform were obtained from 
Public Works personnel. 

Tracing Plutonium i n  Seawater 

Accidents which would expose the  plutonium f u e l  used i n  SNAP gener- 
a to r s  t o  seawater could occur i n  deployment of these generators.  The 
rad io logica l  hazard which would e x i s t  following such accidents could de- 
pend on the d isso lu t ion  behavior of the  exposed radionuclide f u e l .  NRDL 
s c i e n t i s t s  came up with a rapid and accurate method f o r  determining t race  
quan t i t i e s  of the plutonium i n  seawater a f t e r  the evaluation of a l l  per- 
t i n e n t  parameters. 
t i e s  without any chemical separat ion.  

The method is capable of determining the  t r ace  quanti-  
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Radiation Exposure C r i t e r i a  for Nuclear Rockets 

I n  the ana lys i s  of the p o t e n t i a l  hazards frm radioactive debr i s  
r e s u l t i n g  from acc identa l  o r  opera t iona l  fragmentation of nuclear r eac to r s  
used i n  rocket propulsion, a need e x i s t s  f o r  the  presentation of estab- 
l i shed  dose c r i t e r i a  a s  well  a s  fo r  discussions and summaries of the  ex- 
pected e f f e c t s  of be t a  nnd gamma rad ia t ion  from small d i sc re t e  p a r t i c l e  
sources and l a rge  gamma-emitting sources.  F i r s t  phase was completed of 
a search f o r  such presentat ions and surmnaries and NKDL inves t iga tors  de- 
vised t ab le s  of var iously establ ished rad ia t ion  dose c r i t e r i a  of impor- 
tance t o  the  sa fe ty  evaluations of  nuclear propulsion rocket f l i g h t s .  
Brief summaries have also been spot l igh ted  of experiences involving skin 
burns from X rays,  cathode rays and be ta  rad ia t ion .  A discussion of the  
lung pathology due t o  deposited radioact ive mater ia l  was developed and a 
surmnary presented of rad ia t ion  e f f e c t s  a s  they apply t o  analysis of 
e f f e c t s  of exposure of the gas t ro - in t e s t ina l  t r a c t  t o  insoluble be ta  
emi t te rs .  

Decomposition of Rocket Fuel 

Tests were made t o  determine whether it i s  possible t o  suppress 
the generation of non-condensable gases when monomethylhydrazine (MMH) 
rocket f u e l  i s  subjected t o  ionizing rad ia t ion ,  since gas generated i n  
rocket f u e l  tanks by s o l a r  cosmic, Van Allen, and nuclear rocket radia-  
t i ons  might develop excessive pressure and require  venting. 
found t h a t  MMH produces more than twice i t s  volume of gas (measured a t  
Z5OC and 1 a t m . )  cons is t ing  of hydrogen, nitrogen and methane when i r r a d i -  
ated t o  near ly  lo7 rads w i t h  gamma rays. 

It has been 

Contamination from Non-Nuclear Destruct 

The rad io logica l  environments which may r e s u l t  from the non-nuclear 
destruct ion of Nike-Zeus nuclear warheads a t  a spec i f ic  locat ion were 
predicted i n  laboratory s tudies .  
study fo r  the launching of a nuclear-armed Nike-Zeus missile t o  l imi t  the 
extent  of plutonium contamination from a warhead destruct  and a plan was 
developed for  the rad io logica l  reclamation of areas and f a c i l i t i e s  con- 
taminated wi th  plutonium. 

Wind c r i t e r i a  are recommended i n  t h i s  

Population Charac te r i s t ics  f o r  Nuclear Attack Si tuat ion 

I n  an AEC-sponsored p ro jec t ,  wrapped up during April,  a data card 
f i l e  was constructed of selected population cha rac t e r i s t i c s  fo r  the 
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9.4 mil l ion res idents  of t en  Southern Cal i forn ia  counties.  
were prepared for  s tud ies  of long-range recovery from nuclear a t tack .  
the  case of such an at tack,  estimated casual ty  and damage are  general ly  
known for  populations and places  as a function of time a f t e r  a t t ack  and 
dis tance from the bu r s t  po in t .  This f i l e  can be used t o  help determine 
the  locat ion and cha rac t e r i s t i c s  of t h e  population remaining a f t e r  any 
catastrophe e f f e c t s  of which are known as  a function of time and dis tance 
and whose in te rac t ions  with such environmental f ac to r s  a s  s t ruc tu re  type, 
s t ruc ture  vulnerabi l i ty  t o  b l a s t  o r  f i re ,  weather conditions, e t c .  could 
be assumed. 

These da t a  
In 

I n  addition t o  and supplementing the above study, one of the most 
comprehensive s tudies  of i t s  kind yet made by Laboratory operations re- 
search s p e c i a l i s t s  was completed on t h e  subject  of demographic response 
t o  nuclear a t tack  i n  the S t a t e  of  Cal i fornia .  In t h i s  study an analysis  
was made of the response t o  nuclear a t t ack  w i t h  high y i e l d  weapons against  
selected aiming poin ts  i n  Southern Cal i forn ia ,  u t i l i z i n g  a methodology 
developed a t  NRDL. 
NRDL "D" Model and the Rand Quickcount Model, when u t i l i z e d  as sub-routines 
of the  general  methodology, t o  show the  s e n s i t i v i t y  of t a r g e t  response 
t o  the type of f a l l o u t  modelused. Some sociological  aspects of the  demo- 
graphic response i n  Santa Barbara County were presented, such a s  changes 
in population d i s t r ibu t ion  by age, sex and occupation a s  a r e s u l t  of an 
at tack.  

Comparison was made of f a l lou t  calculat ions with the 

Fal lout  Shel ter  Study Wind-up 

I n  a concluding f a l l o u t  s h e l t e r  study f o r  CCD on the problem of 
f a l l o u t  car r ied  in to  she l t e r s  v i a  ven t i l a t ion  systems, experimental r e -  
sults did not check out tou c lose ly  with several  p re - t e s t  assumptions. 
For instance, while it was assumed t h a t  f a l l o u t  p a r t i c l e s  penetrat ing the 
ven t i l a t ion  intakes would be 2eposited i n  the s h e l t e r  l i v i n g  area,  ex- 
perimental evidence indicated t h a t  a s  l i t t l e  as 5 6  of the penetrat ing 
f a l l o u t  may reach the l i v ing  area with t h e  remainder being deposited on 
t h e  s teps  and landing of the entrance.  Maximum estimated ingress  dose 
was 11.8r a t  167 miles downwind from a 100 t o  100,000 KT detonation. A 
r e l a t i o n  between mass per u n i t  area deposited outside the  s h e l t e r  and the 
mass penetrating the ven t i l a t ion  in takes  was determined as a function of 
p a r t i c l e  s ize .  Also, p a r t i c l e  pene t ra t ion  by t h e  l a r g e s t  s i z e  range 
(500 t o  700 CI ) appeared t o  be due p r inc ipa l ly  t o  "bounce-in" r a the r  than 
entrainment by the air stream. 
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RAD Recovery Manual 

A t  the  request of t h e  U.  S. Army Engineering School a t  F t .  Belvoir, 
NRDL submitted a review of the  d r a f t  of the proposed TM 5-22?: 
l o g i c a l  and Disaster  Recovery of Fixed Mi l i ta ry  Ins t a l l a t ions . "  Fr incipal  
observation and comment from the Laboratory was theapparentCiv i1  Defense 
o r i en ta t ion  of the manual vs .  an o r i en ta t ion  toward the  assigned post-  
a t tack  mission of a m i l i t a r y  i n s t a l l a t i o n .  As previously reported t o  the 
Army Engineer School, NRDL, under Bureau of Yards and Docks' support, 
undertook preparation of another ve r s ion  of t h e  manual. 

"Radio- 

FlEUJ OPERATIONS 

NRDL a t  CHASE I11 

NRDL par t ic ipa ted  i n  the  j o i n t  ONR-BUWEPS CHASE I11 experiment 
b u i l t  around the s c u t t l i n g  of a 300-foot hulk loaded w i t h  TOO tons of 
over-age ordnance, and the  detonation of t h a t  ordnance 1000 f t .  below the 
surface i n  5000 ft.  of water off  of Cape Charles, Va. Laboratory p a r t i -  
c ipa t ion  consisted of minimal surface photography and flyovers of the 
water pool created by the  b l a s t  w i t h  a i rborneinfrared scanning equipment. 
Inf ra red  gear, a i r c r a f t ,  crew and technica l  ass is tance were furnished by 
NADC, Johnsvi l le .  Preliminary r e s u l t s  indicated t h i s  t o  have been an 
excel lent  opportunity for t h e  gathering of seismic data  and other techni- 
c a l  information regarding deep underwater explosions. 

Costa Rica Research Team 

A research team from NRDL was i n  the  f i e l d  near San Jose,  Costa 
The Costa Rica j o i n t  NRDL-SRI pro jec t  involved addi t iona l  s tudies  Rica. 

of f a l l o u t  f r o m t h e  volcano, I razu,  which appeared t o  be peter ing out 
a f te r  having erupted over a period of over a year .  
the  na tu ra l  a r r i v a l  and deposit ion of  the  volcanic ' f a l l o u t '  p a r t i c l e s ,  
t h e  re ten t ion  of p a r t i c l e s  by individuals  i n  the open, the ingress of 
p a r t i c l e s  i n  the bui ldings as a funct ion of meteorological conditions,  
t h e  effect iveness  of removal of f a l l o u t  by organized cleaning operations,  
and the  mass t ransportat ion of f a l l o u t  i n  rough gu t t e r  storm drains  and 
sewers by run-off waters. 

NRDL i n t e r e s t s  covered 
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'SILVER LANCE' Pa r t i c ipa t ion  

A number of NRDLers par t ic ipa ted  i n  t h i s  major f l e e t  exercise  held 
between 23 February and 1 2  March and involving more than 80 ships and 
70,OOO Navy-Marine Corps personnel of the  U. S. Pacific F lee t .  Three 
NRDLers served a s  o f f i c i a l  observer-umpires aboard the c a r r i e r  Midway and 
the Radiological Health Officer served a s  medical doctor for  t h e  Marine 
Force during t h e  exerc ise  conducted a t  sea off Southern Cal i fornia .  

Barge for Ocean Studies  

Since l a t e  1964 t h e  Environmental Radioactivity Program has been 
involved i n  two s t u d i e s  to flirther evaluate the d i s t r ibu t ion  of radio- 

working i n  t h e  marine environment, ce r t a in  capab i l i t i e s  have evolved 
which, although spec i f i ca l ly  planned fo r  the present program, are  poten t i -  
aUy u s e m  f o r  fu ture  oceanographic research. 

f activity and dissolved gases i n  the  North Pacific Ocean. As a r e s u l t  of 

A 110 by 34 foot  YFN(seenext page)has been adapted t o  serve as a 
sampling platform on which equipment and l i v ing  quar te rs  are  permanently 
located.  This barge i s  assigned to  NRDL and i ts  use is l imi ted  only by 
tug a v a i l a b i l i t y  and weather. With su f f i c i en t  notice,  tug a v a i l a b i l i t y  
i s  no problem. For t h e  two barge t r i p s  so far completed, the USS Cahokia 
has been avai lable  through arrangements made with 12ND t o  hold the barge 
a t  sampling s i t e  1 5  miles west of the Farallon Islands.  
conditions imposed a l imi t a t ion  t o  sampling, the 'shakedown' c ru ise  t e s t ed  
the seaworthiness of the  barge and indicated t h a t  it can remain on s t a t i o n  
i n  f a i r l y  severe weather. F i f teen  foot  waves, accompanied by 50 t o  60 
knot winds, were encountered, yet no damage t o  equipment or vessel  resu l ted .  
During the second cru ise ,  the  mixed layer was successful ly  sampled and 
continuous operations proved possible i n  a sea s t a t e  as high as 4. 
sea water and dissolved gases were s tored and returned t o  the Laboratory. 

Although sea 

Both 

T h i s  system, with and without modifications, suggests p o s s i b i l i t i e s  
for  fur ther  oceanographic research, espec ia l ly  chemical and b io logica l .  
The exis t ing hose length w i l l  reach t o  the  average depth of  the oxygen 
m i n h  zone, which includes the  mixed layer  and much of the thermocline. 
Any l eve l  may be sampled i n  a s  great  a volume as  desired for both chemi- 
c a l  const i tuents  and microbiological content.  The deck area forward of 
t'ne hose r e e l  can be  used fo r  any special ized equipment required for  the  
par t icu lar  operation. Other equipment mounted on the barge includes a 
bathythermograph winch, which provides a temperature p r o f i l e  t o  900 f ee t ,  
a crane capable of placing buoys and unmanned sampling platforms, a power 
supply plant  consis t ing of a 75 kw and a 60 kw generator, and a portable 
oceanographic u n i t .  A standard hydrographic winch, l i v i n g  quar te rs  f o r  
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e ight  providing s leeping and mess a reas ,  a gal ley,  shower and t o i l e t ,  and 
a small workshop are  a l so  provided. The portable oceanographic sampling 
u n i t  cons is t s  of an aluminum radar shack converted i n t o  a combination wet 
and dry laboratory and a readout system fo r  the pressure transducer and 
thermistor is mounted i n  the radar  shack, a s  wel l  a s  a two-way rad io  f o r  
communication with the tug and NRDL. 

SAILOR HAT Weapons Test I n s t m e n t a t i o n  Check Out  

Two members of the research s t a f f  of NRDL par t ic ipa ted  i n  the 
SAILOR HAT high-explosive underwater shock t e s t s  conducted by t h e  Defense 
Atomic Support Agency off Kahoolawe i n  t h e  Hawaiian Islands during l a t e  
March and e a r l y  April .  The NRDL pa r t i c ipa t ion  i n  t h i s  event w a s  fo r  the  
purpose of t e s t i n g  the performance of  a prototype f loa t ing  instrument 
platform designed f o r  use i n  the  co l l ec t ion  of information on nuclear 
rad ia t ion  f i e l d s  ana fo r  sampling of " fa l lou t"  from underwater nuclear 
detonations. The t e s t  provided valuable infomat ion  f o r  use i n  bringing 
equipment designs t o  a readiness- to- tes t  s t a tus .  

Cold Weather Washdown Tests 

Results of the  cold weather t e s t s  conducted by Mu)L inves t iga tors  
of a ship washdown system aboard the  USS PONER (DD 839) a t  U. S. Naval 
S ta t ion ,  Argentia, Newfoundland, t a l l i e d  as follows: Three 20-minute 
washdown t e s t s  were conducted a t  dockside dxring ambient temperatures of 
28,25 and 10°F. t e s t s  was l imi ted  pr imari ly  
t o  r a i l s ,  l i n e s  and other f ix tu re s  away from the heated decks and bulk- 
heads. 
ing on bulkheads and about 1/2 t o  1 inches of s lush i ce  forming on most 
exposed decks. The water-slush-ice mixture could be e a s i l y  swept over- 
board immediately a f t e r  securing the  washdown but refroze in to  so l id  
patches i f  allowed t o  remain long on decks. 
wind during loo t e s t ,  50 t o  60° off  bow during o thers )  caused many la rge  
bulkhead areas of the ship t o  f a i l  t o  be covered by the washdown spray. 
A g rea te r  number of tests had been planned but could not be pun due t o  
insuf f ic ien t  cold weather a t  Argentia and use of the sh ip  being on a non- 
interference bas i s  with another research project .  These t e s t s  indicated 
t h a t  operation of a washdown system may be feas ib le  a t  temperatures a s  
low as  109. 

Ic ing during the 28 and 25 

Icing during the  loo t e s t  was more severe with small amounts form- 

Twenty knot winds (cross- 

Pnysiological Program for  SEALAB I1 

One of the four SEALAB I1 physiological programs was conducted by 

-20- 

389 



NRDL’s Dr. R. W. Brauer, Bio-Med Divis ion.  He was concerned with red  
blood c e l l  formation of  the men who l i v e d  fo r  a period of two weeks a t  
a depth of 210 f e e t  beneath the  sea  o f f  the La Jolla, C a l i f o r n i a ,  coas t .  
Assisted by D r .  H. S. Winchell of DoMer Laboratory, D r .  Brauer adminis- 
t e red  radioact ive i ron  (Fe59) t o  four  of the SEALAB I1 par t ic ipants  p r io r  
t o  t h e i r  descent, and determined the  r a t e s  of disappearance of t h e  i ron .  
During the ac tua l  SEALAB I1 t e s t ,  D r .  Brauer depended upon the  physician- 
in-charge t o  repeat  the same t e s t .  

Froject ARKOSE Aerial  Survey 

Under NRDL technica l  management, e a r l y  i n  September a team composed 
of personnel from NRDL, NAS, Miramar, and ITEK Corporation s u c c e s s ~ l l y  
conducted an operat ional  a e r i a l  on-si te  inspection a s  p a r t  of a continu- 
ing ARPA research p ro jec t .  An inspect ion zone near Blanding, Utah, was 
used on the Project  ARKOSE Operation as pa r t  of a f i e l d  evaluation pro- 
gram of on-si te  inspection using an in tegra ted  team concept. T h i s  con- 
cept s t resses  the appl icat ion of combined a i r  and ground search procedures 
t o  the on-si te  inspection (detect ion of underground nuclear explosions) 
proolem . 

Mono Lake Test Burn Observation 

The Laboratory d id  not ac t ive ly  pa r t i c ipa t e ,  but did have two ob- 
servers  aboard for Operation FLAMBEAU, a major tesz  burn, thermal e f f e c t s  
research pro jec t  conducted i n  the  v i c i n i t y  of Mono Lake, Cal i fornia .  The 
NRDL s c i e n t i s t s  reported t h a t  it appeared t h a t  f i nanc ia l ,  programmatic, 
and weather circumstances d i c t a t i n g  the  timing of t h e  event probably ac- 
counted for  such problems as i n s u f f i c i e n t  instrumentation i n  some areas 
and o v e r - i n s t w e n t a t i o n  (e .g .  gas sampling) i n  o thers .  It was surmised 
t h a t  much valuable information, espec ia l ly  on the  impressive f i r e  whorl 
and the noxious gas problems, could be obtained a t  nominal cos t ,  i f  NRDL 
researchers pa r t i c ipa t e  more ac t ive ly  i n  t h e  next t e s t  burn i n  February. 

Drone Boat Instrumentation f o r  Ear ly  Time Invest igat ion 

An instmment t h a t  can be dropped from a drone boat has been de- 
veloped which records information on f i s s i o n  product gamma radiat ion and 
measures depth of a radioact ive waterpool. The t o t a l  system incorporates 
low cost  recorders and standard Geiger-Mueller tubes t o  provide a s e l f -  
contained instrument which can be dropped i n t o  a contaminated pool and 
recovered a t  some l a t e r  time. 
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Space Nuclear Power Plant Studies 

Two planned des t ruc t  t e s t s  of nuclear power p l an t s  f o r  space pro- 
pulsion offered sources of  r e a l i s t i c  debris  p a r t i c l e s  f o r  study i n  con- 
nection w i t h  NXDL nuclear accident s tud ies  f o r  the  Space Nuclear Propul- 
s ion  Off ice .  The f irst  of these t e s t s ,  designated KIWI-TNT, was ca r r i ed  
out a t  the  Nevada Test S t a t ion  i n  January; the  second, A E - 3 ,  was con- 
ducted a t  the Aberdeen Proving Grounds i n  June. 
t e s t ,  KIWI-TNT, NRDL inves t iga tors  obtained samples of  debris  f o r  the 
s tudy of  physical  cha rac t e r i s t i c s  which are important i n  connection with 
hazard evaluations.  A t  the  Apc-3 destruct ion of a reac tor  mock-up by 
high explosives,  a NRDL team par t ic ipa ted  to  place a n  array of sample 
co l l ec to r s  i n  the  " f a l lou t "  zone. This  co l lec t ion  provided s i z e  and d i s -  
t r i b u t i o n  data  as wel l  as a good s e t  of samples for  physical  ana lys i s .  
Samples of debris  were a l s o  obtained f o r  study from the PHOEBUS excursion 
which occurred a t  the Nevada Test S ta t ion  i n  June. 

From the nuclear des t ruc t  

Oceanic Sampling 

I n  another of severa l  valuable a s s i s t s  given the  NRDL s tudies  of 
r a d i o a c t i v i t y  i n  the  oceans, the U. S. Coast Guard provided an opportunity 
for t h e  co l lec t ion  of ocean water samples a t  a remote weather s t a t i o n  i n  
the Eastern Pac i f ic  Ocean. Through the cooperation of  the Coast Guard, 
an NRDL oceanographer went aboard the Coast Guard Cutter  Bering S t r a i t  
a t  Honolulu and remained aboard t o  c o l l e c t  a s e r i e s  of deep ocean water 
samples during the on-stat ion period a t  weather s t a t i o n  Victor .  
co l l ec t ion  was a highly successf i l  one, providing an excel lent  s e t  of 
samples f o r  analysis  and establ ishing a check point  a t  a loca t ion  which 
would otherwise have been inaccessible t o  the  Laboratory. 

The 

CHEMISTRY, RADIO-CHEMISTRY, AND NUCLEAR FRCCESSES 

Decontamination of Ships '  Painted Surfaces 

A close-out repor t  on s tudies  of the behavior of f i s s i o n  product 
elements i n  seawater f a l l o u t  on ship surfaces described work done using 
an ion ic-co l lo ida l  s h l a n t  . This  s inu lan t  was designed i n  accordance 
w i t h  the observations and measurements of f a l l o u t  from f i e l d  t e s t s  of 
nuclear detonations i n  seawater. It cons is t s  of i n e r t  f i s s i o n  product 
c a r r i e r  elements and a s ingle- t racer  isotope i n  na tu ra l  seawater con- 
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centrated t o  the sa tura t ion  point of NaC1.  
the  f irst  group of f i s s i o n  product elements invest igated.  Ease of r e -  
moval was studied as both a function of t h e i r  contamination parameters 
and decontamination parameters using f r e sh  water wash methods. It was 
found that La and Nb are harder to remove than Ba and Z r .  
complexing agents t o  f resh  water spray during decontamination can decrease 
r e s idua l  a c t i v i t y  by a s  much a s  a f a c t o r  of 10, i f  t h e i r  concentration is  
grea te r  than 0.2 weight-%. 
decontamination do not a id  removal of  these elements from painted surfaces .  
Also, removal is g r e a t l y  enhanced if t h e  f a l l o u t  d r i e s  quickly and re-  
mains dry on the painted surface. Spray time, temperature, and pressure 
(over the ranges invest igated)  have l i t t l e  e f f ec t  on the amount of re-  
moval. Appreciable differences i n  t h e  removal of La i n  th ree  separate 

. t e s t s  were caused by var ia t ion  i n  the t o t a l  simulant s a l t  concentration, 
pa r t i t i on ing  of the f i s s ion  product elements by the s a l t s  p rec ip i ta ted  
during simulant preparation, and t h e  atmospheric conditions during which 
the contaminant dr ied on the painted samples. 

Ba, La, Z r ,  and Nb comprise 

Also, adding 

Detergents added during f resh  water spray 

Rocket-Borne Radiation Sanplers 

A recapi tulat ion o r  summary ana lys i s  on an airborne nuclear radia-  
t i o n  i n t e n s i t y  measuring system, evolving from the  HYDRA I1 t e s t s  held 
off  San Clemente I s l e ,  was completed. A rocket-borne radiat ion t rans-  
ducer and telemetry system was developed f o r  m a k i n g  of  beta and gamma 
measurements with respect t o  time and loca t ion .  The system developed 
represents  a sa t i s f ac to ry  compromise between the f ac to r  of cost  and of 
design s implici ty  and operational dependabili ty.  For a spec i f ic  s e t  of 
operating conditions the ranges o r  even types of transducers can be 
pointed t o  suit  those conditions and the  same i s  true f o r  s i t e  nnd t a r g e t  
geometries d i f f e ren t  from those t e s t e d .  The f l i g h t  t e s t s  yielded s u f f i -  
c ien t  in fomat ion  t o  allow the ca lcu la t ion  of t r a j e c t o r i e s  fo r  the 
SPARROW I Sustainer and SPARROW I11 rocket motors, a s  well  as the HBFi 
which would extend the  range from t h e  present  9,000 f t .  t o  16,000 f t .  

Design C r i t e r i a  fo r  Roof Washdmn Systems 

Fina l  report  on a se r i e s  of t e s t s  designed t o  study the basic  
pr inc ip les  involved i n  t ransport  of p a r t i c u l a t e  matter by water fi lms 
was completed ea r ly  i n  the year.  T h i s  study covered the  re la t ionship  of 
slope t o  t ransport  on an i dea l  surface.  It was found t h a t  on a near- 
horizontal  surface no t ransport  occurs when the water flow ra t e  i s  in -  
su f f i c i en t  t o  produce turbulent flow. The s l i g h t e s t  slope causes p a r t i -  
c l e s  t o  be transported a t  low water flow r a t e s  i n  laminar flow. Surface 
waves which are  present a t  a l l  slopes under most flow conditions increase 
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t ranspor t  r a t e .  An empirical equation was developed f o r  the computa- 
t i o n  of the  t ransport  ve loc i ty  of both spher ica l  and i r r egu la r  shaped 
p a r t i c l e s ,  together w i t h  the maximum amount of p a r t i c u l a t e  matter t h a t  
can be transported.  

Radioactivity Release from Aero-Space Seactor Fuels 

Acciental seawater immersion of a NERVA reac tor  core could r e s u l t  
i n  a c r i t i c a l i t y  excursion, re leas ing  f i s s i o n  product radionuclides t o  
the environment. In order t o  simulate the  excursion s i tua t ion  and t o  
study the  r e su l t i ng  radionuclide r e l ease ,  NRDL chemists i r rad ia ted  speci- 
mens of NERVAjROVER f u e l  i n  a TRIGA r eac to r  operating i n  a pulsing mode 
t o  produce a high-flux, short  durat ion exposure. I n  the  f irst  phase of 
.a long-range, AEC sponsored pro jec t ,  w i t h  f u e l  i r r ad ia t ions  r e s t r i c t e d  
t o  a dry environment, measurements were completed of f i s s i o n  gas re lease,  
f i e 1  mater ia l  changes and maximum temperature, neutron f lux exposure, 
f u e l  f i s s ions  and reactor  neutronic c h a r a c t e r i s t i c s  and radiological  con- 
s idera t ions  of experimental manipulations. 
vide the foundation f o r  extending the  s i rmla t ion  t o  more severe and rea l -  
i s t i c  conditions. 

These measurements w i l l  pro- 

Reactor Beta Decay Hazards 

In order t o  permit an evaluation of the possible  hazard due to  
be t a  decay under various conditions of nuclear reac tor  operation and/or 
destruct ion,  the energy spectra  of t h e  var ious be ta  emi t te rs  were re-  
quired.  Computing from the Fermi theory using experimental and high 
energies and probabi l i t i es ,  NRDL inves t iga tors  prepared p l o t s  of the 
spec t ra  vs. energy. Presentations will follow on the  be t a  spectra due 
t o  mixture of f i s s ion  products a t  var ious times, Prom a few minutes t o  
many hours, a f t e r  f i s s ion .  

T r i t i u m  Adsorbtion Findings 

Another milestone was reached i n  understanding the  radiological  
hazards involved when tritium i s  re leased  i n  a confined area occupied or 
l a t e r  entered by personnel. Research on t o t a l  tritium a c t i v i t y  adsorbed 
on the  surface of various metals as  a function of exposure concentrations 
and exposure time revealed the  following: a t  a one-hour exposure i n  a 
t r i t i um-a i r  atmosphere the t o t a l  a c t i v i t y  of tritium adsorbed on surfaces 
of s t r u c t u r a l  s t e e l ,  galvanized s t e e l ,  b ra s s  and aluminum i s  l e s s  than 
10 uc/anz of surface up t o  an exposure concentration of 0.23mc Tdcm3.  
The tritium ac t iv i ty  adsorbed on carbon s t e e l  under these conditions was 
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much grea te r  than on the  other metals, apparently due t o  the texture  of 
t h e  surface of carbon s t e e l .  No s ign i f i can t  increase i n  the t o t a l t r i -  
tium a c t i v i t y  adsorbed was observed as  the exposure time was increased 
f r o m  15 min. up t o  4 hours, using a constant exposure concentration of 
0. iimc ~ ~ / ~ m 3 .  

Rapid Rare E a r t h  Determination 

A rapid procedure was devised f o r  the  quant i ta t ive  recovery of the  
individual  r a re  ea r th  elements and yttrium from a synthet ic  mixture of 
ca r r i e r - f r ee  yttrium, terbium, gadolinium, europium, samarium, promethium, 
neodymium, praseodymium, cerium and lanthanum radionuclides.  The separa- 

- t i ons  can be accomplished i n  14 hours by e lu t ion  from a Dowex 5OW-X4 
r e s in  column w i t h  -hydroxyisobutyrate solut ions a t  room temperature. 

High Temperature I sop ie s t i c  Technique 

A modification of the  i sop ie s t i c  method of determining chemical 
a c t i v i t i e s  i n  solutions was developed f o r  use with l i qu id  metal l ic  oxides 
at  high temperatures. This method was t e s t ed  by measuring the uptake of 
vaporized rubidium and molybdenum oxides by a number of simple oxides and 
binary oxide systems. The experimental r e s u l t s  were used t o  invest igate  
the  interact ions and the  formation of s t r u c t u r a l  groups among the  compo- 
nents  of l i qu id  oxide solut ions.  This modified method w a s  devised as  a 
p a r t i a l  solut ion t o  the pers i s ten t  experimental d i f f i c u l t i e s  of working 
with chemically reac t ive  substances and high temperature i n  oxidizing 
atmospheres. It can be used t o  obtain quant i ta t ive  thermodynamic data  
r e l a t i n g  t o  the react ions t o  the components i n  l i qu id  oxide systems a t  
temperatures i n  t h e  1000-1800 Co range. 

FUlse Height Distr ibut ion 

Investigation having to do with s c i n t i l l a t i o n  spectrometers dea l t  
with the  matter of pulse height d i s t r ibu t ion  as  an instrumental d i s tor -  
t i o n  of the g m a  ray s p e c t m  f o r  which it is a measure. By ca l ibra t ing  
the  detector  with radioactive sources of known strength and gama energy, 
a representation of t h i s  d i s to r t ion  m a y  be embodied i n  a detector re-  
sponse matrix. A s e r i e s  of computer programs was developed and presented 
which a ids  i n  forming t h i s  matrix and i n  using it t o  e f f e c t  a mathematical 
transformation from the  measured pulse height d i s t r ibu t ion  t o  the  desired 
gamma ray spectnun. 
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Analysis of Radionuclide Mixtures 

In a nuclear chemistry inves t iga t ion ,  a s h i f t  correction technique 
was devised i n  using computer methods f o r  the  ana lys i s  of radio-nuclide 
mixtures from gamma ray s c i n t i l l a t i o n  spectrometer da ta .  Evaluation 
study of use of the s h i f t  correct ion technique on known radio-nuclide 
mixtures showed t h a t  the method improves the prec is ion  of determination 
of the  const i tuents  of such mixtures. I n  addi t ion,  the  method provides 
the  bas i s  of a q u a l i t y  cont ro l  procedure by which it should be possible 
t o  reproduce exact conditions of measurement over months or y e a r s .  
reproducib i l i ty  would be of grea t  value i n  maintaining the v a l i d i t y  of 
ca l ibra t ion  data  co l lec t ion  which usua l ly  requi res  a la rge  mount of time 
and e f f o r t .  

Such 

Specif ic  Nuclei Predictions 

Chemistry invest igat ions yielded a new model o r  method for  pre- 
d i c t ing  the y ie lds  of spec i f ic  nuclei  from thermal neutron f i s s ion  y ie ld .  
Atomic number, weight, fragment exc i t a t ion  energies  and k ine t ic  energies 
are  predicted by the  model which has been found t o  give good agreement 
with experiment where data  are  ava i lab le  f o r  comparison. 

Indium Isotope Formation 

As p a r t  of an overa l l  look a t  t h e  d i s t r i b u t i o n  o f  nuclear charge 
i n  uranium f i s s i o n ,  information on formation of indium isotope (mass-l2l) 
was required.  
radiochemical separation method t o  confirm the  isotope formation. Evi- 
dence fo r  the  existence of precursors has bee found a l so .  

T h i s  has led  t o  development by NRDL chemists of a rapid 

Weather Influence on Sodium-Containing Aerosols Above Beaches 

I n  the course of calculat ing the hazard due t o  neutron-induced 
rad ioac t iv i ty  produced where nuclear a t t ack  occurs i n  coas ta l  areas,  it 
i s  necessary t o  determine the atmospheric content o f  sodium above sea- 
shores using a sampling method of sho r t  durat ion.  It is also necessary 
t o  apply t h i s  method to  the  study of wind and wave a c t i v i t y  i n  the pro- 
duction of aerosols and i n  terms of these  da ta  t o  determine the exchange- 
able sodium content of a beach i n  terms of  dis tance from high t i d e .  Lab 
inves t iga tors  have developed an instrument which s a t i s f i e s  the above con- 
d i t i o n s  and a l so  the r e s u l t s  of the  s tudy of wind, sea and multi-seismic 
act ion on the content of  sodium. 
sodium i n  a beach can be determined and f ac to r s  a re  suggested for  comput- 
ing the e f f e c t  of weather ingonthis  p r o f i l e .  

An average p r o f i l e  of exchangeable 
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Channirrrr Fa l lou t  S u e c t m  and Ground Roughness 

An examination of f a l l o u t  samples from several  pas t  f i e l d  opera- 
t i ons  ve r i f i ed  t h a t  the energy spectrum of the gamma ray  rad ia t ion  f ie ld  
varied due t o  the following: 
weapon mater ia l ,  loca t ion  and pos i t ion  of the weapon, weapon type, fall- 
out p a r t i c l e  s i z e  and decay of the f a l l o u t  f i e l d .  One sample was chosen 
and analyzed i n t o  i t s  component gamma rays over a period of 616 hours. 
The r e s u l t s  have been used i n  a calculat ion t o  f i n d  out how the e f f e c t -  
ive ground roughness would be expected t o  vary as the  energy spectrum 
varied.  It was concluded t h a t  the  e f f e c t  of multiplying the build-up 
f ac to r  and at tenuat ion together produced a constant t h a t  varied only 
s l i g h t l y  over the recorded time t h a t  the data were taken. 

neutron-induced a c t i v i t y  i n  the s o i l  and 

Gemma Radiation Charac te r i s t ics  of Desert Terrain Fal lout  F ie ld  

The problem of measuring the gamma radiat ion ex i s t ing  over the  
f a l l o u t  f i e l d  i n  rough dese r t  t e r r a i n  has been dea l t  with i n  a study 
o r ig ina l ly  based on experiments conducted i n  conjunction with the  DOMINIC 
I1 SUNBEAM t e s t  i n  Nevada. 
spectra  a s  a function of angle of incidence and included cha rac t e r i s t i c s  
of the f a l l o u t  f i e l d ,  comparisons with other  data  of a similar nature,  
and provision of spec t r a l  da t a  f o r  calculat ing dose penetration i n t o  com- 
partmented s t e e l  s t ruc tu res .  Pdlse-height measurements showed t h a t  there  
were only smal l  di f fe rences  i n  gamma ray i n t e n s i t i e s  from the d i f f e r e n t  
azimuthal d i r ec t ions .  
d i s t r ibu t ions  d i f f e red  by about 16 and the ver t ical-angle  pulse height  
d i s t r ibu t ions  var ied i n  an expected manner. These incident  angles from 
below the horizon gave several  photo peaks and those from above the  hor i -  
zon had only t h e  smooth, sca t te red  rad ia t ion  d i s t r ibu t ion .  Several  d i r e c t  
rad ia t ion  peak i n t e n s i t i e s  were p lo t t ed  vs .  v e r t i c a l  angle and compared 
w i t h  a ca lcu la t ion  of how an i n f i n i t e  plane source would be attenuated 
by a s e r i e s  of overlying, absorber, mean-free-path pa t te rns .  

Measurements were made of the gamma ray 

The mininun and m a x i m u  i n t ens i ty  pulse height  

F iss ion  Track Detection i n  F iss ion  Foi l jGlass  Combinations avoids most 
of the disadvantages of the conventional methods (nuclear t rack  evalua- 
t i ons  and ac t iva t ion  f o i l s )  f o r  in tegra t ing  neutron measurements. These 
systems are  in sens i t i ve  t o  gamma rad ia t ion ,  temperature, c l imat ic  and 
chemical disturbances,  a re  easy t o  evaluate,  have no d i r ec t iona l  depend- 
ence and have an extended dose and energy range plus superior accuracy. 
This improved method has  been invest igated,  using d i f f e ren t  dosimeter 
glasses ,  edging conditions,  f i s s ionable  mater ia ls  and neutron energies 
by the  thermal and 14  MeV. The f i s s i o n  t rack  detect ion e f f ic iency  has 
been found t o  be la, and the s e n s i t i v i t y  fo r  f iss ionable  metals t h i cke r  
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t h a n  ca.  5 p i s  1 .3 x 10-5 tracks/neutrons/barn. 
and p r a c t i c a l  appl icat ions,  mainly f o r  f a s t  neutron personnel dosimetry, 
have been developed. 

Simple evaluat ion t r acks  

Thermal Radiation of Cel lulose 

Despite the advanced s t a t e  of knowledge of ign i t ion  behavior of 
ce l lu los i c  mater ia ls ,  almost nothing i s  known about chemical mechanisms 
responsible f o r  the ign i t i on  event.  An experiment t o  measure pyrolysis  
products of ce l lu lose  exposed t o  intense thermal rad ia t ions  revealed 
tha t :  
change i n  v o l a t i l e  pyrolysis  products, (b) pre- igni t ion exposures gener- 
a t e  mostly H20, CO2, CO and tar, ( c )  hydrogen, methane, ethane and ethyl-  
ene, undetected i n i t i a l l y ,  appear and increase rapidly a t  about the  time 
when igni t ion  would occur i n  a i r ,  and ( d )  these elements are  important 
components i n  long exposures. It is suggested a l so  tha t  ce l lu lose  de- 
composes i n  the main by two competitive modes: t a r  forming and char form- 
ing reac t ions .  Together these reac t ions  destroy the cel lulose before it 
ever a t t a i n s  temperature as high a s  those ( a t  the  surface) accompanying 
ign i t ion .  Therefore, the hydrogen and hydro-carbons do not appear t o  
derive from the ce l lu lose  per se.  

( a )  spontaneous flaming igni t ion  alone is  accompanied by a d i s t i n c t  

Steady S t a t e  Method 

A steady s t a t e  method f o r  studying the k ine t i c s  of thermal degrada- 
t i o n  i n  s o l i d  mater ia ls ,  w i t h  appl icat ion t o  alpha ce l lu lose ,  has evolved 
from one of the more bas ic  Laboratory research programs. 
understand andlor cont ro l  the ign i t i on  phenomena of ce l lu los i c  mater ia l s  
it is necessary t o  f i r s t  understand the  mechanisms of thermal degradation. 
NRDL researchers have noted a crying need f o r  a f r e sh  approach, capable 
of providing well-designed, quan t i t a t ive  da ta  f o r  individual  reac t ions ,  
especial ly  those of the so l id-so l id  type and have come up w i t h  the con- 
ception and appl icat ion of a new technique. That is, a method u t i l i z i n g  
the measured temperature p r o f i l e  and a power balance obtained during 
s teady-state  ablat ion has been conceived and applied t o  OT-cellulose w i t h  
and without 2% KHC03 (by weight) added as a control led impurity. The 
r a t e  of generation of chemical heat was determined as a function of 
temperature, and the heat required t o  pyrolyze 1 p. of ce l lu lose  was 
e s t  imated . 

In order t o  

Theory of Deformed Nuclei 

D r .  John Davidson, Sc ien t i s t  i n  Residence from Rensselaer Poly- 
technic I n s t i t u t e ,  expanded h i s  work on the  theory of the s t ruc tu re  of 
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deformed nuclei .  
which character ize  the co l lec t ive  motion of any given nuclide can be ca l -  
culated d i r e c t l y  from the  available experimental da ta ,  making optimum 
use of t h e  ava i lab le  da ta .  
nuclides,  f inding some unexpected t rends followed by c e r t a i n  of the col-  
l e c t i v e  parameters with var ia t ion  of proton or neutron number. A p a r t i -  
cu l a r ly  s ign i f icant  par t  of t h i s  work was the predict ion of e l e c t r i c  
monopole t r a n s i t i o n  p robab i l i t i e s  on the  framework of t he  co l l ec t ive  model. 
This new development has  been used successf i l ly  t o  pred ic t  the decay 
proper t ies  of exci ted l e v e l s  i n  platinum isotopes, for which experimental 
da t a  w a s  only recent ly  obtained. 

He developed the theory t o  the point where the parameters 

This model was applied t o  t h e  rare-ear th  

Space Radiations Handbook Data 

A survey of da ta  appropriate for  a much needed handbook on space 
rad ia t ions ,  t o  be used fo r  design t e s t ing  and pre- f l igh t  and i n - f l i g h t  
ca l ib ra t ion  of interplanetary environment radiat ion probes, was completed 
on a contract  t o  Stanford Research I n s t i t u t e .  Derived from an extensive 
l i t e r a t u r e  survey, the da ta  f o r  the proposed handbook provides informa- 
t i o n  required so t h a t  allowance can be made for such f a c t o r s  as  t he  
e f f e c t s  of i r r a d i a t i o n  on the  e lec t ronics  and sensors and of micrometeor- 
i tes  on t he  vulnerable port ions of the probe. Electromagnetic rad ia t ion ,  
corpuscular rad ia t ion  and meteorites information is included. 

Analysis of Xenon 

Nuclear physics in t e re s t  (BUSHIPS CORE Program sponsored) in one 
instance during the year took the form of an analysis  of  the xenon con- 
t e n t  of t he  Richardton meteorite and of e a r t h ' s  atmosphere in te rpre ted  
t o  show t h a t  ce r t a in  nuclear events occurred following the  formation of 
t he  meteori te .  This analysis  stems from t h e  question: Can the difference 
i n  both chemical content and physical s t ructure  from individual  t o  indi-  
vidual  of t he  various chondrites t h a t  have been recovered be used t o  
formulate a sequence of events occurring during formation of the so l a r  
system? 
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INSTRUMENTATION 

Mobile Radiac Repair F a c i l i t y  

In view of t h e  e f f i c i e n t  and e f f ec t ive  u t i l i z a t i o n  of the AN/MDM-1, 
Mobile Radiac Repair F a c i l i t y ,  by INDMANSM, t h e  Laboratory completed an 
invest igat ion of the ANIMDM-1's s u i t a b i l i t y  f o r  use i n  the f i e l d  by the  
Marine Corps Force Service Regiments. 
mcdification, the-  Marine Corps could provide AN/MDM-l type f a c i l i t i e s  with 
ex i s t ing  Marine Corps  equipments t h a t  would enable the Force Service Regi- 
ments t o  accomplish ca l ib ra t ion ,  repa i r  and maintenance of f i e l d  rad iacs .  
More e f f i c i e n t  use of avai lable  radiac instruments i n  the  f i e l d  w i l l  be 
i n  prospect. This w i l l ,  i n  t u r n ,  fu r the r  reduce maintenance and ca l ib ra -  
t i on  cos t s .  It was f u r t h e r  determined t h a t  a l l  necessary equipment, 
f a c i l i t i e s  and t o o l s  from the  standard AN/MDM-l can be su i t ab ly  i n s t a l l e d  
i n  a modified Marine Corps S-280( )/G s h e l t e r .  
portable on the  standard Marine Corps 2-112 ton t ruck,  thereby providing 
a f a c i l i t y  wi th  exce l len t  off-road operating c a p a b i l i t i e s .  

It was determined t h a t ,  with minor 

This she l t e r  is t r ans -  

Another spec ia l  radiac pro jec t  for H W  had as i t s  object ive the  
development and v e r i f i c a t i o n  of improved ca l ib ra t ion  procedures f o r  the  
Marine Corps ' IM-l74/PD Radiacmeters. Results indicated tha t  a t e n t a t i v e  
ca l ibra t ion  procedure developed during e a r l i e r  work a t  NRDL w i l l ,  with 
minor modifications,  be a s igni f icant  improvement over the present ly  used 
procedure. In addi t ion,  a special  technique was developed which w i l l  
allow f i e l d  repa i r  f a c i l i t i e s  t o  e l e c t r i c a l l y  c a l i b r a t e  the IM-174 if 
the instrument is needed and no isotopic  o r  X - r a y  source i s  r ead i ly  ava i l -  
able fo r  ca l ib ra t ion .  

Space Applications Seen i n  Thin-Film Transis tor  Tests 

Limited s tud ie s  and t e s t s  of nuclear dose e f f e c t s  on insulated-  
gate th in  film t r a n s i s t o r s  indicated t h a t  the threshold of ionizing r ad i -  
a t ion  dose f o r  s ign i f i can t  semi-permanent surface e f f e c t s  i n  the IGTFT 
is considerably above t h a t  of operat ional  i n t e r e s t  in nuclear weapon en- 
vironments. However, these e f f e c t s  may prove important i n  some space 
appl icat ions.  
i n  the t r a n s i s t o r  t e s t s  were made during r e l a t i v e l y  long exposures and 
ef fec ts  r e su l t i ng  from f a s t  surface s t a t e s  could not  be observed. 
was some evidence t h a t  these s t a t e s  w i l l  a f f ec t  recovery following expo- 
sures of a microsecond). A second l imi t a t ion  t o  the  conclusion was t h a t  
a l l  u n i t s  t e s t ed  were evacuated or  potted and i n  the  presence of an e a s i l y  
ionized medium (gas) ,  observed e f f ec t s  could be enhanced. 

One qua l i f i ca t ion  t o  t h i s  conclusion was t h a t  measurements 

(There 
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Dosimetry for  Large Animal Experiments 

A systematic study of the depth of d i s t r i b u t i o n  i n  la rge  animals 
was made a t  the  Camp Parks Radiation F a c i l i t y  and compared with s i m i l a r  
exposures made a t  o ther  r a d i a t i  n sources.  A q u a d r i l a t e r a l  configuration 
of four  movable uncollimated Cog' sources with a t o t a l  a c t i v i t y  of 9000 
cu r i e s  was used t o  obtain exposure measurements i n  a i r  and depth doses 
i n  a masonite phantom for  radiat ion experiments involving sheep. 
depth dose d i s t r i b u t i o n  i n  the phantom i n  the four  source exposure was 
compared t o  d i s t r ibu t ions  obtained using a s ingle  coll imated C o 6 O  source 
four times i n  succession t o  simulate the  four source a r ray  and exposure 
geometry and l m v p  X-rays i n  a b i l a t e r a l  exposure. Distr ibut ions of the 
quadr i l a t e ra l  gamma and X-ray exposures d i f f e red  quan t i t a t ive ly  by no 
more than 546 throughout the phantom thickness .  

The 

Bias Influence on Transis tors  

An inves t iga t ion  f o r  BUSKIPS t o  determine influence of b i a s  on 
r ad ia t ion  induced surface e f f ec t s  i n  t r a n s i s t o r s  turned up the following 
p r inc ipa l  r e s u l t .  Radiation induced surface e f f e c t s ,  causing increases 
i n  leakage current  (ICBo) and changes i n  beta and input impedance, were 
c l e a r l y  enhanced by the  continuous presence of collector-base voltage i n  
the  type 2 N 5 2 6  geranium t r a n s i s t o r .  However, no similar cor re la t ion  was 
found i n  the type 2N329A S i  t r a n s i s t o r  a t  the exposure l eve l  used i n  the 
tes ts .  It was f e l t  t h a t  exposures a t  higher l eve l s  i n  the  l a t t e r  instance 
w i l l  show a b i a s  influence.  
was due t o  junct ion photo current and gas ionizat ion i n  the  t r a n s i s t o r  
C a n .  

The major response of I i n  the  SiZN329A CEO 

New X-Ray Detector Accessory Successful 

With conventional alpha radiacs ,  the  detector  must be placed with- 
i n  a very small dis tance of the surface being monitored (about 1/16 of 
an inch) ,  because of the very short  range of alpha p a r t i c l e s  i n  a i r .  
a r e s u l t ,  the  detector  "sees" only an a rea  d i r e c t l y  under the probe. 
the  surface being monitored i s  not remarkably smooth and f l a t ,  metering 
becomes a slow and tedious process and s ince  the detector  must have a 
very t h i n  window t o  admit the alpha p a r t i c l e s ,  it can be damaged e a s i l y  
i n  a f i e l d  operation. I n  addition, any contamination buried under th in  
l aye r s  of dust  or moisture cannot be detected.  
have come up with a new Model DT-302 (XN-1) X-ray accessory designed t o  
de t ec t  X-rays associated with the  alpha decay. 
low frequency of occurrence, X-ray de tec t ion  i s  r e l a t i v e l y  insens i t ive  
compared t o  d i r e c t  alpha detection; bu t  s ince the mean path l i n k s  of  
these X-rays are  about 4 t o  10 m. i n  a i r  and 4 t o  10 nun. i n  water, the 

A s  
If 

NRDL instruments experts 

Because of t h e i r  r e l a t i v e l y  
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advantages of alpha r a t e  detection i n  the s i tua t ions  described above are  
apparent. 
about a foo t .  

For example, an X-ray device can be used a t  a distance of 

Two-Parameter Gamma Pulse Height Analyzer 

A t rans is tor ized  two-parameter gamma pulse he ight  analyzer system 
was obtained, i n s t a l l e d  and put i n t o  operation. T h i s  system, manufactured 
to meet performance specif icat ions establ ished by NRDL, represents a 
s ignif icant  advance i n  gama-ray spectrometry and extends t h e  Laboratory's 
capab i l i t i e s  f o r  o r ig ina l  research i n  nuclear chemistry. The increase i n  
number of channels and data storage capacity and the  computer compatible 
output which t h i s  system provides not only makes a grea te r  volume of 
measurements possible but a lso allows nuclear ident i f ica t ions  and measure- 
ments i n  areas which were previously beyond t h e  reach of available equip- 
ment. This equipment provides a t o o l  which enables the nuclear s c i e n t i s t s  
of the Laboratory t o  continue t o  gain the  benefits  of many years of ex- 
perience i n  t h e  development and application of gamma spectrometric methods 
for the  iden t i f i ca t ion  and measurement of nuclear propert ies .  

High Precision Measurements Apparatus 

In the  course of invest igat ing f o r  a BUSHIPS sub-project t h e  effects 
of nuclear rad ia t ion  on the thermo-electric properties of a number of com- 
pound semiconductors, an apparatus w a s  designed, b u i l t  and tes ted  with 
grat i fying r e s u l t s .  
remounted i n  t h e  apparatus between measurements, showed var ia t ions not 
la rger  than+g$ i n  remeasuring Seebeck coeff ic ient  and e l e c t r i c a l  r c s i s -  
t i v i t y  fo r  eleven mater ia ls .  
e f f i c i e n t  for a sample of s ing le-crys ta l  bismuth te l lur ide was found t o  
be not l a rge r  than ?2$. 

Precision tests, where samples were removed from and 

Also, the  var ia t ion i n  remeasuring H a l l  co- 

Gamma-Ray Measurement Improvement 

An improvement i n  s ens i t i v i ty  of several  orders of magnitude has 
been achieved i n  a Laboratory designed instrument for measuring the  gamma- 
ray dose albedos of concrete, aluminum and s t e e l .  
op t ica l ly  coupled t o  a photomultiplier tube, as the detector ,  and an 
analog-to-digital  converter and i t s  r e g i s t e r  as  t h e  measuring device, pro- 
duced the s e n s i t i v i t y  g a b .  
up t o  TOO kev, and dose rates as low a s  0.2 mr/hr,  have been measured with 
t h i s  new instrument t o  b e t t e r  t h a n  ?ll per cent. This device could be 
used aboard ship o r  a t  a land i n s t a l l a t i o n  where highly sens i t ive ,  direc-  
t i ona l ,  gamma-ray dose measurements might be required. 

A p l a t i c  s c i n t i l l a t o r ,  

D i f f e ren t i a l  dose for  gamma rays with energies 
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Fie ld  Radiometer and Calorimeter Improvements 

To increase the s e n s i t i v i t y  and r e l i a b i l i t y  of NRDL f i e l d  r ad i -  
ometers and t o  improve t h e  methods of ca l ib ra t ing  these instruments, two 
prototype instruments have been constructed and evaluated. These include 
a vacuum calorimeter and a new ca l ib ra t ing  source consis t ing of banks of 
tungsten-iodine lamps. 
l a t i n g  the physical  and thermal parameters of the instruments and a con- 
s iderable  body of information was accumulated about ex i s t ing  instruments 
and sources i n  the  process of design and evaluation of  such instruments. 
Also, t h i s  l ed  t o  a considerable number of modifications made i n  the r a d i -  
ometers t o  increase t h e i r  r e l i a b i l i t y  and ruggedness. 

New devices were required for the equations r e -  

Nuclear Emulsion Track Analysis Instrumentation 

NRDL experts  working on ana lys i s  of th ick ,  nuclear research emul- 
sions came up w i t h  a l i s t i n g  and analysis  of current microscope equipment, 
r e l a t e d  equipments and custom fabr ica t ions  most used or applicable t o  
t h i s  f i e l d .  
c i a l l y  avai lable  and o ther  equipment a re  included along w i t h  background 
da ta ,  de t a i l ed  descr ipt ions and a summary of overa l l  effect iveness  of 
f i v e  major microscope assemblies. A repor t  on t h i s  NASA-sponsored e f f o r t  
is expected t o  draw considerable interest from DOD and AEC s c i e n t i s t s .  

Performance evaluat ion and suggested refinements of commer- 

Parks Range Now 10,650 Curies 

In t h e  course of obtaining ca l ibra t ions  of the Camp Parks Radia- 
t i on  Range fo r  use by the  Bio-Med Division, inves t iga tors  planning long 
rar&e experiments w i t h  animals, dose d i s t r ibu t ions  o f f i v e  high-intensi ty  
Co 
cr ibed dis tances  and t h e i r  configurations.  Inverse square f a l l -o f f  of 
dose was found t o  apply i n  a l imi ted  region where sca t t e r ing  and attenu- 
a t ion  do not modify the  r e s u l t s  subs t an t i a l ly .  
s ca t t e r ing  t h e  gamma f i e l d  cannot be met categorical ly  without dosimetry 
done loca l ly .  
about 2400 a t  time of measurement, while tower sources measured only 
1050 cur ies .  

sources a t  the Camp Parks Radiation Range were measured for pre- 

Because of extensive 

Four of the sources yielded equivalent cu r i e  r a t ings  of 

'hngsten Iodine Lamps a s  Thermal Sources 

For some years t h i s  Laboratory has used carbon a rc  image f'arnaces 
t o  simulate the thermal rad ian t  energy from a nuclear detonation. The 
s i>ectral  d i s t r ibu t ion  of the rad ia t ion  from the carbon arcs  is very 
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similar t o  t h a t  from the  detonation and thermal rad ian t  power as high a s  
100 Cal Con-2 sec - lmay  be obtained with fused op t i ca l  systems. 
furnaces we r e a l l y  bulky, however, they require a DC power supply t o  
i l luminate a r e l a t i v e l y  small area,  andare subject t o  unavoidable va r i -  
a t ion of several  per cent .  
tha t  close simulation of t h e  spec t ra l  d i s t r ibu t ion  of t h e  energy radia-  
t i on  from the de tona t ion i s  unnecessary fo r  some problems. 
problems a high r ad ian t  tungsten fi lament source is now more su i t ab le  
than a carbon arc furnace,  but  i s  also more f l ex ib l e ,  i l luminates  a 
l a rger  area and i s  considerably eas i e r  t o  use.  
for  these c e r t a i n  purposes, a source using the tungsten iodine cycle lamps 
has been b u i l t ,  tested and put i n to  operation a t  the Laboratory. 

These 

Extensive e-xperimentation has demonstrated 

For these 

Because of i t s  advantages 

Detector Ef f ic ienc ies  Calculated 

An important consideration i n  the  study of nuclear s t ruc ture  is 
t h a t  of gamqa ray i n t e n s i t i e s  i n  a par t icu lar  decay scheme. In  order t o  
determine these i n t e n s i t i e s ,  careful  measurements must be made with a de- 
tec tor ,  the detect ion eff ic iency of which vs .  energy i s  known. Thus, t o  
correct  experimental d a t a  from a Ge(1i) semi-conductor de tec tor  a t  MDL, 
a computer ca lcu la t ion  of t o t a l  detect ion e f f ic ienc ies  was completed. 

BIO-I.iED1CP-L RESEARCH 

Biospheric Contamination Project 

The experimental phase of the most s ignif icant  biomedical inves t i -  
gations launched under the NRDL in-house independent research CORE Pro- 
gram for  the Bureau of Ships, on biospheric contamination, got underway 
ea r ly  i n  1965. The pro jec t  entered the first phase of an overa l l  objec- 
t i v e  t o  es tab l i sh  the  nature of the underlying complex biophysical mecha- 
nisms f o r  radioelement uptake, r a t e s  of movement and turnover and mecha- 
nisms of t r ans fe r  i n  l i v i n g  systems. Longrange object ive i s  t o  provide 
a r a t iona l  bas i s  fo r  development of biological  monitoring, decontamina- 
t i o n  approaches, and preventive measures against contamination by radio- 
elements entering the  biosphere as a consequence of reac tor  o r  weapons 
developments. Current work i s  being focused mainly on growth and mainte- 
nance of mul t i -ce l lu la r  marine algae, a s  needed t o  insure a ready supply 
of tes t  mater ia l .  Ion t ransport  s tudies  have been i m p l e m e n t e d i n m  
lactuca and attempts w i l l  be made t o  assess i r rad ia t ion  e f f ec t s  on oxi -  
dat ive photophosphorylation i n  these phytoplankton. (See next page). 
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RADIOELEMENT UPTAKE IN SEA PLANTS -- Above i s  i l l u s t r a t i o n  of a new 
laboratory research set-up unique i n  NRDL annals. The p ic ture  shows 
s c i e n t i s t s  making preliminary observations of radioactive t r ace r  
uptake i n  marine algae cul tures  i n  aquaria. Long rage objective 
of t h i s  program is  provision of a r a t iona l  bas i s  for development of 
b io log ica l  monitoring, decontamination approaches, and preventive 
measures against  contamination by radio-elements entering the bio- 
sphere as a consequence of reac tor  or weapons developments. Project 
equipment includes a rapid-flow, salt water cul ture  system wherein 
salt  water is pumped through a p l a s t i c  pipe system a t  a r a t e  of 
25 5 gal/min. 
contaminating species i s  provided. 

S t e r i l i z a t i o n  and t o t a l  f i l t r a t i o n  of free-swimming 



Imrrmnological Mechanism 

For the pas t  severa l  years, one of the major b io logica l  research 
e f f o r t s  a t  NRDL has been directed towards the understanding and c o n t r o l  
of the  immunological mechanism and process, present i n  a l l  mammalian 
systems, by which gene t i ca l ly  foreign t i s sue  or c e l l  t ransplan ts  a re  r e -  
jec ted .  Experimental s tud ies  i n  t h i s  area include questions on t i s s u e  
an t igenic i ty ,  r e s to ra t ion  of l e t h a l l y  i r rad ia ted  animals by means of 
bone marrow t r ansp lan t s ,  immunolo&ical tolerance,  recovery of t h e  immune 
system a f t e r  i r r a d i a t i o n ,  the ro le  of humoral antibodies,  and the involve 
ment of  t h e  thymus i n  t i s s u e  homograft re jec t ion  and re ten t ion .  
areas of research have been and are the focus of intensive research 
throughout the  world; the competition i s  keen, and new developments and 
in s igh t s  occur i n  rap id  succession. 
NRDL Technical Reports and published papers, of which he was the senior  
author, D r .  Marvin Tyan presented new and o r ig ina l  observations, techni-  
ques, and hypotheses i n  t h i s  area.  H i s  s tudies  demonstrated three  im- 
portant. new f indings i n  what can be tenned the f i e l d  of rad ia t ion- t rans-  
p lan ta t ion  immunology: (1) That the system responsible fo r  t h e  normal 
"throwing-off", i . e . ,  r e j ec t ion  of foreign t i s sue  g ra f t s  by adul t  animals 
(such a s  mice) i s  i n  f a c t  heterogeneous; t ha t  i s ,  qua l i t a t ive ly  d i f f e r e n t  
c e l l  " l ines"  o r  populations within the  same organism are  "called up" t o  
respond t o  the  more "foreign" t i s s u e  g r a f t s  than those which respond t o  
foreign t i s s u e  g r a f t s  from genet ical ly  more closely r e l a t ed  donors. 
That the  very e a r l y  mouse embryo--perhaps as ea r ly  a s  a one-day'old f e t u s  
--already possesses the  t i s s u e  antigens able t o  evoke t ransplan ta t ion  
reac t ions .  Therefore, the  normal mater ia l  tolerance fo r  the embryo is 
accounted f o r  by the existence of an " iner t  ba r r i e r "  between t h e  mother 
and f e t u s .  (3)  New findings on the ontogeny, i . e . ,  development of  the  
immune system i n  mammals, showing tha t  the c e l l s  destined t o  become com- 
petent  t o  r e j e c t  foreign t i s s u e  g ra f t s  are first present i n  t h e  e a r l y  
mouse embryo l i v e r  and thymus. 

These 

In a s e r i e s  of several  b r i l l i a n t  

(2) 

A t  the present time, the  benef i t s  from t h i s  research a re  in tangib le .  
These a re  r e l a t e d  t o  t h e  extension of new knowledge i n  t h e  f i e l d s  of 
t ransplan ta t ion  immunology and rad ia t ion  biology. New ins igh t s  and con- 
cepts  about the mechanisms by which t h e  body r e j e c t s  gene t ica l ly  fore ign  
skin grafts and hemopoietic and lymphoid c e l l  g r a f t s  are  forthcoming 
from these  f indings.  
applied t o  problems i n  treatment of radiat ion casua l t ies  and i n  surgery 
of "spare par t s"  i n  humans i s  not yet  known. 
the r e s u l t s  of these s tud ies  cons t i tu te  s ign i f icant  additions t o  the  
" s c i e n t i f i c  capi ta l"  i n  t h i s  f i e l d ,  which i s  aimed toward eventual human 
appl icat ion.  

The ex ten t  t o  which they may now be s p e c i f i c a l l y  

However, f o r  the time being, 
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Liver Research Advance 

D r .  Raymond Schofield,NRDL's 10th Scientist-in-Residence, from the  
Chr is t ie  Hospital  and Holt Radium I n s t i t u t e  i n  Manchester, England, i n  
col laborat ion with M r .  Leonard Cole, Head, Experimental Pathology Branch, 
made important s t r i d e s  i n  research on the function of the spleen i n  haemo- 
topoies i s  and r ad ia t ion  recovery. The spleen has f o r  m a n y  years  been im- 
p l i ca t ed  a s  an important organ i n  protection from l e t h a l  doses of radia-  
t i o n .  It is involved i n  some way  with the haemotopoietic recovery but 
no completely e s s e n t i a l  ro l e  has ever been ascribed t o  it nor is much of 
i t s  function understood. It i s  known tha t  when heavily i r r a d i a t e d  mice 
are  protected by in j ec t ion  of bone marrow cells., nodules cons is t ing  of 
these c e l l s  appeared i n  the spleen shor t ly  a f t e r .  D r .  J. H. L .  P l ay fa i r ,  
a former Scientist-in-Residence, and M r .  Cole, observed t h a t  i f  the  c e l l s  
from these nodules were in jec ted  i n  the  attempt t o  p ro tec t  mice from 
otherwise l e t h a l  i r r a d i a t i o n ,  only those mice which had i n t a c t  spleens 
were restored while mice which had been splenectomized became very 
anaemic and died.  

Mr. Schofield invest igated t h i s  phenomenon more thoroughly and was 
able t o  show: 
with 'spleen nodule cells"may survive but  do develop a profound, slowly 
recovering anaemia which p e r s i s t s  f o r  two t o  th ree  months. S imi la r ly  
t e s t ed  mice which were sham-splenectomized do not become very anaemic and 
recover quickly; (2 )  t h a t  the  function of the spleen does not appear t o  
be simply hormonalbut the  anaemia m a y  be modified and somewhat improved 
if the spleen is su rg ica l ly  removed a f t e r  i r r ad ia t ion ,  and (3 )  t h a t  using 
radioiron techniques,  it appears t h a t  the  in jec ted  "spleen nodule c e l l s "  
do not ac t  a s  a funct ional  "graft" i n  bone marrow cavi ty ,  as was assumed, 
and t h i s  i s  t rue  whether the animal has a spleen or not.  
these c e l l s  must be by some other  mechanism, but  haemotopoietic recovery 
under these condi t ions is apparently due t o  spontaneous recovery of sur- 
viving bone marrow stem c e l l s .  
spleen determines whether or  not the animal will remain anaemic and there  
i s  evidence t h a t  the  l i f e  span of the red blood c e l l s  produced i s  de- 
termined, under these conditions,  by t h e  spleen. 

(1) That the splenectomized mice, i r r ad ia t ed  and in j ec t ed  

Protect ion by 

However,the presence o r  absence of the 

Effec ts  of Radiation on Bone Growth 

Resul ts  from previous experiments have indicated t h a t  growth r e -  
ta rda t ion  r e s u l t i n g  from exposure t o  ionizing r ad ia t ion  may involve 
f ac to r s  i n  addi t ion t o  l o c a l  damage of  the t i s sue  i n  question. In a 
study on r e t a rda t ion  i n  bone growth subject t o  rad ia t ion ,  NRDL s c i e n t i s t s  
found t h a t  approximately one-half of the growth reduction occurring i n  
the hind limb bones of  r a t s  a f t e r  total-body i r r a d i a t i o n  (450 R) was 
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a t t r ibu ted  t o  the  d i r e c t  e f f e c t  of rad ia t ion  damage on the  limb. The r e -  
maining one-half was the r e s u l t  of i nd i r ec t  e f f ec t s  from radia t ion  e f f e c t s  
on t he  remainder of the body. Various regions of the  body were i r r ad ia t ed  
and yielded r e s u l t s  which indicated t h a t  the ind i r ec t  e f f e c t s  were more 
dependent upon the  body region exposed than upon the amount of t i s s u e  
i r r ad ia t ed .  The r e s u l t s  suggest the p o s s i b i l i t y  t h a t  the ind i r ec t  e f f e c t s  
of i r r ad ia t ion  on bone growth may r e f l e c t  radiation-induced a l t e r a t ions  
i n  endocrine and metabolic fhnct ions.  

New Approach t o  Study of Antibody Formation 

A new experimental approach t o  the study of antibody formation i n  
vivo as a c lona l  phenomenon was announced by Scientist-in-Residence fr% 
the  B r i t i s h  Is les ,  Dr. John P lay fa i r ,  who had been working with a fellow 
biomedical s p e c i a l i s t ,  B. W. Papermaster of the University of Cal i fornia ,  
Berkeley. 
spleen were in j ec t ed  i n t o  l e tha l ly - i r r ad ia t ed  syngeneic mice and then 
induced t o  make a primary hemolysin from 2 mm. t o  a few cms. i n  diameter. 
89% were h i s t o l o g i c a l l y  iden t i f i ed  as e p i t h e l i a l  cys ts  enclosing a mass 
of laminated, corn i f ied  mater ia l .  
ceous cys t s  (6%) of cys t s  of sweat gland or ig in  ( 5 % ) .  
the ove ra l l  incidence of  animals with cys ts  was s ign i f i can t ly  increased 
by both doses of  X rays  and by a higher dose of neutrons. For the  four 
i r r ad ia t ed  groups, cys t s  appeared e a r l i e r  than i n  t h e  controls .  In t h e  
cont ro l  animals the  age-specific cyst  r a t e  began t o  a r i s e  appreciably a t  
18 months of age, while f o r  i r r ad ia t ed  groups, it began t o  r i s e  5 - 6 
months e a r l i e r .  Since these f indings are generally similar t o  the e f f e c t s  
of rad ia t ion  Kith respect  t o  tumor formation, it appears t h a t  skin cys ts  
should be categorized with the benign tumors of the skin r a the r  than  as 
a separate e n t i t y .  

- 
I n  t h i s  approach, normal ( n o n - h n i z e d )  lymphoid c e l l s  from 

The remainder were e i t h e r  t rue  seba- 
It was found t h a t  

Decreased Radiation Mortali ty through Typhoid-Paratyphoid Vaccine 

Only a l imi t ed  number of rad ia t ion  protectants  are  known t o  be 
e f fec t ive  in animals other  than laboratory rodents.  
termine i f  T-PI! vaccine would increase survival  i n  an (anesthetized) mid- 
l e t h a l l y  i r r ad ia t ed  dog, the  vaccine given 24 hours before 1 MQ X-irra- 
d ia t ion  s i g n i f i c a n t l y  increased surv iva l .  No protect ive e f f ec t  was pro- 
duced by the vaccine treatment one hour a f t e r  rad ia t ion .  E i t h e r  pre- or  
pos t - i r rad ia t ion  administration of the vaccine produced marked changes 
during t h e  second week i n  the number of c i rcu la t ing  granulocytes. The 
number of p l a t e l e t s  w a s  also increased during the second week i n  animals 
given the vaccine 24  hours before a sub-lethal  exposure of 195 r .  
on the  granulocyte l e v e l s  coincides temporarily with the abortive 

In a study t o  de- 

Ef fec ts  
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recovery or rise i n  granulocytes which has been reported t o  occur spon- 
taneously i n  several. species ,  including man. 

Radiation Damage During Frimary Antibody Response 

Ionizing r ad ia t ion  is  known to  i m p a i r  the  a b i l i t y  of an a n h a l  t o  
respond t o  an t i -gene t ic  st imulation. 
t o  determine the nature of rad ia t ion  damage during the  i n i t i a l  period of 
the primary antibody response. It was found thatmonocyteswhich have 
been incubated w i t h  a soluble antigen (bovine gamma globul in)  and lymph 
node c e l l s  are  both necessary t o  e f f ec t  an antibody response i n  an i r r a -  
diated rabbi t  (450 r t o t a l  body X i r r ad ia t ion ) .  Also, it was noted t h a t  
unirradiated r a b b i t s  are  able t o  produce a n t i b o a  i n  response t o  in j ec t ion  
of antigen alone o r  of monocytes incubated with ant igen.  

Bio-Ked personnel conducted a s tudy 

Mortali ty and Recovery Studies on Sheep 

Estimates of the LD50 for s m a l l  experimental animals usually ranges 
from 600 t o  900 r .  
mental animals and f o r  man are below 500 I. These differences i n  LD 

may more c lose ly  approximate the  rad io-sens i t iv i ty  and perhaps the sys- 
tematic recovery p o t e n t i a l  of man. 1965 Laboratory experiments designed 
t o  e s t ab l i sh  the  and t o  evaluate the systematic recovery i n  sheep, 
using the sp l i t -dose  technique, showed tha t  the LL150/60s f o r  sheep i r r a -  
d ia ted  w i t n  Cobalt 60 gamma or 1 M v p  X rays a re  237 r and 252 r ,  respect-  
ively.  These midline,  a i r  doses increase t o  midline t i s s u e  doses of ap- 
proximately 145 rads.  Systematic recovery s tudies  showed t h a t  30 days 
a f t e r  an acutely administered two th i rds  LD50[30 dose there was recovery 
of 5O-TC$ of t h e  i n i t i a l  rad ia t ion  in jury .  
deaths i n  the sheep occurred a f t e r  30 days. This indicated t h a t  the  
LD50/60 is  a more s a t i s f a c t o r y  end-point than the LD50/30 fo r  evaluating 
the acute mor ta l i ty  response of the domestic sheep. 

In  general ,  s imilar  estimates f o r  most la rge  experi-  

may indica te  t h a t  rad ia t ion  data obtained from large,  domestic anim a i o  s 

A l e a s t  1 6  of rad ia t ion  

Rad Ef fec t s  on Per i tonea l  Cavity Cel ls  

It i s  w e l l  e s tab l i shed  t h a t  whole body exposure t o  ionizing rad ia-  
t i o n  causes severe damage to the  bone marrow and lymphoid tissue. As a 
r e s u l t ,  the  number of  leucocytes i n  the blood is g r e a t l y  diminished. 
NRDL Bio-Med inves t iga tors  completed a study of whether the c e l l s  present 
i n  the per i tonea l  cav i ty ,  some of which or ig ina te  i n  the lymphoid t i s sue  
and others  presumably i n  the bone marrow, are similarly affected.  It was 
also important t o  determine the number and k ind  of leucocytes normally 
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present  i n  t h e  pe r i tonea l  cav i ty  i n  the mouse and t o  study the  e f f e c t  of  
t o t a l  body X- i r rad ia t ion  on t h i s  c e l l  population. 
l e a s t  95% of the  c e l l s  i n  the per i toneal  cav i ty  of normal LA.F1 mice were 
mononuclear; of these  about 7C$ were lymphocytes and 30$ were macrophages. 
One day a f t e r  exposure t o  midlethal doses of X-irradiat ion and for  th ree  
weeks t h e r e a f t e r  both the  t o t a l  number of c e l l s  and the  percentage of 
lymphocytes were g r e a t l y  reduced. 
tonea l  cav i ty  declined only s l i g h t l y  and very gradually between l and 21 
days pos t - i r r ad ia t ion .  
mately th ree  months a f t e r  exposure. 

Resul ts  showed t h a t  a t  

The number of macrophages i n  t h e  pe r i -  

Normal c e l l  counts were again found i n  approxi- 

Radiation-Induced Motivation, Humoral Factor 

The motivat ional  e f f e c t  of i r r ad ia t ion  exhibi ted i n  var ious con- 
dit ioned avoidance responses has been shown t o  have general  character-  
i s t i c s  whereby it can be d i f fe ren t ia ted  from the prompt s t imulatory e f -  
f e c t s  of  i r r a d i a t i o n .  Prompt st imulation resu l t ing  from high r a t e s  of 
exposure ( t h a t  i s  3 r /min and more) may contribute t o  the motivation e f -  
f e c t .  Nevertheless,  motivation can be produced independently of  i n i t i a l  
neu t r a l  e f f e c t s .  In one experiment, it was found t h a t  i n  r a t s ,  tempo- 
r a r i l y  deeply anesthet ized during X-irradiation with 90 r a t  60 r /min. ,  
a conditioned aversion t o  saccharin-flavored f l u i d  could be produced by 
providing a saccharin t a s t e  experience i n  the postanesthesia-postexposure 
period. The preliminary findings i n  another study s t i l l  i n  progress  in -  
d i ca t e  t h a t  in r a t -pa i r s ,  joined by non-neural vascular anastomosis, a 
saccharin aversion can be conditioned i n  the sham-irradiated member f o l -  
lowing the exposure of  i t s  par tner  t o  360 r of X-rays (24 r/min). 
c o n s t i t u t e s  pos i t i ve  evidence f o r  a systemic humoral f ac to r  which can 
mediate radiation-induced motivation. 

T h i s  

Leukemic Ce l l s  Growth/Competence Control 

Laboratory inves t iga tors  "zeroed in"  on a new approach f o r  therapy 

It was concluded t h a t  -- i n  vivo growth and competence 
of experimental leukemia i n  mice, involving the  combined use of X-radiation 
and "immunotherapy". 
of isogenic t ransplanted leukemic c e l l s  i n  mice can be s i g n i f i c a n t l y  
a l t e r e d  and cont ro l led  by combined therapy, employing suble tha l  whole- 
body X i r r a d i a t i o n ,  together  with t ransplantat ion of normal, immnolagi- 
c d l y  competent lymphoid c e l l s  obtained from spleens of a l logeneic  donors, 
i . e . ,  mice of a d i f f e r e n t  inbred s t r a i n  than t h a t  of the  r ec ip i en t s .  

Immunological React ivi ty/Dist inct  Cel l  Populations 

Recent research observations have suggested t h a t  isohemagglutinin 
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Application of a new method t o  study the e f f e c t s  of ionizing rad ia t ion :  

A special  kind of surg ica l  preparation was used t o  study the b io logica l  
e f f e c t s  of ionizing rad ia t ion .  I n  the procedure, two young r a t s  are  
joined together surg ica l ly  through a bridge of sk in  containing a l a rge  
number of blood vesse ls .  Thus, the  pa i r  of animals share a common c i rcu-  
l a t i o n .  The joined p a i r  l i v e  together without d i f f i c u l t y ,  eat ing end 
drinking a t  the  same time and sharing t h e i r  experiences. 
i l l u s t r a t e d  i n  the photograph; they were joined together several  months 
previously.  The p a i r  provides a powerful t o o l  for studying rad ia t ion  
e f f e c t s  s ince it is possible t o  i r r a d i a t e  one animal of a p a i r  and study 
t h e  e f f e c t s  i n  the non-exposed (shielded) animal. 
a t ion  which can be observed i n  the non-exposed animal are  presumed t o  be 
the r e s u l t s  of mater ia ls  transmitted through the c i r cu la t ion  system from 
i ts  i r r ad ia t ed  par tner .  This technique w a s  developed t o  study the  extent  
t o  which agents t ranvni t ted  i n  the blood may produce the e f f e c t s  of radi- 
a t ion  i n  several  systems of the body. 
i den t i f i ca t ion  of transmitted agents may ul t imately lead t o  a means of 
preventing many of the symptoms of radiat ion induced sickness.  

A p a i r  i s  

The e f f e c t s  of rad i -  

It i s  expected t h a t  i so l a t ion  and 



production and homograft r e j ec t ion  may be the  manifestations of  imrrmno- 
log ic  responses i n  separate c e l l  populations. A laboratory experiment 
t o  check t h i s  was conducted wherein suble tha l ly  i r r ad ia t ed  mice previ-  
ously sens i t ized  by severa l  methods were graf ted 30 t o  61 days following 
i r r ad ia t ion .  In  all groups the homograft response was s ign i f i can t ly  Im- 
paired 30 and 61 days a f t e r  i r r a d i a t i o n .  
groups normal secondary hemagglutinin responses were noted. 
nous recovery of the  hemagglutinin and homograft responses suggested t h a t  
d i s t i n c t  c e l l  populations were responsible f o r  these two manifestations 
of h n o l o g i c  r e a c t i v i t y .  

However, i n  two d i f f e ren t  
T h i s  asynchro- 

Radiation Effec ts  on Renal Enlargement 

Confl ic t ing repor t s  e x i s t  i n  t h e  l i t e r a t u r e  regarding the  degree 
of r ena l  enlargement occurring a f t e r  e i t h e r  t o t a l  body or l o c a l  i r r ad ia -  
t i o n ,  and it seems possible  t h a t  t o t a l  body i r r a d i a t i o n  could exe r t  an 
i nd i r ec t  e f f ec t  on the  i n i t i a t i o n  and the degree of hypertrophy. 
d i r e c t  e f f e c t  of rad ia t ion  on the  enlarging kidney is of general  i n t e r e s t  
and i s  of pa r t i cu la r  importance i n  chi ldren undergoing radiotherapy a f t e r  
removal of one kidney for  nephroblastoma. In a NRDL experiment conducted 
on mice, it was found t h a t  t h e  r ad ia t ion  i n  t h e  dose ranges of 500 - 600 r 
and a t  1350 r did not exer t  a d i r e c t  i nh ib i to ry  e f f e c t  on rena l  weight 
increase,  but it l imi ted  body weight gain which influences kidney weight. 
The poor nu t r i t i on  and general  condi t ion of the  animals equally i n h i b i t s  
both the r ena l  and body w e i g h t  gain so that  the  r a t i o  remains constant.  

The 

X-Ray Response Traced t o  Olfactory Brain Region 

Research on radiation-induced, neural  ac t iva t ion  i n  animals i n d i -  
cated t h a t  les ions  of  the o l fac tory  bulbs almost abolish the response t o  
X-rays. This ind ica tes  a c r i t i c a l  r o l e  fo r  t h i s  pr inc ipa l  region i n  the  
process of sleeping r a t s  being awakened upon exposure t o  rad ia t ion .  Expo- 
sure t o  100 Kvp X-rays produced electroencephlographic ac t iva t ion  i n  r a t s  
wi thou t  brain l e s ions  or  with l e s ions  of the cerebral  cortex, while 35 Kvp 
X-rays were much l e s s  e f fec t ive .  
sensory stimulation i s  not essent ia l .  t o  the react ion.  

Therefore, it appears t h a t  p e r i p h e r d ,  

Stirnulation of DNA Synthesis 

In  the present stage of t ransplan ta t ion  innnunology, the development 
of a va l id  object ive -- i n  v i t r o  method f o r  histocornpatability matching of 
prospective t i s s u e  donors and r ec ip i en t s  would be of  g rea t  p r a c t i c a l  
s ignif icance f o r  t i s s u e  t ransplan ta t ion  and should be an e f f ec t ive  tool  
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i n  the study of  the mechanisms of the primary fnunune response. 
periment deal ing with the developmental phases and tes t s  of such a method, 
successful ly  adapted to  ce r t a in  i n  v i t r o  cu l tures  of mixed suspensions 
of spleen c e l l s  derived from xenogeneic s t r a i n s  of rodents,  a marked 
s t imulat ion of DNA synthesis occurred when spleen c e l l s  from LAFl mice 
and a pool of  spleen c e l l s  derived from three noninbred r a t s  were mixed 
and cul tured.  
e i t h e r  ( a )  i n  the absence o f  r a t  spleen c e l l s  o r  (b) i n  the  presence of 
disrupted (frozen-thawed) r a t  spleen c e l l s .  A similar s t imulat ion of DNA 
synthesis  occurred when spleen c e l l s  from one r a t  were mixed and cultured 
e i t h e r  ( c )  w i t h  C57BLl.W (or  DEA/2J) mouse spleen c e l l s ,  or ( t o  a l e s s  
marked ex ten t ) ,  (d)  w i t h  spleen c e l l s  from a second unrelated noninbred 
r a t .  
dependent on c e r t a i n  genetic differences inherent i n  t h e  two c e l l  popula- 
t ions .  

I n  an ex- 

-- 

No such response occurred i n  the mouse spleen cu l tures  

The da ta  suggests tha t  t h i s  mixed lymphocyte cu l tu re  (MLC) t e s t  is 

Enzyme Act iv i ty  Changes 

Increased enzyme e c t i v i t y  pos t - i r rad ia t ion  is  associated with l a rge  
and medium-size thymic c e l l s ,  ra ther  than the small thymocytes, research 
disclosed, adding t o  the very l i t t l e  information avai lable  on c e l l u l a r  
encyme a c t i v i t i e s  associated w i t h  radiation-induced atrophy and subsequent 
regeneration of the  thymus. Following whole-body exposure of  2-month old 
female LAFl mice t o  a s ingle  sublethal  dose of X rays (600 rad) ,  c e l l  sus- 
pensions were prepared from the thynus a t  various time intervals post-  
i r r ad ia t ion .  Portions of the c e l l  suspensions were analyzed f o r  c e l l  
s i ze  d i s t r i b u t i o n  w i t h  the Coulter counter and others  were assayed f l u o r i -  
metr ical ly  fo r  enzyme a c t i v i t i e s :  a lkal ine phosphatase, a lanyl  amidase, 
and l eucy l  amidase. For a l l  enzymes, a c t i v i t i e s  expressed on a per c e l l  
bas i s  showed an increase on the  f irst  day pos t - i r rad ia t ion  reaching a 
maximum a t  5-7 days, and returning t o  control  l eve l s  by Day ll. Alkaline 
phosphatase a c t i v i t y  was establ ished histochemically on i r r ad ia t ed  t h m s  
sect ions.  An increase i n  the  number of  enzyme-positive c e l l s  and capi l -  
l a r i e s  (which reached a peak on D a y  5,  returned t o  normal l e v e l s  by Day ll 
pos t - i r rad ia t ion)  was observed. 
changes i n  enzyme a c t i v i t i e s  i n  thymus a f t e r  X i r r a d i a t i o n  may be the 
biochemical expression of d i f f e ren t i a t ion  of the  thymus c e l l  populations 
under these condi t ions.  

The findings suggest t h a t  the observed 

How Peri toneal  Cel l s  of Mice Respond 

Inves t iga t ion  t o  determine the  number and kinds of leucocytes 
normally present i n  the per i toneal  cav i ty  of the mouse reveals  t h a t  a t  
l e a s t  95% of the c e l l s  of normal LAFl mice were mononuclear; of these 
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about 7C$ were lymphocytes, 3 6  were macrophages. 
t o  midlethal  doses of X-irradiat ion and f o r  3 weeks the rea f t e r ,  both t h e  
t o t a l  number of c e l l s  and the percentage of lymphocytes were g rea t ly  r e -  
duced. Normal c e l l  counts were again found approximately 3 months a f t e r  
exposure. 

One day a f t e r  exposure 

Homograft Response and Hemagglutinin Froduction i n  Mice Experiment 

Recent observations have suggested t h a t  a t  l e a s t  p a r t i a l  recovery 
of the iinmune mechanism is possible  a f t e r  a po ten t i a l ly  l e t h a l  dose of 
X rad ia t ion  i n  the  absence of the thymus. New experiments were performed 
i n  an e f f o r t  t o  fu r the r  del ineate  the thymus-dependent components of the 
immune mechanism of the  adul t  mouse recovering from the  e f f e c t s  of  whole- 
body X i r r a d i a t i o n .  The r e s u l t s  indicated t h a t  although hemagglutinin 
production and the  homgraft response were i n t i t i a l l y  g rea t ly  impaired by 
thymectomy and l e t h a l  i r r ad ia t ion ,  repeated antigenic challenge resul ted 
i n  the re turn  of  the spec i f i c  homograft response t o  near normal r eac t iv i ty .  
A t  the same time antibody production became progressively snore impaired. 
The r e s u l t s  suggest t h a t  (1) antibody production and homograft s e n s i t i v i t y  
are  manifestations of immunologic responses by associated but d i s t i n c t  
c e l l  populations, (2 )  antibody production is more thymus-dependent than is 
the homograft response, and (3) the method of sens i t i za t ion  employed deter-  
mines both the r e l a t i v e  and absolute number of "sensi t ized c e l l s "  produced 
within each c e l l  population. 

Protein Component Study 

Fundamental t o  the  study of rad ia t ion  or other forms of t i s s u e  i n -  
ju ry  is the  problem of i so l a t ing  the  d i f f e r e n t i a l  processes occurring t o  
a vas t  number of c e l l  proteins  of unknown function and of assigning iden t i -  
fying cha rac t e r i s t i c s  t o  them. Findings i n  t h i s  area showed t h a t  a sex- 
associated pro te in  component, previously thought t o  e x i s t  normally only 
i n  the  male r a t  l i v e r ,  was present i n  t h e  female r a t  but  thirty-two times 
l e s s  concentrated than i n  the male. Experimentally, the adrenal glands 
do not seem too d i r e c t l y  involved i n  this sex phenomenon. There i s  addi- 
t i o n a l  evidence t h a t  the  protein is a sex-homone-dependent component, 
responding t o  a d i r e c t  acting antagonism between the sex hormones. 

Xadioactive Tracers i n  Cholera Treatment 

The c l i n i c a l  phase of a f a i r l y  long range study by a NRDL-NAMRU 
research team neared completion and t h e  study of f l u i d  compartment changes 
in the  body, induced by a cholera outbreak i n  the  Philippines i n  1961 was 
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completed. 
measured during rehydration therapy and during control led periods of 
d i a r r h e a l  dehydration. 
was achieved using t h e  t r a c e r  techniques t o  pin down such f indings a s  the 
following: 
estimated insens ib le  lo s ses  are renlaced by equivalent volumes of  i so tonic  
s a l i n e  a t  a plasma spec i f i c  gravit;. of 1.024. 
t i e n t s ,  t h i s  would be within reasoEable range of rena l  compensation; (2) 
t h a t  a t  high f e c a l  outputs,  the t r i ce?  sodium i n i t i a l l y  excreted i n t o  the 
gut appeared not t o  be reabsorbed, and it i s  delayed several  hours i n  
appearing a s  s too l ;  (3) t h a t  cholera dehydration causes marked deplet ion 
of e x t r a c e l l u l a r  water w i t h  comparatively small losses  from i n t r a c e l l u l a r  
water.  

Using radioact ive t racers  i n t r a -ce l lu l a r  f l u i d  s h i f t s  were 

Bet ter  understanding of physiological processes 

(1) t h a t  some degree of sodium loading occurs when f e c a l  and 

For otherwise normal pa- 

LOOKEG AHEAD 

The statement of NRDL's mission was not changed during the  p a s t  
year and e s s e n t i a l l y  covers fundmental  s tud ies  concerned with nuclear 
weapon defense. However, solution t o  many radiological  defense problems 
is i n  s igh t  and a broader f i e l d  of e f f o r t  is indicated.  Studies ,  f a r  
from complete, i n  conjunction with the parent Bureau indicate  a t r end ,  
based on wnole Navy need, toward a broader mission of s c i e n t i f i c  research 
and development i n  the physical. and biological  sciences and r e l a t e d  f i e l d s  
d i r ec t ed  toward new and improved mater ia ls ,  equipment, techniques and 
systems, i n  spec ia l  warfare areas .  

Records of annals of the pas; 10 years show t h a t  NRDL has done a 
thorough job i n  many of the areas of nuclear defense research.  This  
posed a problem t o  program planners t h i s  year i n  insuring work f o r  the  
next decade which w i l l  be a s  useful  t o  sponsors as t h a t  of  the p a s t  10 
years  span. 

When the  cyclotron becomes operational NRDL hopes t o  increase 
p a r t i c i p a t i o n  i n  space radiat ion programs and proposes t o  continue with 
an e f f o r t  t o  evaluate the th rea t  t o  the Navy from BW/CW agents. 
t h i s  operat ional  analysis  program, a determination may be made on whether 
o r  not  addi t iona l  BW/CW expe rhen ta l  programs are required t o  meet the 
Navy's needs. 

From 

Research i n  some areas w i l l  be phased out or  considerably reduced 
over a per iod of 2-4 years .  However, considerably more information is 
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needed i n  some areas  of research such as shielding aga ins t  high energy 
neutrons and protons and on mechanisms of the  in t e rac t ions  of these  
p a r t i c l e s  with matter .  

A Proposed Technical Program for  F~66-70 was forwarded t o  BUSHIF5 
along with f i v e  year forecas ts  by the seven other BUSHIPS l a b s  l a t e  i n  
the year .  The t echn ica l  work proposed has been arranged under nine pro- 
gram areas,  a s  follows: (1) Operational Requirements; (2 )  Naval and Am- 
phibious Warfare; (3)  Damage and Casualty Assessment and Countermeasures; 
( 4 )  Surveil lance and Reconnaissance; ( 5 )  Weapon and Weapon Phenomonology; 
(6) Bacter iological  and Chemical Warfare; (7) Materials Research; (8) En- 
vironmental Studies,  and (9) findamental Studies.  The proposal represents  
a gradual broadening of the  mission of NRDL and trend from research i n  
nuclear defense t o  a more applied research. 
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T H P  C H A N G E D  F A C E  O F  N R D L  

Front of building i s  shown w i t h  new section doubling t h e  
width of the sidewalk. Gone is  the grass p l o t  which has 
been replaced with crushed rock ,  shrubs and t r e e s .  



CHAPTER I11 -- WBLICATIONS 

REPORTS AND MEMORANDA 

Throughout 1965 there  was an impressive s teady increase i n  the 
f low from the S c i e n t i f i c  Department of NRDL's  foremost end product - 
technical  repor t s  and other  research publ icat ions.  A new high was achiev- 
ed with a t o t a l  of 291 technical repor t s  of one type of another a s  op- 
posed t o  213 i n  1964 and 144 i n  1963. 

The breakdown for 1965 i s  as follows: 

U. S .  Naval Radiological Defense Laboratory 
Report (Formal). ................................. 15 

Technical Reports (USNRDL-TR) ......................... 128 
Reviews and Lectures .................................. 17 
Progress Reports ...................................... 27 
Technical Memorandums 2 
Technical Notes 2 
Technical Manuals 3 
Let t e r  Reports..  ...................................... 74 

7 
Total  ............. 275 

................................. ....................................... ..................................... 
.................................... - Evaluation Reports 

Also, a s e r i e s  s t a r t e d  i n  1964 tha t  are published external ly:  

Technical Papers published ex terna l ly  (TPX) ........... 
(TRX) ........... 2 

Technical Memoranda " (TMX) ........... 1 

10 
I 1  

11 
Technical Reports " 

And, the addi t ion i n  1965 of a TRC se r i e s ,  whereby research being done 
on contract  f o r  NRDL i s  prepared as a technical  repor t  and published ........................................................ 3 externa l ly  - 

Total  ............. 16 
Grand t o t a l  ....... 291 

WBLICATIDNS I N  THE OPEN LITERATURE 

Here, too,  an increase was shown over recent  years .  F i f t y  a r t i c l e s  
by NRDL authors appeared i n  26 journals .  
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OTHER RIBLICATIONS 

An Informational Guide t o  NRDL, used for v i s i t o r s  and a s  a r e c r u i t -  
ment brochure, was updated. 

PATEIKC ACTIONS DURING 1965 

Five pa ten ts  were issued: (1) K. F. S i n c l a i r ,  "Backscatter Flaw 

(3) W .  J. Parker, 

(4) H. A. Zagorites,  L. 

Detection System," Patent No. 3,197,638. 
" In te rmi t ten t  D ig i t a l  Readout," Patent No. 3,175,2Y. 
C .  p. Butler, G. L. Abbott and R .  J. Jenkins,  "Determination of Thermal 
Proper t ies  of Mater ia ls ,"  Patent No. 3,165,915. 
A. Perr ine and M. I. Lipanovich, "Recording and Reproducing System," 
Patent No.  3,167,777. 
Patent No. 3,167,048 issued 26 January 1965, bu t  pa ten t  f i l e d  a t  NOTS, 
China Lake. 

( 2 )  D. Y .  Lee and R .  L. Hopton, 

(5 )  C.  F. Ramstedt, "A Torpedo Autopilot Servo," 

There were 14  patent  appl icat ions pending and 12 patent  d i sc losures  
under development. 
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CHAPTER IV - 
AWARDS -- COMMENDATIONS -- HONORS 

HIGHEST BUSHIPS' AWARD GOES TO TOCHILIN/TYAN 

A phys ic i s t ,  who i s  a world leader  i n  r ad ia t ion  dosimetry research, 
M r .  Eugene Tochilin, and D r .  Marvin L.  Tyan, who four years ago gave UP 
a successful  prac t ice  i n  in t e rna l  medicine and hematology i n  S a n  Mateo 
and came t o  NRDL t o  devote full time t o  research, on 7 June 1965 received 
Superior Civ i l ian  Service Awards.  FUiDM Edward J. Fahy, act ing for  the  
Chief of t h e  Bureau of Ships, made the  presentat ion.  

Mr. Tochilin w a s  c i t e d  f o r  leadership i n  research i n  the f i e l d  of 
rad ia t ion  dosimetry which h a s  produced contr ibut ions of major significance 
t o  the Navy; and D r .  Tyan was commended fo r  s ign i f i can t  new experimental 
research i n  the  f i e l d s  of t ransplan ta t ion  immunology and mammalian r ad i -  
a t ion  biology. 

The Superior Civ i l ian  Service Award includes a c e r t i f i c a t e  and 
p in  and is the highest  award t h a t  a Navy Bureau Chief may grant .  
two c e r t i f i c a t e s  were signed by RADM W. A. Brockett, Chief of the Bureau 
of Ships.  

These 

SAFETY AWARD EARNED FOR 12TH TDE 

During 1965 NRDL received the Secretary of the Navy's 196L Award 
for Achievement i n  Safety.  Of a l l  Navy shore a c t i v i t i e s ,  there were 162 
success f i l  candidates and 17 (NRDL was one) were r e c i p i e n t s  fo r  the 12th 
t h e .  A minimum of 25O,OOO hours of work must be performed - W L ' s  was 
over one mil l ion hours. 
was 9$ lower than i n  1963. 
and had only one accident costing $545. 
earned. 

The lost- t ime disabl ing in ju ry  frequency r a t e  
NRDL dr ive r s  covered 267,122 miles i n  1964 

Four Safe Driving pins were 

GOLD/SILVER AWARDS GO TO HUEBSCH AND BUTLCR 

Nuclear warfare doctrine was enhanced by fallout-models and pre- 
d ic t ions  made by Mr. Ian 0. Huebsch, a mathematician i n  M E D ' s  Weapons 
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Capab i l i t i e s  Branch. I n  recognition of these contr ibut ions,  a Gold Medal 
for  S c i e n t i f i c  Achievement was presented t o  Mr. Huebsch on 27 May a t  the 
Laboratory's fourth annual Cold/Silver Awards ceremony by the  Acting 
S c i e n t i f i c  Di rec tor ,  D r .  E .  R.  Tompkins. A S i l v e r  Medal was presented 
t o  M r .  Clay Preston Butler,  a phys ic i s t  i n  Nucleonic's Radiation Effec ts  
Branch, for o r i g i n a l  observations and developments i n  the f i e l d  of 
thermal r ad ia t ion  physics. 

U n t i l  Mr. Huebsch created h i s  o r i g i n a l  development, applying hydro- 
dynamic and thermodynamic theory t o  cloud use and expansion, no.fal lout  
m o d e l  was ava i lab le  fo r  water-surface nuclear explosion bu r s t s .  Hereto- 
fore ,  f a l l o u t  predict ions for  water-surface-bursts have e s s e n t i a l l y  used 
land-surface-burst  f a l l o u t  models, y e t  land-surface and sea-water-surface 
nuclear explosions produce d i f f e ren t  kinds of f a l l o u t .  Precise calcula- 
t i o n s  of transit dose and dose r a t e s  can be made because of Mr. Huebsch's 
perceptive extensions of models approximating base-surge phenomena. 

"he S i lve r  Medal awardee, M r .  But ler ,  was commended by D r .  Tompkins 
for  h i s  "excell ing s c i e n t i f i c  cur ios i ty ,  for  contr ibut ions and ideas 
transcending d isc ip l inary  boundaries. A few of the  most recent s c i e n t i f i c  
achievements of  major significance brought about by Mr. But l e r ' s  inquiring 
and penet ra t ing  mind are coatings fo r  s a t e l l i t e  temperature cont ro l  i n  
space; s tud ie s  of meteorites and t h e i r  temperature i n  space; design and 
development of calorimeters and radiometers; progress of thermoluminescent 
dosimetry; and the importance of the se l ec t ive  e f f e c t  of thermal radiat ion."  

DR. ALPEN RECEIVES GUGGENHEIM FELLOdSHIP 

D r .  Edward L. Alpen, Head, Biological and Medical Sciences Divi- 
sion, from 1 J u l y  1965 - 1 Ju ly  1966 is a t  the  I n s t i t u t e  Gustav Roussy, 
a t  V i l l e j u i f  (near Pa r i s ) ,  France on a Guggenheim Foundation Fellowship. 
This award i s  supportin3 a postdoctoral  program i n  experimental radio- 
therapy. D r .  Alpen is working w i t h  the  Director o f  t h e  I n s t i t u t e ,  Dr. 
Maurice Tubiana, world-renowned rad io therapis t .  
by means of human t i s sue  culture techniques, t h e  s ignif icance of the 
biphasic  recovery pa t te rn  demonstrated a t  NRDL i n  l a r g e  and s m a l l  animals. 

They will inves t iga te ,  

NAVY COMMENDATION MEDAL PRESENTED TO LT. KELLY 

Now an inac t ive  member of the Naval Reserve, LT Clinton W. Kelly 
IS1 on 12 January 1965 was presented a Navy Commendation Medal by CAPP 
D .  C .  Campbell, C.O. and Director. The award was based on meritorious 
serv ice  from 1 January 1963 t o  31 August 1964. 
able  serv ice  i n  a number of posit ions of  r e spons ib i l i t y ,  the most im- 
por tan t  of which were Deputy Project Officer and l a t e r ,  Project  Officer 

LT Kelly rendered invalu- 
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of Project  ARNE (Aer ia l  Reconnaissance of Nuclear Explosions).  Since 
leaving ac t ive  Navy duty i n  September 1964, LT Kelly continued h i s  work 
on Project  ARNE, working i n  the Technical Management Office a s  a c i v i l i a n  
Physical Science Administrator. 

The c i t a t i o n  which accompanied the medal was signed by the Secre- 
t a r y  of the  Navy, Paul 11. Nitze. " ... LT Kelly i n -  
troduced technica l  innovations which broadly expanded t h e  p o t e n t i a l  of 
t h i s  p ro jec t .  I n  the  diverse and challenging tasks  unique t o  t h i s  work, 
he cons is ten t ly  demonstrated marked leadership and s k i l l  i n  pressing 
them toward successf i l  technical-mil i tary conclusions, far  exceeding the  
r e s u l t s  expected o r  ant ic ipated.  H i s  a c t i v i t i e s  were conducted a t  a l l  
l e v e l s  from s c i e n t i f i c  invest igator  and f i e l d  pro jec t  manager t o  con- 
s u l t a n t  and advisor t o  the Office of the  Secretary of Defense. 
professional  competence and insp i r ing  devotion t o  duty were i n  keeping 
with the  highest  t r a d i t i o n s  of the United S ta tes  Naval Service."  

It s ta ted  i n  pa r t :  

LT Kel ly 's  

MISCELLANEOUS APPOINTMENTS 

Dr. M. S. Silverman, Head, Microbiology and Immunology Branch, was 
e lec ted  t o  Fellowship i n  the American Academy of Microbiology e a r l y  i n  
1965. He was a l so  reappointed for another two years  t o  t h e  Commission 
on Radiation and Infect ion.  
i n  the performance of the  functions of the Department of  Defense Armed 
Forces Epidemiological Board. 

This  group was organized i n  1963 t o  a s s i s t  

Mr. Leonard J. Cole, Head, Experimental Pathology Branch, is one 
of s ix  members inv i ted  t o  serve on a National Committee to i nves t iga t e  
present s t a t u s  of research on agents t h a t  can pro tec t  aga ins t  r ad ia t ion .  
Th i s  group met i n  Washington i n  November t o  prepare an evaluat ion f o r  
the Arq?.  

LT John J. Mil ler ,  MC, USNR, who reported aboard i n  J u l y  a s  an 
inves t iga tor  i n  the Experimental Pathology Branch, was appointed a s  a 
part-t ime C l in i ca l  Ins t ruc tor  a t  the A r t h r i t i s  Treatment Center, Stanford 
University Medical Center. 

RESIDENT SUMMER SCSENTIFIC COLLABORATOR 

The Laboratory was very for tunate  i n  having a s  a res ident  summer 
s c i e n t i f i c  col laborator ,  D r .  Peter C .  Nowell, Professor of Pathology, 
School of Medicine, University of Pennsylvania. D r .  Nowell i s  one of 
the  outstanding young experimental pathologists i n  the  country. 
NRDL Medical Officer from October 1954 - October 1956, during which time 

He was 
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he received h i s  s c i en t i f i c  research "apprenticeship" working with Mr. 
Leonard J .  Cole, Head, Experimental P a t h o l o a  Branch, and l a t e r  i n  con- 
t inued and s t i l l  continuing s c i e n t i f i c  col laborat ion with personnel i n  
t h e  Experimental Pathology Branch. 

SCIENTISTS-IN-RESIDENCE PROGRAM ADDS TWO MORE 

One German and one American s c i e n t i s t  pa r t i c ipa t ed  t h i s  year i n  
t h e  Scientist-in-Residence Frogram, s t a r t ed  i n  1960 t o  br ing  t o  the  Labo- 
r a t o r y  s c i e n t i s t s  who have achieved d i s t inc t ion  i n  t h e i r  professional  
d i sc ip l ines .  
ments of 2 of t h e 3  1964Residents who returned home during t h e  current 
year can be found i n  Chapter 11, pages 28,s .  

(They are  pictured on the next page.) The research achieve- 

OTHER INTERNATIONAL SClENTISTS 

The Swedish Research I n s t i t u t e  of National Defense (NRDL's counter- 
p a r t )  sen t  D r .  Karl G .  A .  Nilsson, Head of t h e  Section of Radio-Pathology, 
Department of Medicine and Chemistry, t o  the U.S.A. fo r  two months of r e -  
search and study. During April  he worked with M r .  Leonard J .  Cole, Head, 
Experimental Pathology Branch, t o  broaden h i s  knowledge of the  e f f e c t s  
of r ad ia t ion  on the blood forming system. 

A na t ive  of Port Said, E g y p t ,  D r .  Saad 2. Mikhail, i n  February 
For the 1965 became a new member of the Technical Management Office. 

p a s t  seven years ,  D r .  Mikhail was a Professor of Nuclear Energy a t  Kansas 
S t a t e  University.  

GENERAL AWARDS 

Superior Accomplishment Cash Awards t o t a l i n g  $2,550 were presented 
t o  14 c i v i l i a n s .  
f o r  the  year ;  and 44 were granted a Quality-Step-Increase. 

Twenty people received Outstanding Performance r a t ings  

Eighty-eight Beneficial  Suggestions were received and 1 4  of them 
were adopted with a t o t a l  cash award of $475.; saving $2,670. 
Patent Awards t o t a l e d  $1,400. 

Seven 

Four c i v i l i a n s  completed t h e i r  career a t  NRDL and each was pre- 
sented a retirement pin.  
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SCIENTISTS-IN-RESIDENCE 

DR. KLWS H. E C K E R ,  Head of  t h e  Funda- 
mental Research Laboratory, Health Fqvsics 
Division, a t  t h e  J u e l i c h  Nuclear Research 
Establ ishuent  i n  Germany, joined t h e  R a d i -  
o log ica l  msics Branch, Nucleonics Divi- 
sion. Working with  Mr. Eugene Tochili", 
t h e i r  4 o r  research p r o j e c t  waa the  in- 
ves t iga t ion  of some s o l i d - s t a t e  gamma and 
neutron dos-ters, m a i n l y  s i l v e r - a c t i -  
vated phosphate glasses and non-photo- 
graphic mc1e.r t r a c k  de tec tors ,  and 
t h e i r  appl ica t ioo  f o r  s p e c i a l  dosimetric 
problem UI well aa personnel dosimetry. 
D r .  Be&er is a consul tan t  to the Geman 
Minis t ry  o f  Defense (Personnel Dosimetry) 
and alw t h e  European m c l e a r  Energy 
Agency, P a r i s .  He is president  of the 
Cent ra l  European Sect ion  of the Health 
physics Society and a member of the EX- 
ecut ive  C o u n c i l  of the In te rna t iona l  
Radiation R o t e c t i o n  Association. 

DR. BERNARD JACO BRYANT, Assistmt Sci-  
e n t i s t  i n  the  Medical Departmnr of the  
Brookhaven National Laboratory a t  Upton, 
L.  I . ,  New York, for the  p u t  tno years ,  
worked with Nr. Leonard J. Cole, Head of 
the Experimental Pathology Branch. H i s  
research employs radioact ive labe l ing  
rmthcds i n  the inves t iga t ion  of the  o r i g i n  
and d i f f e r e n t i a t i o n  of blood c e Y s  i n  
normal and i s r a d i a t e d  animals and the 
f'uctions of lymphocytes i n  innrmnity, 
tissue regenerat ion and growth. From 
1960-63 D r .  Bryant was a t  t h e  University 
of Uppaala in Sweden on a post-doctoral  
fellowship from the National I n s t i t u t e s  
of Health doing research i n  experimental 
hemstology and continuing h i s  work on 
nucleic acid metabolism. 

DR. KARL 0 .  A. NILSSON poses with D r .  E. 
1. Alpen ( c e n t e r ) ,  Head, Bio-Ned Division, 
and ur. L. J. Cole ( r i g h t ) ,  Head, Experi- 
mental Patholagy Brmch.  



CHAPTER V 
% 

SEMINARS -- SYMPOSIA -- CONFERENCES 

MANAGEMENT DEVELOPMENT PROCRAM 

The NRDL Management Development Program continued i n  the format 
developed i n  1963 by the  Commanding Officer and Director .  
ers included D r .  A. Hunter Dupree, Professor of History at  U.C. ,  Berkeley, 
who spoke on 5 March 1965 on “The History of Science i n  the  Federal  
Government.” On 6 May, D r .  Chalmers Sherwin, Deputy Director of Defense 
Research and Engineering (Research and Technology), discussed management 
philosophy and the  system of reporting R&D within DOD. On 15 Ju ly ,  D r .  
W i l l i a m  P. Raney, Special  Asst t o  ASTSECNAV (R&D), paid h i s  f i rs t  v i s i t  
t o  NRDL and was induced to give a seminar on “Washington Today.“ On 24 
November, D r .  F .  J.  Weyl, Deputy of Naval Research and Chief S c i e n t i s t ,  
Om, spoke on “Present S t a t e  and Prognosis on Naval Research.“ 

Outside speak- 

Three more overnight seminars using l o c a l l y  developed case s tudies  
were held at  Treasure Is land i n  March, June and November. 

SCIENTPIC DIWCTOR’S COLLc&UIUM 

On 29 September the  Sc ien t i f i c  Director,  D r .  E .  P. Cooper, pre- 
sented a seminar on h i s  year at  ONR, London; and on 23 November D r .  
Gerald h’. Johnson, LRL, spoke on “Nuclear Explosives i n  Science end 
Industry.  ” 

OTHER SEMINARS 

I n t e r n a l  seminars a t  branch, d iv is ion  and department l eve l s  con- 
Many of the speakers were NRDLers, o thers  were guests from in- t inued.  

dustry and u n i v e r s i t i e s .  Foreign s c i e n t i s t s  who presented seminars here 
during 1965 included D r .  A, H. C. Love, Queen‘s University,  Bel fas t ;  D r .  
L. M. van Putten,  Radiobiological I n s t i t u t e ,  Ri jswijk,  Netherlands; D r .  
Y.  Marcus, Soreq Research Establishment, Yavne, I s r a e l ;  D r  . Borje Larson, 
Gustav Werner I n s t i t u t ,  University of Uppsala, Sweden. 
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NRDLERS ABROAD 

I n  turn ,  NRDL was not o n l y  w e l l  represented abroad a t  internat ion-  
a l  meetings where an act ive pa r t  was taken, but seminars were a l so  pre- 
sented a t  many research establishments and un ive r s i t i e s .  
pa t ion  included - D r .  N .  Ballou, Head, Nuclear Chemistry Branch, from 
16 March - 8 Apri l  attended an AEC meeting i n  London; gave a paper i n  
Salzburg, Austria, a t  the Symposium on Physics and Chemistry, sponsored 
by the  In te rna t iona l  Atomic Energy Agency. He toured Laboratories i n  
Vienna, Seibersdorf,  and the University of Mainz, Germany. M r .  Leonard 
J. Cole, Head, Experimental Pathology Branch, was one of four  Americans 
inv i t ed  t o  speak a t  the IAEA Conference on Radiation and Immune Response 
held 26-28 Apri l  a t  the Chester Beatty Cancer Research I n s t i t u t e  i n  
London, England. H i s  way was paid by the AEC. In June D r .  Ralpn W. 
Brauer, Bio-Med Division, took an ac t ive  r o l e  a t  the  Journees Interna- 
t i o n a l e s  d'Hegatology . In Monaco, he v i s i t e d  the  underwater physiology 
labora tory  headed by French Navy CAPT J. Y. Cousteau a t  the Musee Oceano- 
graphique; and a laboratory a t  La Spezia,  I t a l y .  D r .  E .  C .  F re i l i ng ,  
Head, Physical Chemistry Branch, pa r t i c ipa t ed  i n  a seminar on "Miclear 
Debris" a t  t he  University of Mainz, Germany, and the IAEA Symposium on 
Thermal Dynamics i n  Vienna, Austria.  D r .  Boleslaw Dunicz, Physical 
Chemistry Branch, w a s  an invi ted speaker i n  Moscow, Russia,  a t  t h e  20th 
In t e rna t iona l  Congress of Pure and Applied Chemistry. Attending the 
XXIII In terna t iona l  Congress of Physiology i n  Tokyo, Japan, were D r .  D.  

Major pa r t i c i -  

J.  Kimeldorf, Acting Head, Bio-Med Division; D r .  B. E .  Vaughan, h e a d ,  
Biophyscs Branch, and D r .  Brauer. I n  addi t ion,  D r .  Kimeldorf reviewed 
r a d i a t i o n  research programs a t  t he  University of Kyoto; t h e  University 
of Hiroshima; the University of Nagasaki; and the  Japanese National In- 
s t i t u t e  f o r  Radiological Sciences (Chiba); and the  Atomic Bomb Casualty 
Conunission f a c i l i t y  a t  Hiroshima. D r .  Vaughan proceeded t o  Taigei t o  
d iscuss  a current  collaborative program now underway between NRDL and 
NAMRU-2. D r .  Brauer v i s i t e d  several  Japanese l abora to r i e s  concerned with 
marine biology and oceanography; lec tured  and held consul ta t ions a t  Osaka 
Medical College. CDR N. L .  Wheat and M r .  Ed Leahy, Operations Analysis 
Branch, went t o  Japan i n  November f o r  br ie f ing  requested by CINPACFLT on 
a NRDL'study. 
Nuclear Chemistry Branch, attended a meeting i n  July on "Low Level Radio- 
a c t i v i t y  Measurements" - j o i n t l y  sponsored by I n s t i t u t e  of physics and 
the  Physical Society of Great Br i ta in  - London. 

D r . - E .  P. Cooper, S c i e n t i f i c  Director and &. L. R .  Bunney, 

MEETINGS AT NRDL 

Major meetings held a t  NRDL during 1965 included: A technical  
presentat ion of a thermoluminescent dosimetry system developed by MBE 
(Manufacture Belge de Lampes e t  de Materiel Electronique, S/A, Brussels, 
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Belgium), on 15 January. 
Apr i l ,  exploring the  subject of na t iona l  recovery following a nuclear 
w a r .  DASA-sponsored T r i p a r t i t e  Technical Cooperation Panel, Subpanel N 1  
(Biomedical), 10-12 May (and concluded the  meeting on 13 May a t  the  Love- 
l a c e  Foundation i n  Albuquerque, N.  M. Five-day seminar f o r  contractor  
personnel and representa t ives  from BUSHIPS and BUDCCKS a c t i v i t i e s  i n  
Apr i l  t o  t r a i n  the  pa r t i c ipan t s  t o  supervise the  co l l ec t ion  of the  da ta  
required t o  make predic t ions  of f i r e  hazards caused by the  effects of 
nuclear weapons. Inter-Laboratory Committee on Edi t ing  and Publishing, 
12-13 August. Third annual Navy-wide Workshop i n  Biological Sciences 
Research, 11-15 October - theme, " In te rd isc ip l inary  Approaches t o  Bio- 
l o g i c a l  Sciences Research." 
Carpenter,  was t h e  banquet speaker. 
18-21 October, held f o r  the  purpose of reviewing Navy NWER programs. 
9 November NRDL hosted a meeting of the  Committee on Naval Medical Re- 
search o f  the  National Academy of Sciences-National Research Council, 
meeting on the  West Coas t  t o  review t h e  biomedical programs of the  Navy. 
Bone Marrow Transplantation and Radiation Recovery Conference, 2-3 De- 
cember, reviewed cur ren t  research findings i n  chemical pro tec t ion  against  
r ad ia t ion  in ju ry  t o  animals; bone marrow t ransplan ta t ion ,  a f t e r  i r r ad ia -  
t i on :  immunotherapy of tumors and other  areas r e l a t ed  t o  experimental 

Radiological Countermeasures Symposium, 12-13 

America's f i rs t  astronaut/aquanaut, CDR Scot t  
Nuclear Weapons Ef fec t s  Symposium, 

On 

-. 
hematology. Council of Librarians,  West Coast Navy Laboratories,  9-10 
December. DASA Nuclear In iLia l  Radiation Yeasuremenu 'Norking Group, 
8-9 December. Objective of t h i s  group i s  LO assemble informacion on the 
degree of accuracy o f  current  i n i t i a l -  rad ia t ion  measurements and predic- 
t i o n  techniques. 

MEETINGS ELSEWHERE I N  THE U.S.A. 

Top management attended the Federal  Personnel Council meeting i n  
Son Francisco on 10 March when Dr. Theodore M i l l s ,  Director ,  Yale Uni-  
v e r s i t y  In te rac t ion  Laboratory, spoke on "Current Research i n  the Be- 
hav io ra l  Sciences and Its Effect Upon Management Concepts." 
D r .  Tompkins, and e i g h t  members of the technical  s t a f f  t rave led  t o  Albu- 
querque, N.  M., on 22 April  fo r  an a l l  day spec ia l  b r i e f i n g  on nuclear  
warfare.  Also i n  Apri l  NRDL management attended the  H. Rowan Gather 
l e c t u r e s  a t  U. C .  by Charles J. Hitch, Asst Sec Def (Comptroller), on 
"Decision Making i n  the DOD." On 12 Ju ly  CAPT Campbell was seminar moder- 
a t o r  f o r  the  session on Laboratories as pa r t  of the  BUSHIFS annualmanage- 
ment course a t  FG School, Monterey. Throughout the year Senior S c i e n t i s t  
meetings were attended by e i t h e r  D r .  Cooper or D r .  Tompkins. 
November, D r .  Cooper and CAPT Campbell attended the BUSHIFS Research and 
Development Council meeting a t  the Underwater Sound Laboratory a t  New 
London, Connecticut. Most major s c i e n t i f i c  meetings applicable t o  d i sc i -  
p l i n e s  represented a t  NRDL were act ively par t ic ipa ted  i n  by Laboratory 
personnel. 

CAPT Campbell, 

On 15-16 
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Panel discussion underway during Workshop i n  t he  
Biological Sciences. This was j u s t  one of many 
seminars and workshops held a t  NRDL during 1965. 



SIGMA X I  CLUB OF NFiDL 

A t  the  annual dinner meeting of the  Sigma X i  Club of MRDL on 23 
January, D r .  R .  C .  Mil ler ,  former Director of the  Cal i forn ia  Academy of  
Sciences, discussed "History of Science i n  San Francisco." 

During 1965 f i v e  NRDLers were formally i n i t i a t e d  i n t o  the  Society 
of Sigma X i  a t  U. C .  They were Drs. E. C .  Evans I11 and Boleslaw h n i c z  
and Messrs. E. Schleiger,  R .  Rudkin, and G. L. Abbott. S i m a  and Xi are  
the i n i t i a l s  of two Greek words meaning "companion i n  zealous research." 
Elect ion is on the  b a s i s  of demonstrated i n t e r e s t  and capaci ty  f o r  r e -  
search. 

On ll October, Sigma X i  Lecture on the Pac i f ic  Tour, Fall l s 5 ,  
was given by D r .  J e r r o l d  Meinwald. 
genet ic  Studies  of Arthropod Secretions:  Some New Directions i n  the  
Chemistry of Natural  Products ." 

H i s  subject  was "St ruc tura l  and Bio- 

1965 o f f i c e r s  were D r .  W. E. Kreger, President;  D r .  John Ainsworth, 
President-Elect; and Mrs. Kathy E l l e t t ,  Secretary-Treasurer.  
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CHAFJZR V I  -- TRAINING 

CIVILIAN PERSONNEL 

One hundred twelve s t a f f  members attended courses i n  technica l  and 
management subjec ts  during 1965. 
and department l e v e l s  continued. 

I n t e r n a l  seminars a t  branch, d iv is ion  

Under t h e  Laboratory support program, seven individuals  pursued 
work a t  t h e  graduate l eve l  and two a t  the undergraduate l e v e l .  
F. b o n g  and Dr. W i l l i a m  C .  Schieve returned from t h e i r  year-long post-  
doc to ra l  programs a t  the Free University of Brussels.  Mr. R .  N .  Anderson 
and M r .  Eugene N. Benton completed t h e i r  one yea r ' s  residence a t  Stanford 
Universi ty  i n  doc tora l  sbddies. M r .  W i l l i a m  J. Parker and M r .  R .  D. Phi l -  
l i p s  began s i m i l a r  programs a t  U. C .  

Dr. George 

Representatives from NRDL par t ic ipa ted  i n  the  A r m y ' s  Personnel 
Management f o r  Executives Frogram and i n  the Leadership Laboratory f o r  
R&D Supervisors ,  and the  OIR I n s t i t u t e s .  

The 1965 Summer Employment Program included seven f acu l ty  members, 
30 graduate s tudents  and 20 undergraduates. 

The l a s t  of the  students working under the  Co-op Program, Michael 
Kay, received n i s  B. S. degree a t  U. C .  i n  June. Af te r  working a t  NRDL 
during the  summer, he entered MIT i n  September a s  a graduate s tudent .  

I n  December M r .  Keith Kaulum was elected Chairman of the  Education- 
a l  Committee, replacing D r .  J. M. Ferguson. 

A t  the  San Mateo County Career Guidance Center 3-7 M a y ,  Mr. Clay 
p. But le r  and Dr. C .  Sharp Cook were Science i n  Government representa- 
t i v e s .  During the  week 14,000 high school students attended. 

OFFICER PERSONNEL 

I n  1965 there  were 26 Navy o f f i ce r s  assigned t o  NRDL and four from 
o the r  s e rv i ces ,  i . e . ,  one Marine; one A i r  Force; and t w o  m. There 
were two Research Clerkships attached t o  the  Laboratory t h i s  year .  There 
were 116 o f f i c e r  TAD orders issued. 
l o c a l  colleges,  and present ly  there  are two o f f i ce r s  of t h i s  group attend- 

An average of 11 o f f i c e r s  attended 
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ing under BuMed sponsorship. 
from the  College of Sen Mateo. 
Orientat ion Course a t  COMTRAPAC. 
Publications Course a t  F lee t  Training Center, Pac i f ic .  There were f ive  
Naval o f f i c e r s  promoted, one Marine o f f i c e r  and one Army of f i ce r  promoted. 
There was one of f icer  r e t i r e d  wi th  20 years  ac t ive  honorable service.  
There were f i v e  o f f i ce r s  separated. 
o f f i c e r s  were received. E i g h t  former m i l i t a r y  NRDLers are  present ly  
serving i n  Vietnam or adjacent waters. 

One o f f i c e r  received h i s  assoc ia te  degree 
Two o f f i c e r s  attended the  Nuclear Weapons 

One o f f i c e r  completed the  Registered 

Thirty-two act ive duty f o r  t ra in ing  

ENLISTED PERSONNEL 

Although there  were only 25 e n l i s t e d  personnel on board a t  yea r ' s  
They received 12 end, NRDL averaged 27 enl i s ted  personnel f o r  the  year. 

hours of classroom ins t ruc t ion  monthly. 
n e l  advanced i n  r a t ing  fo r  the year;  th ree  enl is tments ;  four en l i s t ed  
men separated and two t ransferred t o  t h e  F l e e t  Reserve, Class F-6 a f t e r  
19 years  and 6 months act ive honorable serv ice .  There were no en l i s t ed  
ret i rements ,  the Laboratory t ransfer red  11 e n l i s t e d  personnel and r e -  
ceived seven men for  the year. Forty-two s e t s  of e n l i s t e d  TAD orders 
were issued during 1965. 
col leges  i n  the l o c a l  area throughout the year ,  th ree  a t  t h e i r  own ex- 
pense, and two under the sponsorship of  the Chief, Bureau of Medicine and 
Surgery. There were 17 U. S. Armed Forces I n s t i t u t e  courses issued and 
completed by en l i s t ed  personnel. 
Diploma through USAFI. There are  present ly  no en l i s t ed  personnel attach- 
ed without a h igh  school education. 
S t a t e  Laboratory Technologist License w i t h  the  held of  USAFI. 
were 12 first  year college l eve l  equivalency t e s t s  administered and seven 
End of  Course t e s t s  administered. 

There were three  e n l i s t e d  person- 

There were f i v e  en l i s t ed  personnel enrolled i n  

One l o c a l  m a n  received h i s  H i g h  School 

One man received h i s  Cal i fornia  
There 
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VI1 -- VISITORS 

NRDL is a research a c t i v i t y  of unusual i n t e r e s t  t o  many s c i e n t i s t s  
and mi l i t a ry  men from both t h i s  country and abroad. 
people v i s i t e d  here during 1965. 
3,175 were professional  personnel. Breakdown on t h e  others  is:  San 
Francisco Bay Naval Shipyard serv ices ,  921; outs ide s a l e s  and services, 
4,760; interviews and personal guests,  889; and tours ,  1,207. 
t o t a l  number of v i s i t o r s ,  215 were Foreign Nationals. 
t inued h i s  pol icy of tours  of the Laboratory f o r  one science student 

from F'elton Junior High School. 
has a high percentage of minority group youths. The Laboratory's invi-  
t a t i o n  was a de l ibera te  attempt t o  a s s i s t  i n  the  motivation of minority 
group youth toward continued education and careers  i n  science. Several 
groups of Reserve Officers v i s i t e d  NRDL as d id  74 Midshipmen embarked on 
USS Wedderburn and USS Hopewell. 

A t o t a l  of 10,952 
A s  i n  1964, approximately one th i rd  or  

Of t h e  
CAPT Campbell con- 

. group per month. The December group comprised an advanced b i o l o a  c l a s s  
The school, located near the  Laboratory, 

Among the la rge  number of v i s i t o r s  were the Honorable W i l l i a m  J.  
Howard, Assistant t o  SecDef (AE); D r .  Ea r l  T .  Hayes, Assis tant  Director 
(Materials)  DDR&E; D r .  Edward M. Reil ley,  Assis tant  Director (Research) 
DDR&E; D r .  Thomas E.  Phipps, Deputy Assistant Director (Research), Office 
of DOD (R&E); L t .  Gen. H. C .  Donnelly, USAF, Director,  DASA; Col. G .  L. 
Hekhuis, MC, USAF, Surgeon, DASA; D r .  L.  A. Wood, Director Physical Sci-  
ences, A. F. Office of Sc ien t i f i c  Research; CAPP Warfield C.  Bennett, Jr., 
USN, Assistant Chief, BUSHIFS (R&D); D r .  Gustave J. Danunin, MD, Professor 
of Pathology, Harvard University School of Medicine, a l so  president of 
t h e  Armed Forces Epidemiological Board; Dr. Robert W. Stephenson of NOTS, 
China Lake; D r .  Riley D. Housewright, S c i e n t i f i c  Director ,  and D r .  E .  K.  
Wolfe, Director,  Technical Services, Army Biological Laboratory, F t .  
Detrick, Md.; D r .  I. W .  Gibby, Senior Biological S c i e n t i s t ,  Op. Research 
Group, Army Edgewood k s e n a l ;  Brig. Gen. W. B. Kyle, U S E ;  D r .  A .  L. 
Slafkowsky, Col. F. B. Nihart, R&D Office, H q .  USMC; M r .  James C a r r ,  
former Under Secretary of In t e r io r  and now General Manager, Public U t i l i -  
t i e s  Commission, San Francisco; M r .  S. W. Burr iss ,  Vice-president and 
General Manager, Lockheed Missiles and Space Co., Sunnyvale; Messrs. R .  
Dicker and G .  P. Dix, Space Nuclear Propulsion Office; D r s .  Wright Lang- 
ham and L. D .  P. King, Los Alamos Sc ien t i f i c  Laboratory; D r .  E. Fish, 
Oak Ridge National Laboratory; C o l .  M. W. Niemann, USA, DASA, Sandia 
Base; D r .  J. C.  Spendlove, Deseret Test Center ;  D r s .  P. C .  Bradley and 
R .  G .  Geves, Hq. NASA; D r .  P. King, ONR, London; D r .  R. D .  Reid, O N R ,  
Washington; D r .  A. B. Callahan, ONR Branch Office, San Francisco; Drs. J. 
P. Cah i l l  and H. P. Gauvin, AF Cambridge Research Laboratory; Mr. Murray 
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Poller ,  Office, Under SecNav; Col. H. C .  Rose, USAF, Hq. DASA; Col. Ivan 
C.  Atkinson, W A F ,  Office Aerospace Research; D r .  Alan M. Shefner, Direc- 
t o r ,  L i f e  Sciences, I l l i n o i s  I n s t i t u t e  of Technology; M r .  Sam Mtbbard, 
OBS S a t e l l i t e  Division, BUWEFS; CAPT R.  A. Ph i l l i p s ,  MC, USN, NAMRU #2, 
Taipei;  D r .  T.  B. Taylor, Deputy Director,  DASA ( S c i e n t i f i c ) ;  Professor 
R .  D.  G r a y ,  Director ,  Indus t r ia l  Relations Center, Cal i fornia  I n s t i t u t e  
of Technology; Cols. J. T.  BreMen, K ,  USA, and C .  L. Hansen, MC, US#, 
AFFRI; D r .  C .  White, Lovelace Foundation; D r .  W i l l i a m  Gay, National 
I n s t i t u t e s  of Health; Mr. W.  R. Graham, Auditor General; Drs. S. G .  
Gorbics, A. E .  Nash, R .  G .  I. Allis, and R .  B .  Theus, NRL; CAPT P. F.  
Dickens, Jr., MC, USN, former NRDL Medical Director now s ta t ioned i n  Wash- 
ington; CAPP Roger Preston, USNR-R ( f i rs t  Officer i n  Charge a t  NRDL), LRL, 
Livermore; Mr. C .  S. Manning, Associate Technical Director ,  NEL; Mr. James 
Kerr, CCD, Washington; D r .  Arthur R .  von Hipple, Professor Emeritus MIT 
w i t h  NRL; former NRDLer Walmer E .  Strope, Assistant Director f o r  Research, 
CCD; RADM C.  D. Riggs, MC, USN, BUMED Survey Team, Inspector General Medi- 
c a l ;  Col. F. J. Frese,  Jr.,  MC, USAF, Chief Bio-Med Sciences Division 
Office, DDR&E. 

Qui te  a number of BUSHIFS representatives were here during 1965. 
They included CAPT M. L. Pi t tman,  Jr., USN; D r .  John Huth; C A P I  G. G .  
Molumphy, USN (Ret ) ;  former NRDLer LCDR T. W. Robinson, USN; and Messrs. 
B. B. Rosenbaum, H. L .  Johnson, Jr., C .  Hollander, R .  G .  Attmore, L. E. 
S i e f f e r t ,  and R.  F .  Gates. 

A s  p a r t  of a 10-day tour of defense i n s t a l l a t i o n s  sponsored by the 
Department of Defense, on 27 September members of the National press ,  
members of t h e  Defense Advisory Committee on Women i n  the  Services, and 
escor t  o f f i ce r s  v i s i t e d  NRDL. (See page 60). 

Visitors from other countries included D r .  Scot t  Russell ,  Agricul- 
turalExperimenta1 Stat ion,  E N G W ;  D r .  F. Morgan and M r .  K. Johnson, 
Admiralty Weapons Research Establishment, U. K . ;  D r .  I r a  K. Walker, D i -  
r ec to r ,  Department of Sc ien t i f ic  and Indus t r ia l  Research, N E W  ZEALAMl; 
Drs. Jean Candiot t i  and Jacques Colin, FRENCH AEC; D r .  Hans aufm Kampe, 
Ministry of Defense, Federal Republic of GERMANY; M a j .  Gen. Marcel J .  
Vranckx, President of Coordination Committee f o r  S c i e n t i f i c  Act iv i t ies ,  
BELGIAN Army; Maj. Jean L. L. Wallef, Mili tary Studies  Center, BELGIUM; 
BRITISH Midshipmen v i s i t i n g  S. F. on the  HMS Kent; M a j .  Henri Bovagne 
and M a j .  Raphael h a t ,  Laboratoire Central  de L'Armement, FRANCE; D r .  D .  
F .  Downing, Sc ien t i f i c  Liaison Officer,  BRITISH Embassy, Washington, D . C . ;  
D r .  Francis Duhamel, Director, Ministry of Health and Safety, (FRENCH 
AEC) ;  VADM Chang Soong, Commandant, F i r s t  Naval District ,  and AADM Jen 
Tao Chang, Commander Surface Force, CHINESE Navy; 33 o f f i ce r s ,  each from 
a d i f fe ren t  country, who were touring U .  S. Navy Ins t a l l a t ions  a s  invi ted 
guests of t he  CNO on h i s  "Annual Tour of Foreign Naval Attaches"; CAPI 
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Tetsuro Motomura, Chief, Administrative Section, JAPANESE M a r i t i m e  S e l f  
Defense Force; GERMAN sc i en t i s t s  under t h e  au thor i ty  and sponsorship of 
t h e  Mutual Weapons Defense Data Exchange Program. The senior  member of 
the  group, D r .  Heinrich Dinkloh, represented t h e  Defense Ministry of t i e  
Federal  Republic of GERMANY; D r .  Otfr ied Messerschmidt represented the 
Radiological I n s t i t u e  of Freiburg; and D r .  Walter Keiderling represented 
the  University of Freiburg Medical School; D r .  Shigetoshi Antoku, Re- 
search I n s t i t u t e  f o r  Nuclear Medicine and Biology, HIROSHIMA; M r .  Serge 
Poulard and M r .  Jean Heugas, FRENCH AEC; Mr. G.  A. Vilhelm Sjo l in ,  Royal 
I n s t i t u t e  of Technolow, STCCKHOLM; D r .  Manual W .  Wik, Sc ien t i f i c  Officer, 
SWEDISH Research I n s t i t u t e  of Defense; M r .  A. F. Honnor, head of the  
Ministry of  Defense ( N a v y )  Ship Department responsible for  ship radio- 
l o g i c a l  and toxicological  defense i n  t h e  ROYAL NAVY; D r .  Arthur Rorsch, 
member of the  Medical Biological Laboratory of RVO-TNO (NETHERLANDS Gov- 
ernment Applied Science Organization) i n  RIJSWIJK; D r .  (Major) Helmut 
Mitschrich, GERMAN Federal Anned Forces College, MUNICH (out of a three- 
month tour i n  radiobiology at AFRRI); and D r .  Peter  Alexander, Chester 
Beatty I n s t i t u t e ,  LONDON, ENGLAND. 
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REPUBLIC OF CHINA VISITORS 

CAPP D. C .  Campbell, 
Commanding Officer and 
Director ,  i s  host to 
two admirals of the  Re- 
publ ic  of China -- VADM 
Chang-Chih Soong (center), 
Commander, 1st Naval 
D i s t r i c t  Chinese Navy, 
and RADM Jen-Yao Chang, 
Commander, Surface Force, 
Chinese Navy. 

FOREIGN NAVAL ATTACHES at NRDL on 17 Feb. l i s t e n  t o  D r .  C .  L.  
Wingate, a physicis t  i n  the Radiological Physics Branch, ex- 
p l a i n  the use of a method f o r  measuring t racks  i n  nuclear 
emulsions. This is p a r t  of a pro jec t  on heavy ion dosimetry. 
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TOP BELGIAN R&D SCENTIST -- Major General M.  J. Vranckx, one of Belgium's 
t op  men i n  S c i e n t i f i c  Research and Development, v i s i t e d  NRDL on 30 June 
as p a r t  of h i s  o r i en ta t ion  tour of U .  S .  s c i e n t i f i c  end research a c t i v i -  
t i e s .  He i s  President of Coordination Committee for  S c i e n t i f i c  Activi- 
t i e s ,  Director of Military Research Center, a member of the  W O  Defense 
Research Directors  Committee, and has served i n  other  NATO s c i e n t i f i c  
and technica l  pos i t ions .  
of Defense Co-operative Research and Development discussions.  

He i s  Belgian representat ive f o r  the U .  S. Dept 

MARINE CORPS GUESTS -- Major Clatworthy, USMC, Marine Corps Liaison O f -  
f i c e r  at NRDL, presents  a l igh tn ing  block memento t o  Brigadier General 
W .  B .  Kyle, USE, Deputy Chief of S t a f f  f o r  Research, Development, and 
Studies ,  Headquarters, U .  S. Marine Corps. The General was accompanied 
t o  NRDL by h i s  S c i e n t i f i c  Advisor, D r .  A.L.  SlafXosky ( l e f t ) , and  Colonel 
F .  B. N i h a r t ,  USMC, Assistant f o r  Studies .  



NATIONAL PRESS WOMEN & DACOWITS ON TOUR -- A s  p a r t  of a 10-day tour of 
defense i n s t a l l a t i o n s  sponsored by the Department of Defense, on 27 Sept.  
members of the  na t iona l  press ,  members of t h e  Defense Advisory Committee 
on Women in the  Services,  and escor t  o f f i c e r s  v i s i t e d  NRDL. Members are  
appointed t o  DACOWITS by the Secretary of Defense f o r  th ree  years.  
Limited t o  a nat ional  membersnip of 50 ,  DACWITS is composed of c iv i l i an  
women who are  selected as members on the b a s i s  of t h e  outstanding reputa- 
t i o n s  i n  business,  a profession, o r  public se rv ice ,  and t h e i r  records of 
c i v i c  leadership.  



VI11 -- RIBLICITY 

MAGAZINES AND PRESS 

Featured i n  the press were accomplishments a t  NRDL -- mador person- 
ne l  changes, conferences, awards, the  Scientist-in-Residence Program, e t c .  

BUSHIPS JOURNAL car r ied  an a r t i c l e  about NRDL i n  the  June issue 
under "History of the Bureau of Ships R&D Research and Development Labo- 
r a to r i e s " ;  and the August i s sue ,  D r .  Alpen's Guggenheh Fellowship ( see  
page 48) was covered; and i n  December, an a r t i c l e  by L. D. F rys l i e .  

OIR NEWSLETTER fo r  May a lso  covered D r .  Alpen's award; and also 
Scientist-in-Resident,  D r .  Klaus Becker. O I R  WHAT'S NEW I N  INCENTIVE 
AWARDS (May-June i s sue )  had a write-up on the  Superior Civilian Service 
Awards (page 4 7 ) .  

Gaynor "Bud" Abbott (president of the  MIDL Flying Club) flew a Cherokee 
140 t o  NOTs China Lake i n  2 hours 20 minutes, i n  cont ras t  t o  a three-day 
venture t h a t  it would have been v i a  commercial a i r l i n e s  with the neces- 
sary t r ans fe r s  and wait  fo r  schedules. 

PIPER PILOT NO. 6, 1965 t o l d  how phys ic i s t s  Norman Alvares and 

THIS WEEK I N  SCBNCE i n  the 3 January ed i t i on  of the New York 
Times credi ted  D r .  C .  Shrap Cook w i t h  ca lcu la t ions  on meteor c r a t e r s .  
And NATURE (May) car r ied  an a r t i c l e  on the  529-pound meteorite a t  Goose 
Lake, Cal i fomia ,by  D r .  Cook and M r .  C .  P. But ler .  

SClENCE (26 February) highlighted work at  NFiDL under sect ion on 
"Meetings" i n  which there  i s  a descr ip t ion  of the 2nd AEC Conference on 
Radioactive Fal lout .  

National Press women who v i s i t e d  NRDL on 27 September (see page 
58) represented National Geographic; Time; Mademoiselle; Cosmopolitan; 
Seventeen; The Washingtonian; Afton-Bladet, No. 1 Swedish Newspaper; 
Afro-American Newspaper Syndicate; World Wide Press Features;  Women's 
News Service; Pageant and In ;  fiesday; Knight Syndicate; and D e a l  Fubli- 
cat ions.  
i n  a l a rge  number of t h e i r  publ icat ions.  

The representat ives  planned t o  f ea tu re  NRDL women s c i e n t i s t s  
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BADIO/TV 

On the  evening of 4 November KCSM, the San Mateo education& Tv 
s t a t i o n  fea tured  the  v i s i t  t h a t  day of students from Aragon High School 
t o  NRDL. 

On 22 November the award-winning TV show, ASSIGNMENT FOUR (KAON- 
TV, Channel 4) telecast a documentary f i lm  on Bay Area Navy 1ns ta l la . t ions  
and t h e i r  contr ibut ion t o  the a rea  economy wi th  some s lan t ing  toward the 
cur ren t  support t o  the  Vietnam e f f o r t .  The C.O. & Director w a s  shown in 
a b r i e f  i n t e r lude  shot  i n  h i s  o f f i ce .  Other shots  showed science i n  
progress through t h e  NRDL l abora to r i e s  fo r  a port ion of  the  f i lm  having 
t o  do with t h e  research aspect of Navy mi l i t a ry  plans and operations.  

On 2 December KCBS-radio carrier2 a tape recorded interview with 
Mr. L. J. Cole, Head, Experimental Pathology Branch and chairman of  t h e  
conference held a t  NRDL 2-3 December on Bone Marrow Transplantation and 
Radiation Recovery. 

MOVIES 

A photographic crew from Reid H. Ray Film Indus t r ies  was  on board 
This 17-18 June t o  shoot s t r i p s  for "The Navy Medical Student Program." 

motion p i c t u r e  i s  being produced f o r  B M D  by the  Navy Photographic Center 
and t h e  Film Production Division, U. S .  Naval Medical School, Bethesda, 
Md. 

On 18 October CDR P. J. Fagan and M r .  R. Gununerson of Om's NARAD 
Office,  accompanied by CDR I. E ,  Hansen, OPNAV, stopped by t o  check on 
NARAD f i l m  p o s s i b i l i t i e s  for  some Signal  Corps footage taken fo r  Mu)L 
a t  the cold weather washdown experiments i n  Newfoundland e a r l i e r  i n  the  
year .  
c i f i c  "shots" t o  be used in a research f a c i l i t y  f i lm  sequence. 
Hansen's v i s i t  had t o  do with budgetary planning fo r  a possible NARAD 
f i l m  on the  STOPS pro jec t .  

The v i s i t o r s  a l s o  looked a t  t h e  NRDL Cyclotron and prescribed spe- 
CDR 
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M -- MISCELLANEOUS 

FEDERAL CAMPAIGN I N  1965 -- The Federal Campaign (27 Sept.  - 1 Oct.) com- 
bined the  annual United Bay Area Crusade with the twin  Federal  cha r i ty  
campaign (heretofore held i n  win ter ) ,  and NRDLers were to ld  t h a t  they 
would be a.sked t o  give only once fo r  the next 12 months. 
c ipat ion of 915 yielded $5,186.59. 
the t o t a l  amount was  16% over 1964, but as more agencies were covered, 
the  amount t o  each agency was l e s s .  

SWEARS SON I F T O  NAVY -- LT H. R .  Schoolcraft, SC, USN, Head, Logis t ic  
Support Division, on 30 September swore h i s  son Brian, 20, i n to  the Navy 
i n  the same room a t  t h e  old Federal Office Building where he w a s  sworn 
i n  on 10 April  1941. 

WOMEN AT MiDL -- Women are about 22% of the whole of NRDL. 
age i n  the S c i e n t i f i c  Department is j u s t  over 18%. 
Ph.D.'s. There are three  Wave o f f i ce r s  on ac t ive  duty; two Commanders 
and one Lieutenant. 
the GS-14 l eve l  (highest  r a t ings  west of the Mississ ippi) ;  two a t  the 
GS-13 l e v e l ,  and seven a t  G S - E .  

TOYS FOR TOTS -- On 17 December NRDL's three Women Officers  hosted a 
Christmas luncheon f o r  the 65 Women Naval Off icers  s ta t ioned  at  18 a c t i -  
v i t i e s  i n  the  END. The Marine Corps' Toys f o r  Tots Program was the 
benef ic ia ry  of t i e  mound of toys brought by t h e  guests .  

"WE" CHRISTMAS LUNCHEON -- Continuing the t r a d i t i o n  of an annual Chris t -  
mas luncheon, Women Employees of NRDL (WE)  held a f e s t i v e  holiday lunch- 
eon with exchange of g i f t s  on 15 December. 

ANOTHER FLEAMARKET SALE -- As i n  previous years ,  the Welfare and Recrea- 
t i o n  funds were replenished from a Fleamarket sale held 6-10 December. 
Proceeds t o t a l  $108.60. The We1 & Rec sponsored p icn ic  was held on U 
September -- a cruise  of the Bay and a day a t  Angel I s land .  
par ty  was not held tinis year,  but tournaments were sponsored f o r  go l f ,  
bowling, f i sh ing ,  and tennis .  

SOFTBALL VICTORY ( ? )  FOR OFFICERS -- The annual Mi l i ta ry  picnic  was held 
e a r l y  i n  September, a l so ,  and featured the annual s o f t b a l l  game between 
Officers and Enl is ted Men. Enl i s ted  Men, 8; Off icers ,  4.. . . 
a c l e a r  cu t  victory f o r  the o f f i ce r s  s ince i n  previous years the score 
has been i n  the neighborhood of 40 t o  0 i n  favor of the Enl i s ted  Men: 

Overall p a r t i -  
According t o  Chairman Martha Olson, 

The percent- 
Three women have 

(Several  are i n  reserve s t a t u s . )  Two women are  a t  

A Christmas 

The score: 
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