




. 

PREFACE 

This second annual r epor t  of the U. S.  Naval 

Radiological Defense Laboratory descr ibes  the high- 

lights of the Laboratory's operation during the fiscal  

year  1 July 1953 to 30 June 1954. 

The repor t  outlines the main course  o f  l abora -  

tory r e sea rch  in basic and applied science,  and the 

participation by the Laboratory in special  projects.  

It a lso descr ibes  the se rv ices  and facilities in sup- 

port  of the scientific programs.  
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Rear Admiral W. D. Leggett. Jr. ,  Chief of the Bureau of Ships, Exchanges Greetings 
With Department, Division. and Branch Heads of the Laboratory While on an Inspec- 

tion Tour in  May 1954. 
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MAJOR DEVELOPMENTS DURING THE FISCAL YEAR 1954 

Operation CASTLE, occurring during the spring of 1954, dominated 
This oper- the Laboratory's  scientific program f o r  the f iscal  year 1954. 

ation was a culmination of many aspects of the program that had been 
developed since the Laboratory was instituted. It brought into focus the 
importance of the Laboratory's  work i n  radiological defense and set  the 
stage for more  intensified and definitive work in this field. Par t ic ipa-  
tion in this field operation gained much data needed for  the continuation 
of the entire Laboratory program. 

The Research and Development Program was allocated in i ts  var i -  
ous  par t s  among the Scientific Divisions according to their  special  fields 
in the broad radioiogical problem. 

The Chemical Technology Division was most  directly concerned 
with the work in the field done under Operation CASTLE. 
ment and testing methods, including air  and fog samplers ,  f i l t e rs ,  and 
tes t -s i te  laborator ies ,  were devised to adapt previous laboratory findings 
to actual field conditions. The Division, in evaluating the radiological 
hazards  resulting f rom fall-out, further defined the fall-out pat tern and 
determined decay r a t e s  of gamma fields and densities of aerosols .  
Proof-testing of countermeasures f o r  ships confirmed the effectiveness 
of the "washdown" system. At the Laboratory, the Division continued 
investigations of radiolagical problems, such a s  those ar is ing f rom the 
interference of work and operations by contamination, and the use  of 
t r a c e r s  in industry. Special emphasis was on contamination-decontami- 
nation. 
lished on the bas i s  of Liquid hold-up capacity. 
decontaminability of these mater ia ls  was founded on washing methods, 
with spray  washing more  efficient than immersion. 

Special equip- 

An o rde r  of contaminability of s t rac tura l  mater ia l s  was estab- 
A correlat ive o rde r  of 

The Biological and Medical Sciences Division progressed in investi- 
gations of various biological effects of ionizing radiation such a s  delayed 
effects, internal contamination, post-irradiation decrease  of res is tance 
to infection, post-irradiation psychomotor functions and levels of activity, 
the influence of shielding, and post-irradiation therapy. Thermal  effects 
also were studied, alone and in combination with nuclear radiation. 
special  assignment fo r  this Division was i ts  contribution of staff members  
to the medical team that observed and treated mil i tary personnel and 
natives who were involved in the fall-out of radioactive contamination 
in the Marshall  Islands. 

A 

The Nucleonics Division established the accelerator  r e sea rch  
facility f o r  the Laboratory and made considerable progress  in the par t ic-  
ular  nuclear radiation investigation a reas  of gamma- ray  charac te r i s t ics  
and shielding, nuclear radiation dosimetry and damage, and radiation 
detection and measurement  by means of dielectric solids. Radiac 
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development and evaluation emphasized neutron detectors ,  high-efficiency 
gamma detectors,  photoelectric counters,  high-range beta-gamma survey 
instruments. circuit  development, beta-decontamination instruments,  
radiac dosage indicators, air and water  monitors,  and directional gamma 
detectors. 
effects on iner t  materials.  

Thermal studies were made in physical charac te r i s t ics  and 

The experimental data and findings derived f r o m  the work of these 
Divisions were applied to specific and increasingly complex mili tary 
problems in radiological defense by the Mili tary Evaluations Group. 
During the year ,  these problems involved decontamination of s t ructures ,  
prediction of gamma radiation f rom fall-out, evasive maneuvers for 
ships, passive defense and damage control for sho re  installations, 
thermal  hazards,  and problems attendant on nuclear attack on advance 
bases.  

Despite some fluctuation in the funds allocated fo r  investigations at 
the Laboratory, such sponsors as the Armed Forces  Special Weapons 
Project ,  the Bureau of Ships, and the Bureau of Supplies and Accounts 
increased the total of funds for Laboratory operations for the year  by 
about 20 pe r  cent over  that of last year.  
tion, operation, and budgeting of the Laboratory were  studied and prepa- 
rations were  made to adjust to anticipated modifications of policy and 
procedure. 

Improvements in  the organiza- 

In July 1953, CAPT Robert A. Hinners, fo rmer ly  with the Armed 
Forces  Special Weapons Project,  succeeded CAPT Joseph L. Bi rd  as 
Director of the Laboratory. 
$8,000,000 building, which is to be the new home of the Laboratory, w a s  
sufficient to make it one of the i tems o€ speciaI interest  during the visits 
of Dr. Donald A. Quarles, Assistant Secretary of Defense for Research 
and Development, in November 1953, ADM Robert B. Carney, Chief of 
Naval Operations, in May 1954, and RADM Wilson D. Leggett, Jr . ,  
Chief of Bureau of Ships, also during May 1954. 

P rogres s  in the construction of the 
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PROJECTS OFFICERS ACTIVITIES 

The Projects Officers a t  the Laboratory this year included repre-  
sentatives of the Bureau of Ships, Bureau of Medicine and 'Surgery, 
Bureau of Yards and Docks, Bureau of Aeronautics, Bureau of Supplies 
and Accounts, Armed Forces  Special Weapons Project ,  and Office of 
Chief of Engineers (Army). These officers monitored the r e s e a r c h  
projects sponsored by their  respective agencies and per formed liaison 
duties, and in addition they frequently contributed laboratory r e s e a r c h  
work according to their specialized technical skil ls  direct ly  to the Labo- 
ra tory program in special operations, experimental research ,  and eval- 
uation studies. 

The BuShips Projects  Officer, besides performing the responsibil- 
i t ies  of coordinating the efforts of this group as Projects  Director,  p re -  
pared the final repor t  on Project  6.24 of Operation UPSHOT-KNOTHOLE. 

The BuMed Pro jec ts  Officer also held the positions of Radiological 
Medical Director and Acting Head, Biological and Medical Sciences 
Division for the grea te r  p a r t  of the year. 

The development of radiac instruments, including miniature com- 
ponents, and their preparation for use in Operation CASTLE employed 
the aid of the BuShips Electronics Pro jec ts  Officer. 

The OCE(Army)-AFSWP Projec ts  Officer took p a r t  in a combined 
OCE(Army)- Chemical Corps decontamination study during Operation 
CASTLE and coordinated a joint BuDocks-OCE (Army) effort ,  the prep- 
aration of the manual Radiological Recovery of Fixed Military Installa- - tions NavDocks TP-PL-13 which was published in November 1953. 

A preliminary evaluation of protective shelters was made by the 
two BuDocks Pro jec ts  Officers. 
of the Biological and Medical Sciences Division on an investigation of 
the recovery of X-irradiated animals. 

One of them also worked with members  

The BuAer Pro jec ts  Officer acted in liaison with a number of fleet 
and field activities in regard to various a i rc raf t  technical and operation- 
al requirements, as  pa r t  of the planning for the Laboratory phases  of 
Operation CASTLE. 

The BuSandA Projec ts  Officer joined in an investigation of the pro- 
tection and recovery of supplies in storage f rom the effects of nuclear 
attack. 

The foregoing examples a r e  indicative of the noteworthy extent to 
which the contributions of the mil i tary projects officers to the work of 
the Laboratory extended well beyond their routine functional duties. 
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. 
CHEMICAL TECHNOLOGY DIVISION 

The major  effort of the  Chemical Technology Division during the 
fiscal  year  was devoted to field operations since actual field conditions 
offered the best  opportunities for acquiring additional knowledge in the 
fields of competence of the Division. 

During Operation CASTLE, assessment  was made of the radiation 
hazards  produced by the radiation fields which resulted f r o m  the fall- 
out f r o m  nuclear detonations and which created potentially debilita.ting 
effects far beyond the range of i t s  blast  damage. Information concern- 
ing the t ransport ,  distribution, and properties of the fall-out was gath- 
ered. 
at  a number of stations a r rayed  about the point of detonation on land and 
a t  sea. On-site measurements  of the decay of short-lived radionuclides 
were made in,mobile laboratories.  Under Project  6.4. the effectiveness 
of countermeasures  for ships in  an  a r e a  of fall-out was proof-tested. 
Two ships. f i t ted with instruments and remotely controlled by radio 
were exposed to the fall-out in Operation CASTLE. One ship was fully 
protected with anti-contamination devices, the other was unprotected. 
Direct  correlation of the dosages on the two ships determined the effect- 
iveness of the countermeasures employed. 

PREPARATIONS FOR FIELD TEST 

development of special d e h c e s  and laboratory tes ts .  
with the extent of deposition of radioactive aerosols  throughout the venti- 
lation sys tem of a ship, shipboard duct system models were  constructed 
and tes t s  were made to determine the deposition patterns. A continuous 
air sampler  was devised to make time-intensity records of activity in 
the fall-out area.  
beneath the grating at the end of a conical collimator through which radio- 
active par t ic les  a r e  drawn with iso-kinetic flow onto moving paper .  
After exposure, the beta and gamma activity on each p a r t  of the paper  
a r e  counted and the counts a r e  fed into an Esterline-Angus recorder  
which plots a time-intensity graph. 
limable and molecular type f i l ters  for analyzing particle s izes  proved 
the molecular type to be more suitable for Operation CASTLE. 

Under Pro jec ts  2.5a and 2.6a, samples and data were collected 

The prel iminary work for Operation CASTLE in p a r t  involved the 
Since 6.4 deal t  

In this sampler,  a 270-f t  s t r ip  of f i l ter  paper  passes  

Also, tes ts  of the suitability of sub- 

F o r  Project  2.5a, a fog-sampling device was developed to obtain 
information on size,  radioactivity, and ionic content of individual liquid 
aerosol  particles.  The fog is precipitated by an  electrostatic field onto 
a continuously moving film which, af ter  exposure to fall-out,  is develop- 
ed  and analyzed. 
vised to collect ra in  drops in  flour-filled t rays  where they a r e  retained 
as  pellets of dough. 
ed, the device automatically changes t rays .  
the pellets,  the s ize  of the water droplets could be estimated. 

F o r  2.6a, an  automatic water drop collector w a s  de- 

After a pre-determined number of drops is collect- 
By determining t h e  s ize  of 



. 

"Washdown" in Operatlon. The Wind, Blowing From Port, is Deflecting the Spray. On 
a Ship Headed Into the Wind, rhe Spray Would Cover the Entire Ship. 
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FIELD TEST 

Project  6.4 was the f i r s t  proof-test  of the washdown sys tem under 
the conditions of an actual radioactive fall-out. Previous t e s t s  in  which 
simulants were used had been made on a destroyer ,  a c ru iser ,  and an  
a i r c ra f t  c a r r i e r  and had indicated that the washdown system would be an  
effective countermeasure.  
equipped to simulate cer ta in  cr i t ical  aspects  of combat ships and one was 
fitted with a complete washdown system. The washdown sys tem is a 
se r i e s  of nozzles strategically located over a ship's  surfaces  so that 
sea  water f r o m  the ship's pumps could wash i ts  surfaces with a dense 
spray. 
shot time and were so maneuvered a s  to follow adjacent courses  through- 
out the period of extensive fall-out.' At the first indication of fall-out. 
the washdown system was turned on and i t  continued to operate during 
the entire fall-out period. At the end of the fall-out, both ships were  
returned to the anchorage point and were  boarded to re t r ieve the records  
made by the various instruments.  

RESULTS O F  FIELD TEST 

Two converted ships were instrumented and 

Both ships were sent by remote control into the fall-out a r e a  a t  

The fall-out samples  for Pro jec ts  2.5a and 2.6a were  analyzed to 
determine such data as decay ra tes  of the gamma fields, average den- 
si ty of the solid par t ic les  in the fall-out, and time and r a t e  of a r r i v a l  of 
fall-out. The fall-out f rom the land surface shots w a s  well character-  
ized. Although little data were obtained on the nature of fall-out f r o m  
overwater shots, there  *as evidence that this fall-out a r r ived  some 50 
miles f rom the shot point as a fine mist. 

The a rea l  extent was delineated over  which the super-weapons 
tested could be expected to produce lethal effects. 
was reconstructed by the use  of experimental models previously devised, 
based on data on high explosion model tes ts ,  together with l imited gamma 
field data and a comprehensive analysis of the meteorological situation 
a s  it applies to particle trajectories.  Certain information obtained at 
Operation CASTLE indicated that the determination of the radiation field 
f rom samples of s ea  water taken in the fall-out a r e a  may be feasible. 
This problem is being studied in collaboration with Scripps Institution of 
Oceanography under Pro jec t  2.7. 

The fall-out pat tern 

In the analysis for  6.4, the effectiveness of the washdown sys tem 
w a s  expressed a s  a percentage based upon the integrated dosage. By 
employing this base in computing the percentage, the contribution of the 
ambient field contamination against which the washdown sys tem would 
be ineffective was included. Ambient field contamination resu l t s  f r o m  
the radioactive fine aerosols  in the air and the contaminated sea  water  
about the ship during the contaminating event. 
data indicated that the washdown sys tem was highly effective. 

The findings f rom 6.4 



. 
RESEARCH AT THE LABORATORY 

At the Laboratory the Division conducted r e sea rch  and development 
programs in chemical and engineering problems dealing with radioactiv- 
ity which a r i s e  while working with it and exploiting it, and in problems 
of contamination and the consequent impediments to operations. Decon- 
tamination is one method of solution. The ever-increasing background 
and “mild“ fall-out resulting f rom the use of nuclear power is another 
ramification of the problems of radioactivity, as is the use of it as  a 
t r a c e r  in industrial  and research processes.  

The Division, during the year, continued to seek  extension of know- 
ledge in all phases  of the chemica1,behavior of radioactive mater ia ls  and 
to become a source fo r  consultation and investigation on new problems 
in  which chemistry is the principle issue. The present  emphasis is on 
contamination and especially fall-out, although the other objectives de- 
scr ibed a r e  a lso under study. 

Contamination of Materials 

In spite of the heavy load imposed on the Division as a resul t  of 
field-test participation, research  a t  the Laboratory on other projects ,  
much of which was m o r e  fundamental in nature, continued. The nature 
of and the conditions attendant upon the contamination of s t ructural  mat- 
e r ia l s  and the closely related problems of decontamination were inves- 
tigated. Adopting one approach, a study was undertaken to establish an 
order  of contaminability for certain s t ructural  materials.  
studies had regarded contaminability as a function of decontaminability, 
i. e .  , the radioactivity measured was the level remaining af ter  decon- 
tamination by various methods, thus rating mater ia ls  by their decon- 
taminability. In this study, contaminability was regarded a s  a function 
of the liq’iid hold-up capacity of a mater ia l ,  i. e. , the amount of liquid 
contaminant held by a surface due to its complex of character is t ics .  
Thus, the contaminability of a material  could be rated according to the 
amount of liquid i t s  surface would hold up, o r ,  extending this, according 
to the mater ia l ’s  surface characterist ics.  

Previous 

Field conditions were simulated in  the laboratory because it would 
have been difficult to duplicate and control in a field experiment cer ta in  
parameters  which would exist in an actual atomic explosion. 
of liquid held up by a mater ia l  -.vas found to be governed by a complex of 
parameters  and these factors were accounted for: the amount of liquid 
deposited on the surface,  which depends on the method of deposition (satu- 
ration o r  mist - in  the fieid, rain-out o r  base surge): duration and veloc- 
i ty of deposition; liquid hold-up capacity, which depends on the surface‘s  
porosity, roughness, cleanliness; and the vertical  o r  horizontal orienta- 
tion. 
nability values for each material. 
for  each of the two orientations, either of which w a s  used depending upon 

The amount 

Certain pa rame te r s  were cr i t ical  in  the calculation of contami- 
A material  had a contaminability value 
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the orientation predominant in the par t icular  target  complexes. The 
specific contaminability of a mater ia?  was measured for a par t icular  
type of ta rge t  complex. 
of ta rge t  complex, an a r r a y  of ships on the open sea  and a harbor 
installation. 

Detonations in water would endanger two types 

F o r  base  surge conditions, the values were indecisive at low veloc- 
i t ies and t h e s ;  a s  velocity and time increased, the values approached 
those of saturation conditions. Only the saturation values were used in 
evaluating B material .  Porous mater ia l s  were more  contaminable than 
impervious mater ia ls .  The mater ia ls  that would be exposed in an a r r a y  
of ships a re ,  in the o'rdeF of decreasing contaminabi5ty (measured by 
the liquid hold-up at :he predominant orientation): painted wood (new), 
painted wood (weathered), bare wood, rEbber, painted me ta l  (weathered), 
metal ,  p las t ics ,  painted metal (new). The mater ia l s  that would be ex- 
posed in a harbor a l e ,  in the order  of decreasing contaminability (meas- 
ured by liquid hold-up a t  the predominant orientation): asphaltic emul- 
sions,  brick,  concrete,  asbestos siding, roll  roofing, ba re  wood, rubber,  
galvanized i ron,  metals ,  plastics,  paint, A mater ia l ' s  specific contri-  
bution of gamma radiation level per  unit a r e a  would depend upon i ts  p re -  
dominant orientation. 

Decontaminability of Materials 

The decontaminability of these selected mater ia l s  was measured 
by the reduction in level of a definite deposit of radioactivity on a mat- 
e r i a l  af ter  being washed either by spraying with o r  immersion in water. 
It was found that spray  washing was superior  to immersion for reducing 
the activity level. 
of such elements a s  iodine and neptunium to surfaces.  
did not differ  appreciably in their  decontaminability behavior. 
confirmed that impervious mater ia ls  decontaminated to lower levels 
than did porous ones. The depth to which the var ious elements compris- 
ing the contaminant penetrated a few mater ia l s  was studied by two meth- 
ods: drop deposition on the sample surface and immersion of the sample 
into a large volume of solution. Generally, it was found that anions pene- 
t ra ted much deeper into mater ia ls  than did cations. 
havior differed little, i f  any, among the various radionuclides in  concrete 
and wood. 

Element oxidation s ta te  was important in  the adhesion 
Paint  surfaces 

It was 

Penetration be- 
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. 
NUCLEONICS DIVISION 

In addition to the investigations in  thermal radiation, instrumenta- 
tion, and nuclear radiation which it continued this year,  the Nucleonics 
Division activated the Accelerator Branch in the spring of 1954 to pro- 
vide an  accelerator r e sea rch  facility for the Laboratory. 

ACCELERATOR FAG ILITY 

A 2-million electron volt Van de Graaff accelerator ,  capable of 
producing proton, deuteron, triton, and electron beams, as well a s  
gamma rays and neutrons, w a s  received late in 1953, was tested by 
February 1954. and during the remainder of the fiscal  year  served 
varied experimental programs.  

NUCLEAR RADIATION 

Nuclear Radiation Branch investigations lay in  five areas: gamma- 
ray characterist ics,  gamma- ray  shielding. nuclear radiation dosimetry,  
nuclear radiation damage, and detection and measurement  of nuclear 
radiation with dielectric solids. 

Gamma Radiation Characterist ics 

Emphasis w a s  placFd upon improving the measurement  of gamma- 
r a y  spectral  characterist ics.  
sodium iodide crystals ,  the total absorption peak of the pulse height 
spectrum was enhanced, with a corresponding reduction i n  the a r e a  ob- 
served under the continuous Compton distribution. The availability of 
improved photomultiplier tubes and large sodium iodide c rys ta l s  made 
total absorption spectrometer techniques suitable for gamma-ray spec- 
trometry.  With these techniques, gamma-ray spectral  character is t ics  
of fall-out mater ia l  f rom Operation CASTLE were measured. 

'Gamma Ray Shielding 

By the use of large thallium-activated 

Several studies, published throughout the year ,  on  gamma-ray  ab- 
sorption coefficients were  facilitated by the use of two of the above men- 
tioned crystals in coincidence as a Compton spectrometer to measu re  
both energy and direction of gamma radiation. This method was applied 
to the study of diffusion of gamma radiation through thick s labs  of ship's  
steel. This was the first of a se r i e s  of similar investigations of mater i -  
als i n  the project to determine the effects of gamma radiation passing 
through matter  and, therefore,  to evaluate the shielding provided by dif-  
ferent  types of s t ruc tures  and mater ia ls  under varying conditions. 
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Nuclear Radiation Do simc 

The nuclear radiation dosimetry program for the year  was concern- 
ed pr imar i ly  with a study of neutron radiations. Neutron radiations as -  
sociated with tes t s  at the Nevada Proving Grounds in  e a r l y  1953 were 
analyzed with threshold detector techniques. Nuclear emulsion methods 
of measuring neutron spectra  in  the energy region between 0.3 and 15 
million electron volts were used to determine the neutron spectrum pro- 
duced by (d. n )  and (p, n) reactions f rom beryllium targets  in  the 60-inch 
cyclotron at  the University of California, Berkeley, California. 
measurements  were made in conjunction with r e sea rch  by the Biological 
and Medical Sciences Division on the effects of neutron radiation on 
t i s  sue. 

Nuclear Radiation Damage 

These 

Studies of the effects of deuteron bombardment of s teel  were  con- 
cluded and reported. 
radiation on cer ta in  e lectr ical  properties of plastics which a r e  normally 
dielectric mater ia ls .  
changes in  e lectr ical  propert ies  that occur during the t ime the mater ia l  
is in the radiation field and which may be temporary ra ther  than perma- 
nent. 

Solid State Studies 

Research was in progress  on the effect of gamma 

These studies were concerned p r imar i ly  with 

The solid state program of investigating the photochemical, photo- 
electric,  and luminescent effects due to the interaction of high energy 
radiations with dielectric mater ia l  w a s  concentrated this year along 
three  lines. 
tion control standards used in the phosphate glass dosimetry industry, 
inasmuch as phosphate glass dosimetry, in par t  developed at this Labora- 
tory,  has become the accepted dosimeter for the Navy. The second in- 
volved the study of scintillation processes  in crystals ,  with emphasis on 
the processes  in materials applicable to neutron detection. 
was completion of the study of the U- to F- and F- to U- center reaction in 
alkyl halide crystals.  

RADLAC DEVELOPMENT AND EVALUATION 

Neutron Detectors 

The first was the calibration and improvement of produc- 

The third 

Development continued on a fast neutron personnel dosimeter  sen- 
sitive to a tolerance flux of energies below 2 million electron volts. 
adaption of commercially available slow neutron dosimeters  to the de- 
tection of fast neutrons was studied, for  which data was required as to 
the thickness of moderator needed to slow down the fast neutrons enough 
for them to be captured in  the boron lining of such chambers .  
proach will be tested by use of the Van de Graaff accelerator  as a neutron 
source.  

The 

This ap- 

-12- 



. 

. 

hlr. E. A. Edelsack. In Charge of Operation of the Van de Graaff Accelerator. Points 
out Features of the Main Component. Shown Assembled fm rhe Production of Positive 
Particles. Left to right: MI. Edelsack. Dr. P. C. Tompkins. Scientific Director, 
hlr. W.M. Mallet, Operator of the Machine. and Capt R.A. Hinners. Director of the 

Laboratory. 
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The combined fast-and-slow neutron detector, more  compact and 

lighter than those available, which has  been under development was test-  
ed  in the neutron fields of radium-beryllium sources. 
on detector stability, gas gain wi th  methane over a range of voltages, 
and sensitivity to the high-energy protons available f rom this source. 
Further  tes ts  using the Van de Graaff accelerator  will determine sensi-  
tivity to energies a s  low as 100 thousand electron volts and sensitivity 
in the presence of a gamma background. 
meter  for the indication has gone forward. 

High-Efficiency Gamma Detectors 

Data was gained 

Design of an amplifier and ra te  

Advancement in the design of high-efficiency gamma detecting ma- 
ter ia ls  and arrangements,  to increase detector output and decrease  elec-  
tronic gain in a radiac, enabled the making of ionization chambers for  
the high-range gamma radiacs under development. 
for a variety of wall mater ia ls  were determined for maximum curren t  
yield with cobalt-60 gamma rays.  Gain in  output of various wall mater i -  
a ls  emitting into selected gases as compared to equivalent volumes and 
p res su res  of air was accomplished. Design formulae were developed 
and tested for determining the voltage required to achieve any desired 
fraction of saturation collection of ions formed in  either paral le l  plate 
o r  coaxial cylindrical geometry with a given gas. With argon, the r e -  
lationships were tested in gamma fields yielding thousands of roentgens 
pe r  hour. 

Proper  thicknesses 

Simple theory was developed and applied to making an ionization 
chamber air-equivalent with whatever mater ia ls  a r e  used, in o r d e r  to 
bring up the yield of current  over that in  air. 
ied for reducing the directional sensitivity of the chambers in  various 
radiac instruments. 

Photoelectric Counters 

Also,  methods were stud- 

Work continued in  further developing the coupling of a phosphor to 
a photosensitive surface,  previously devised at the Laboratory, which 
gives a current  output comparable to a n  equivalent-volume ionization 
chamber. Thus, a vacuum phototube with a phosphor could operate on 
low voltage to collect saturation cur ren t  in  high gamma radiation fields. 
The possibility of combining the phototube with an  inexpensive liquid 
phosphor was examined. However, difficulties in  containing the liquid 
under all conditions redirected effort to the use of the efficient solid 
sodium iodide phosphor with a shield to reduce the energy sensitivity. ~ 

As the latter showed promise,  it is planned to use it in developing a min- 
iaturized model ANJPDR-18 counter and in other projects scheduled for  
the next year. 
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High-Range Beta-Gamma Survey Instruments 

The Navy's need of a survey meter  prompted the design of radiac 
instruments effective f rom 5 to 500 roentgens p e r  hour with 20 p e r  cent 
accuracy and functionable a t  t empera tures  between -2OOC and 5OoC. 

In the f i r s t  models of three different types of instruments only the 
functional designs of detector chambers and electrometer c i rcui ts  were 
studied. 
a d i rec t  current ,  balanced two-tube electrometer circuit  with l inear 
output. 
detector as  a variable grid res is tor  whose value depends on the gamma 
radiation detected. 
tion. The third instrument uses a blocking oscillator as the output cur -  
rent  generator ,  the intervals between triggering of the single tube being 
dependent on the resis tance of the ionization chamber. All three instru- 
ments  showed promise and met  the requirements for  functional design. 
Study of power supply and other engineering features and performance 
tes t s  were planned for  the coming year. 

Circuit  Development 

All th ree  types use ionization chamber detectors and include 

One uses  l inear input while another uses  the ionization chamber  

This latter instrument gives a logarithmic indica- 

Part of the development of components for the high-range beta- 
gamma radiac instruments was the design of low-power, rugged, sensi-  
tive electrometer  arrangements  and power supplies. 
the adaptation of tubes was simplified by the use of double e lectrometer  
tubes intrinsically well matched in performance. 
meter  c i rcui ts  were modified by means of individually selected p a i r s  of 
tubes with not too different characterist ics placed at  slightly different 
operating points for  final balancing. 

During the year ,  

Direct current  electro- 

The most  important gain in power supplies was the imminent avail- 
ability of the silicon surface ba r r i e r  t ransis tor .  A remodeled commer-  
c ia l  vibrator  was tested as a component of a radiac power supply and 
was found to be not entirely satisfactory owing to its bulk and finite life. 
Several  oscil lator-amplifier power supplies were made and tested. The 
t r ans fo rmers  and circuits used with germanium transis tors  were to be 
modified for use with the low voltage silicon t ransis tors .  The definitive 
answer to the question of field radiac supplies may well be found next 
year  in the planned modifications of t ransformers  and circui ts ,  hitherto 
used with germanium transis tors ,  for  use with low-voltage silicon 
tr an  si s to r s . 
Beta Decontamination Instrument 

Beta-measuring instruments made for decontamination studies in  
field tests were  largely similar to instruments previously furnished but 
included the gamma-cancelling feature of collecting cur ren t  of opposite 
signs by  means of an electrode between two equal volumes sensitive to 
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Mr. F.M. Tomnovec. Nuclear Radiation Branch, Nucleonics Division, Plepares for 
Operation the Gamma Ray Scintilation Spectrometer Which Measures Gamma Specua 

From Radioactive Isotopes. 
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gamma radiation. 
justed, is due to beta ionization in one chamber. 
use electrometers  of the balanced differential type. Through the use  of 
a window a r e a  of about 100 square centimeters,  moderate resolution of 
beta-emitting hot spots was achieved. 

Radiac Dosage Indicator (Electronic Dosimeter) 

The net current ,  with the instrument properly ad- 
These instruments 

Dosimeters which could be rese t ,  previously designed to indicate 
integrated roentgen dose in a general  field of gamma-radiation, were  
miniaturized this year. An inverted triode sensing element was em-  
ployed to actuate a polarized relay at the end of each integrated 
10-milliroentgen increment of dose. This unit indicates the dose r e -  
ceived, f rom 20 milliroentgen to 60 roentgen, and provides for setting 
a n  alarm at any total dose f rom 1 to 60 roentgen. Another model was 
fi t ted with a simple regis ter-  escapement mechanism, devised at  the 
Laboratory, which operates  with a much la rger  tolerance in  the adjust- 
ment  of the drive which actuates the regis ter  to record increments  of 
dose. Also, an electrostatic switch was redesigned to be inherently 
stable with respect  to shock in  all planes and to temperature change. 

Air and Water Monitors 

Prototype models of an  early-warning air monitor for shipboard 
use were tested during field operations at the t e s t  site. 
features tested were the, collection of activity f rom air and the simul- 
taneous reading and recording of the level reached at  any given t ime. 
Coincidence circuits were used to eliminate counting of gamma radiation. 
However, difficulties with pillbox-type tubes used for beta counting a rose  
when they were found to saturate f rom gamma radiation alone although 
they were partly shielded with lead. 
the beta-emitter f rom air is also applicable to the detector in  the water 
monitor for use in a high gamma background. The AN/PDR 27C moni- 
tor was adapted for  low background monitoring of water for beta emitters 
and was to be available ear ly  the next year.  

Directional Gamma Detector 

The pr incipal  

The method found effective with 

A directionally sensitive gamma detector was made for decontam- 
ination studies in field tests.  The main feature is a shielded geiger tube 
sensitive to gamma rays  which a r e  permitted to enter a conical aper ture  
in  a lead sphere. The readings of the instrument, with o r  without a lead 
plug in  the aperture ,  give low resolution data on contaminated decks. 
Although the ratio of the readings before and after decontamination a r e  
correct ,  each is subject to an absolute e r r o r  of 20 pe r  cent. 
resul ts  f rom unequal sensitivity to all directions within the cone. 

The e r r o r  
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MI. R. J. Jenkins Operates the Pulse Shape Mechanism and Mitchell Thermal Source 
Used to Simulate a Field h l r e  of Thermal Radiation From a Nuclear Detonation. 



Evaluation 

Instrument evaluation was emphasized I n  the high-range gamma 
radiac development program and recommendations based on systems 
analyses were made to sponsors. 
were reported in  nine Instrument Evaluation Reports  and additional 
memoranda, and in conferences with the Bureau of Ships. 
w a s  of the accuracy required of radiac instruments in  tactical situations, 
the conclusions of which were subsequently adopted by the Bureau of 
Ships and by the Chief of Naval Operations. 
menting the facilities for the evaluation work by the completion of the 
secondary standard of radiation and by extensive modification of X-ray 
apparatus. 

THERMAL RADIATION 

Physical Characterist ics 

The resul ts  of 2 2  evaluation studies 

One analysis 

P r o g r e s s  was made iil aug- 

The Thermal  Radiation Branch participated in  Operation CASTLE. 
where new data were obtained regarding total thermal energy, pulse 
shape, broad-band spec t ra l  distribution of energy, and ground-reflected 
energy for  the types of weapons detonated. 
provided for several  a i rcraf t  f rom which measurements  were made, and 
technical ass is tance was given to personnel f rom the University of Dayton. 
At the Laboratory, analysis of data ca r r i ed  over f r o m  previous field op- 
erations was completed. Thermal  radiation data f r o m  Operation 
UPSHOT-KNOTHOLE were reduced, analyzed, and reported to the Test 
Command, while the thermal measurements made at Operation IVY were 
completed and reported. 
were fabricated and calibrated for use by Department of Defense agencies 
and other organizations. 

Effects on Non- biolo gic a1 Mate rials 

Thermal  instruments were 

A number of field type the rma l  instruments 

This program for  the year centered on defining damage.cr i ter ia  
and establishing their  relationships as functions of energy, irradiance- 
time (pulse shape), and physical and chemical proper t ies  of the mater i -  
als under investigation. 
metal  foils, gum wood, alpha-cellulose. and fabrics.  
pulses of thermal  energy up to 50 calor ies  p e r  square centimeter were 
used. 
field pulses for various irradiance levels was made; 
ria were changes in weight and in depth of char.  

The specific mater ia ls  studied were gypsum, 
F o r  gum wood, 

A comparison of damage f rom square wave pulses  and simulated 
the damage cr i te-  

The alpha-cellulose work.was done in cooperation with the U. S. 
F o r e s t r y  Service, Berkeley, California. Various thicknesses and den- 
s i t ies  of mater ia l  were used, with"ignltion to total  destruction" the 
damage criterion. Late in the year,  studies on the protective properties 
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of fabrics were begun jointly with the Thermal  Injury Branch, Biologi- 
cal  and Medical Sciences Division. 
distribution energies, f rom the 36-inch and Mitchell thermal  sources ,  
required to produce burns in  r a t s  led  to investigation of the relationship 
between spectral  distribution of energy and burns. Some ear ly  resu l t s  
were obtained regarding the effectiveness of various par t s  of the spec- 
t r u m  in producing burns. 
tive properties of fabrics will be found in the section of this repor t  
describing the work of the Biological and Medical Sciences Division. ) 

Apparent differences in spec t ra l  

(Additional information regarding the protec- 

Interest  on the pa r t  of the Armed Forces  Special Weapons Pro jec t  
in the formation of the precursor  shock wave led to a laboratory study 
of the phenomena accompanying the exposure of vegetation to high-irra-  
diance-level thermal radiation, and. ivy leaves were the first mater ia l s  
studies. 
quantities of gas, the appearance of small droplets of water,  the appear- 
ance of violent gas  je t s ,  and the production of profuse smoking. 
couple techniques indicated temperatures  of about 1000°C. 

High speed motion pictures recorded the evolution of small 

Thermo- 

The Mitchell thermal source was modified to produce simulated 
Adjustment was field pulses corresponding to higher yield weapons. 

nearing completion on the 60-inch thermal  source to provide beams  of 
grea te r  cross-section than were available in the Laboratory, although 
a t  lower irradiance levels. 
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BIOLOGICAL AND MEDICAL SCIENCES DIVISION 

- 
In response to emergency conditions in ear ly  1954, the Biological 

and Medical Sciences Division participated in  observations and t reat-  
ment  of Americans and Marshall Island natives accidently exposed to 
fall-out of radioactive products f rom nuclear weapons tests.  The med- 
ica l  t eam was composed chiefly of personnel with field experience f rom 
this Laboratory and f rom the Naval Medical Research Institute. 
Bethesda, Md. Extensive skin lesions and marked changes in the per i -  
phera l  blood were among the prominent signs of radiation damage. Of 
the formed elements of the blood, the platelets showed the most  consis- 
tent response and proved to be a valuable index of hematologic depres- 
sion and recovery. Long-term follow-up studies of the exposed person- 
nel were being conducted. 

At the Laboratory, investigations were continued in support of 
these studies and also in  conjunction with regular project work in the 
same  field and in the a r e a s  of thermal injury and therapy. Ea r l i e r  
work on hazards to personnel had indicated that neutrons, injury by 
which differs in  some respec ts  f rom injury by gamma radiation, could 
produce a considerable proportion of the total biological effect of ion- 
izing radiation f r o m  a nuclear weapon. 
e t r y  available for  predicting biological effects were ser iously limited. 
Clarification of these limitations promoted dosimetry work which con- 
tr ibuted to progress  in  the studies of ionizing radiation and consequent 
biological effects, in the directions of providing quantitative data,  appli- 
cation of new tools and techniques, and better control of variables. 

Neutron and gamma-ray dosim- 

BACTERIOLOGY AND IMMUNOLOGY 

It was found that in mice exposed to supra-lethal doses of X rays 
o r  neutrons there is a high incidence of post-irradiation infection. How- 
ever ,  such infection is a minor cause of death since t reatment  with anti- 
biotics affects neither the final mortal i ty  nor the mean survival time. 
Death appears  to be a direct  result  of the radiation itself. On the other 
hand, with doses of X rays o r  neutrons sufficient to produce 50  p e r  cent 
deaths, lower infection as  a secondary factor plays a n  important role in  
mortality. 

Shielding of the stomach and intestines against i r radiat ion did not 
prevent the post-irradiation infection in ra t s ,  thus indicating that radia- 
tion injury of the bone marrow may  be chiefly responsible for  the de- 
c reased  resistance to post-irradiation infection. This was fur ther  sup- 
ported by the fact  that injections of spleen homogenate afte- exposure 
caused m o r e  rapid recovery f rom bone marrow injury and decreased the 
incidence of infection i n  mice. 
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Cumulative Blood Plateler Counts (All Ages), at Time of Peak Depression. From 
Marshall Island Natives Accidentally Exposed to Radioactive Fall-out From Nuclear 
Tests. The Degree of Depression Corresponds to the External Dose Received. The 

Number in Each Group is Given in Parentheses After the Island Names. 
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The suppression by irradiation of one aspect of the immunity proc-  
e s s  was demonstrated during attempts a t  immunization with tetanus 
toxoid. Contrary to the resistance of control, immunized animals to 
challenging doses of tetanus toxin, there  was no resistance in  i r radiated 
animals for periods of three t o  six weeks after irradiation, the "re- 
covery period" being dependent upon dose of radiation received. 

RADIATION DAMAGE 

Data suggested that there  exis ts  a particular type of sulfur-con- 
taining protein ve ry  sensitive to radiation destruction and that the pro- 
tein itself is completely destroyed by a 100 per  cent lethal dose. These 
conclusions were based on the finding that a marked increase in ur inary  
excretion of u rea  and a sulfur-containing compound, taurine, occurs  
upon irradiation with doses as  low as 75  roentgen and reaches a plateau 
as the dose approaches 100 pe r  cent lethal. 
of taurine does not ensue as the dose is increased f rom 100 p e r  cent 
lethal to 2500 roentgen was interpreted to mean that the sulfur-contain- 
ing protein is completely destroyed at  the 100 p e r  cent lethal dose. 
Urea excretion, on the other hand, increases  much m o r e  gradually with 
doses grea te r  than 100 per  cent lethal, suggesting that additional, less 
radiation- sensitive proteins a r e  destroyed at the higher doses. 

INTERNAL TOXICITY 

That additional excretion 

Internal radioactive contamination was pa r t  of the study of the human 
beings exposed to radioactive fall-out in  the recent field tests.  
data was obtained f rom domestic animals,  water,  and soil samples 
collected on the contaminated atolls. 
nal toxicity of fission products focused on radioanalysis of the ur ine of 
animals exposed to atmospheres containing airborne fission products 
and to conditions whereby ingestion was the method of entry of fission 
products into the body. Field conditions were simulated by the u s e  of 
aerosols of appropriate sizes derived f r o m  soil  particles and by the use 
of ear ly  fission products derived f r o m  cyclotron and reactor pile bom- 
bardment of uranium. 
is tered to accelerate  the removal of radioactive contaminants deposited 
in the body showed that zirconium ci t ra te ,  given before a mixture of 
long-lived fission products was administered. most effectively prevented 
deposition of the la t te r  in the skeleton. 
acid (EDTA) had relatively little effect. 

PERFORMANCE O F  IRRADIATED ANIMALS 

Related 

At the Laboratory, study of inter-  

Studies in which chemical agents were admin- 

Ethylene diamine t e t r a  acetic 

Of obvious mil i tary significance is the effect on psychomotor func- 
tions by the painless,  insidious radiation illness caused by acute radia- 
tion f rom nuclear detonations. 
could be performed by animals for  some days following lethal irradiation. 

It was found that exhaustive exercise  
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W i t h  respect  to voluntary activity there  was an  immediate depression 
of response,  which data supports the concept that reduced activity i s  a 
general  response to radiation exposure. 
distinct periods of depressed activity. 
by shielding the abdomen during irradiation. The second decrease  in 
activity was reduced by the post-irradiation injection of bone marrow.  

SHLELDING AND THERAPY 

In the r a t ,  there  were two 
The f i r s t  was largely eliminated 

The whole-body radiation syndrome in ra t s  was analyzed in t e r m s  
of component pa r t s ,  through extensive comparison of the pathological 
effects of whole-body and various types of partial-body i r radiat ion (of 
intact and surgically prepared animals) a s  a function of radiation dose. 
Injection of spleen a d  bone marrow preparations constitute the only 
known post-irradiation treatment,  besides antibiotics, that decreases  
radiation mortality. 
the relative ineffectiveness of spleen o r  bone marrow treatment  in the 
ra t  a s  compared with the mouse was shown to be due in p a r t  to the great-  
e r  radiosensitivity of the intestinal t rac t  in the r a t ,  result ing in an  
"intestinal syndrome" (not affected by therapy) at relatively low radia- 
tion doses in  this species.  
necessity for considering intestinal and other possible le thal  processes  
in addition to that resulting f rom hematopoietic injury,  in  o rde r  to de-  
velop effective t reatments  f o r  this complex disease.  Initial investiga- 
tions of the lethal mechanism of the "intestinal syndrome" per  se  demon- 
s t ra ted that such deaths can be significantly decreased u n d z a p p r o p r i a t e  
experimental conditions by shielding a very  short  segment of sma l l  in- 
testine during radiation exposure. A quantitatively s imi la r  degree of 
intestinal shielding of the otherwise whole-body i r radiated,  intact ra t  
diminished ea r ly  intestinal mortality so that bone marrow injection 
afforded protection following higher, essentially whole-body irradiation. 

POST- IRRADIATION THERAPY 

By the use of partial-body exposure techniques, 

The resul ts  obtained indicated c lear ly  the 

A single, immediate post-irradiation intraperitoneal injection of 
homologous spleen homogenate o r  bone marrow was demonstrated to r e -  
verse  the radiation-induced inhibition of nucleic acid metabolism of 
spleen and bone marrow,  a s  measured by incorporation of carbon-14- 
labeled formate  into nucleic acid purines. Similarly. a single pos t - i r ra -  
diation injection of spleen homogenate into otherwise lethally i r radiated 
mice elicited a profound regeneration of the spleen in t e r m s  of weight 
and total desoxyribonucleic acid (DNA) content and concentration, con- 
comitant with survival  of these animals. These and other  data f rom this 
laboratory m a r k  the progress  of investigations which have demonstrated 
successively the protection afforded by single post-irradiation injection 
of spleen or  bone marrow preparations in (1) preventing mortali ty,  
(2) promoting a re turn  to normal  of spleen weights, (3)  restoring formate 
incorporation into nucleic acid purines of hematopoietic t i s sues ,  and 
(4) restor ing DNA content of spleen f r o m  low levels induced by irradiation 
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lethal in untreated animals. 
cept that the metabolism of DNA may be the key biochemical mechanism 
in the acute effect of ionizing radiations on living systems. It i s  also of 
interest  here  that the radiation protective factor in mouse spleen and 
bone marrow exhibits properties of a nucleic acid-protein complex. 

APPLICATIONS O F  THE ISOLATED LIVER PREPARATION 

These data provide evidence for the con- 

The technique, developed a t  the Laboratory,  of removing the rat 
l iver and maintaining it in a state of normal function by means of per -  
fusion for  periods as long as 30 hours, considerably facilitated a se r i e s  
of investigations into the effect of plasma expanders and plasma proteins 
on survival and bile production. 
l iver ,  isolated and in  situ, the effects of exposure to ionizing radiation 
under various conditions so  a s t o  t r y  to separate  d i rec t  and indirect 
effects of radiation exposure in this tissue. 

DELAYED EFFECTS O F  IONIZING RADIATION IN MAMMALS 

It was  also used in comparing in the 

The delayed radiation syndrome in mammals was accentuated to 
minimize acute radiation effects. 
anoxia during exposure, and the application of such p re -o r  post-protec- 
tive substances as sulfhydryl compounds, ni t r i tes ,  and bone marrow 
and spleen homogenates. T o  t r y  to unmask the latent radiation injury 
following more  moderate total doses,specific physiological s t r e s ses  
were used. The delayed effects of photon and neutron exposures were 
compared, in doses producing comparable acute mortality. 

THERMAL INJURY 

Methods included dose fractionation, 

In the study of combined effects of thermal  and ionizing radiation. 
mortali ty f rom thermal  burns was markedly enhanced by concomitant 
ionizing radiation at relatively low doses. An increased anemia, which 
occurred with combined ionizing radiation and thermal  injury, resulted 
f rom depressed r ed  cel l  production accompanying accelerated red  cell  
destruction. A systemic effect of thermal  injury alone was,  in  the burn- 
ed rat, an  accelerated destruction of r ed  cells without the normal aging 
process  usually seen in red  cell  survival patterns.  Also, there  were a 
proliferation of active r e d  cell-producing t issue outside of the bone mar- 
row and a hyperactivity of the normal  red  cell-producing centers.  
significant portion of the r a t  red cells was destroyed by heat during the 
burning, which was immediate and not related to long-term effects. 

A 

It was shown, by breaking down the radiation f r o m  a carbon a r c  into 
spectral  regions by means of f i l ters ,  that all wave lengths a r e  equi- 
effective in  burn production, except f o r  long wave length red  radiation 
which is very  ineffective. 
was quantitatively evaluated. 
burns principally by t ransfer  of radiant energy, while dark fabrics in 
contact allowed burns by heating and t ransfer  of heat to skin. 

The effect of color in  fabr ic  protective layers  
A white fabric in contact with skin allowed 



MILITARY EVALUATIONS GROUP 

The Military Evaluations Group - a division attached to the Scien- 
tific Department staff - acted as a link between the Laboratory's  ex- 
perimental  divisions and the agencies sponsoring various projects  in 
radiological and atomic defense. 
experimental data and applied the resul ts  to the solution of specific 
mil i tary problems requested by the sponsors. Where data were lacking, 
the Group provided inter im answers based on  theoretical  analysis. 
the planning of the Laboratory program, the Group acted as a consultant, 
indicating where information was lacking and where emphasis  should be 
placed in order  to obtain the necessary data. 

The Group conducted evaluations of 

In 

The problems undertaken by the Group during the year  dealt with 
the radiological defense and recovery of ships, a i rcraf t ,  and land in- 
stallations. The findings, supplied to the sponsors in reports  and oper-  
ational guides, centered around three major aspects: effects of a weap- 
on, consequent radiological hazards,  and countermeasures needed to 
minimize casualties o r  to ensure re -use  of the target a r e a  under spec- 
ified mili tary conditions. 

During the time that specific analyses were being conducted, the 
Group a l s o  continued a se r i e s  of general  studies which sought to add to 
information already developed o r  to refine published data for  m o r e  
accurate application. 

PROBLEMS STUDIED IN 1954 

In 1954, the Mili tary Evaluations Group reported on such varied 
phases of atomic attack as: 

Decontamination of Ships, Aircraft ,  and Structures 
Prediction of Gamma Radiation f rom the Fall-out of 

Evasive Maneuvers fo r  Ships Undergoing Atomic 

Comparison of Decontamination Methods 
Hazards due to Breaks in the Integrity of Weather 

Ratio of Beta Surface rep Dose to Gamma Dose f rom 

Passive Defense and Damage Control for  Shore 

Thermal Radiation and Hazards f rom Atomic Bombs 
Vulnerability of Advance Bases  to Atomic Attack 

an  Atomic Cloud 

Attack 

Envelopes of Ships Undergoing Atomic Attack 

Fission- p roduct Contamination 

Establishments 

One important resu l t  of this work has been the development of 
techniques f o r  predicting the effects of atomic at tack-  in  t e r m s  of phys- 
ical  damage and radiation casualties sustained if  no countermeasures 
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would be undertaken before and after the attack. 
developed for  a range of weapon yields &id types of detonations, and for 
post-detonation periods of up to three years. 
tions a r e  still incomplete, the resul ts  already achieved have enabled 
mi l i ta ry  organizations to design practical  defense and recovery plans.  

EXAMPLES OF SPECIFIC PROJECTS 

These predictions were 

Although these investiga- 

Several of the projects  completed during the year s e rve  well to 
i l lustrate the kind of specific problems investigated, the method of 
analysis,  and the extent to which a problem can be solved. 

One project was to determine the radiological hazards to person-  
nel f rom air-borne activity entering below-decks spaces of a ship mov- 
ing through the contaminated aerosol  of a shallow underwater atomic 
explosion. In the analysis,  i t  was found that the ventilation sys tem w a s  
the only path by which a significant amount of activity could reach be- 
low-decks spaces.  In defining the problem, six basic assumptions con- 
cerning the nature of the aerosol,  ship location, operation conditions, 
and s tay  t ime in the aerosol  described the general situation. The theo- 
re t ical  analysis depended on four parameters:  r a t e  of air flow through 
a space; s ize  of the space; length of time that contaminated air flows 
through the space; and time of exposure of personnel to contaminant. 

Two extremes cases were studied in order  to bracket the situation: 
(a) all air-borne activity entering through a duct is deposited on the 
deck of the space, and (b) all activity remains ai r -borne and flows in  
and out of the space. Conditions in several  below-decks spaces were 
considered, with ventilation blowers operating and with the blowers 
turned off, in o r d e r  to cover a range of ventilation conditions. 
of the analysis were  expressed in  t e r m s  of ra t ios  of the Vent Dose 
(dose f rom exposure to activity deposited on the deck of the space below- 
decks) to the Trans i t  Dose (dose on weather deck f rom exposure to ac- 
tivity surrounding the ship). 
the analysis to any contaminating burst. 

Results 

U s e  of these ratios permi ts  application of 

In evaluating the rat ios  in t e r m s  of specific radiological hazards,  
estimated dose values f r o m  shot Baker at the Bikini tes t  s i te  were  used, 
with the following results.  F o r  case (a), external gamma doses to per-  
sonnel may range f r o m  15 to 650 roentgens, when ventilation blowers 
are operating at rated capacity. 
on the parameters ,  and the upper l imit  of effects may range f r o m  in- 
capacitation to death. 
188,000 roentgens equivalent, physical, with effects ranging f r o m  r e -  
duction in  combat effectiveness to possible death. If vent blowers a r e  
off, insignificant external  gamma doses (5 to 50 roentgens) will resu l t  
for 30-minute exposures,  while contact beta exposures may  resu l t  in  
doses large enough to produce incapacitation (14 ,000  roentgens equiva- 
lent,  physical). F o r  case  (b), external gamma hazards a r e  expected to 

The magnitude of these doses depends 

Contact beta doses may range f r o m  3 , 0 0 0  to 
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be negligible. Internal hazards f rom inhalation a r e  expected to be insig- 
nificant in causing any immediate effects,  although late effects may occur. 

Another project was concerned with the contamination of an  a i rc raf t  
c a r r i e r  by shallow underwater burs t s ,  and with the degree of decontamin- 
ation necessary to enable the c a r r i e r ' s  Air Department to c a r r y  out tac- 
t ical  operations a s  soon a s  possible after the attack. Tactical  operations 
were examined in order  to determine the various entry t imes  on deck for 
personnel after attack and also to determine the various lengths of t ime 
that personnel would be exposed to radiation while carrying out opera-  
tions. Per t inent  experimental data f rom shot Baker and other sources  
were evaluated and were used along with a theoretical  situation analysis 
to determine the radiological hazards  that personnel would encounter and 
the doses they would receive. 

F r o m  the resul ts  of the analysis, a method was developed fo r  com- 
puting the minimum and maximum potential doses that deck crewmen and 
pilots would receive during a par t icular  operation- i f  adequate counter- 
measures  were not undertaken. In addition, by relating potential doses 
to accepted tolerance doses,  tbis method permitted the computation of 
the minimum-maximum range of decontamination effectiveness required.  
F o r  example, it was found that, during an interceptor operation ca r r i ed  
out immediately after attack, the doses t o  deck crewmen could range 
f rom 270 to about 15,000 roentgens; the doses t o  pilots could range f rom 
270 to 4,800 roentgens. 
Fo r  personnel to c a r r y  out this operation without casual t ies ,  the decon- 
tamination methods would have to be both rapid and highly effective 
(96 per  cent removal of contaminant). 

ability of a port  of embarkation to c a r r y  out its mission of receiving and 
transporting mil i tary materials.  This analysis was also concerned with 
an investigation of the effort necessary to recover the use of the port  
af ter  attack. 

proach to estimating the damage to facilities. 
concept of pe r  cent damage according to type of s t ruc ture  - piers ,  ra i l -  
road c a r s ,  buildings, ra i l road t racks ,  etc. Air, surface,  and subsur- 
face bursts  were studied for  yield ranges of 20 to 1.000 kilotons. On the 
bas i s  of data available f rom field tes ts ,  damage was plotted as  a function 
of distance f rom burst;  also plotted were contamination contours for con- 
taminating type attacks. Information on the capabilities and resources  of 
the por t  was obtained in conferences with engineering personnel a t  a spe- 
cific po r t  of embarkation. 

face detonation. Higher-yield surface burs t s  would damage the po r t  over 
its ent i re  a r e a  a s  well a s  deposit fall-out contamination a s  fa r  a s  20 to 
100 mi les  f r o m  the burst .  Hence, attack upon a por t  of embarkation was 
shown to involve much more  than the por t  alone, since neighboring facil- 
ities and cities would also be seriously affected. 

These doses would be incapacitating o r  lethal. 

A third project was the study of the effect of atomic attack on the 

The main difficulty in this problem was to develop a quantitative ap- 
Analysis developed the 

It was found that the most ser ious effects would resul t  f rom a su r -  
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HEALTH PHYSICS DIVISION 

The Laboratory radiological safety program a s  condu d by the 
Health Physics Division can be divided into two broad categories: 
(1) d i rec t  support of Laboratory operations, and (2) special  contribu- 
tions of the Division to the Laboratory's program. 
under Category 1 includes the general  measurement of the radiation 
fields and contamination complex associated with Laboratory experi-  
mental  operations involving radioactive materials and radiation sources ,  
and the evaluation and recommendations for the control of the radio- 
logical problems associated with this type of work. Category 2 includes 
the handling of specific requests for  radiological safety information sent 
by other agencies to the Laboratory, as  well as developmental work on 
such special problems as basic radiological safety rules and regulations 
for  the Navy, detection of a i r -borne contamination, and the general  
training and indoctrination of personnel in the field of radiological safety. 
An important addition to the program of the Division has been par t ic i -  
pation in the radiological safety programs of weapons tes t  operations. 

RADIOLOGICAL SAFETY APPLIED TO EXPERIMENTAL PROJECTS 

Routine monitoring of locations where radioactive materials a r e  

The effort expended 

continuously handled was accomplished. Areas where contamination 
exceeded the maximum permissible  levels were successfully decon- 
taminated. A Laboratory-wide monitoriag survey of direct  radiation 
levels,  using film, was initiated ear ly  in  the year. 

Other monitoring and decontamination operations were associated 
with equipment returned f rom field tests, installation of equipment, 
modifications to buildings, and minor spills of radioactive mater ia ls .  
A variety of special  work included Operation CASTLE for which the 
Division formulated Rad Safe operational and training procedures ,  de- 
signed equipment, and set  up a duty watch during the re turn  of mater -  
ials and equipment to the Laboratory. In addition, Division personnel 
directly participated in the field phase of the Laboratory's p rog ram at 
the s i te  of Operation CASTLE. 
warm-up, a complete monitoring survey was made of the V a n  de Graaff 
accelerator  and building. On the basis of this survey, recommendations 
were  made for  personnel dosimetry and for monitoring and air sampling 
equipment, and a monitoring schedule applicable to various conditions 
of operation was established. 

DIVISION FUNCTIONS IN GENERAL LABORATORY OPERATIONS 

Upon i t s  installation and subsequent 

Radiological wastes f rom the Laboratory and nearby Atomic Energy 
Commission and military installations were disposed of at sea in 14 
barge loads totaling 1672 units (drums,  concrete blocks, etc.). Lectures 
and demonstrations on radiological safety were given to various Labora- 
to ry  groups. 
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Radioactive mater ia l  handled amounted to some 260 o r d e r s  process-  
ed and shipments received from the AEC, involving about 8 cur ies .  
F r o m  these,  sources  of radioactivity were supplied to experimenters .  
Calibration and maintenance of radiac instruments was coordinated with 
the Radiac Section, San Francisco Naval Shipyard Shop 6 7 .  

Prototypes of radiac instruments developed fo r  field work included 
a portable a i r  sampler  operable on either battery o r  line current  and a 
continuous-recording a i r  sampler  consolidated to hand carrying s ize .  
Evaluation of the prototype alpha-beta survey me te r  USNRDL Mollcl I 
indicated fur ther  r e sea rch  on probe design. 
rent-operated counting ra te  meters  for self-monitoring by experimenters  
reduced the need f o r  portable radiac instruments in the Laboratory. 
Field experience with Navy and commercial  personnel monitoring de- 
vices prompted the design of a log scale  unit. 

SERVICES TO OTHER AGENCIES 

Increased use of line cu r -  

Besides routine radioactive waste disposal and photodosimetry fi lm 
processing, the Division performed a variety of other se rv ices  fo r  out- 
side agencies. The feasibility of using radioactive waste in aiding sub- 
marine navigation was evaluated. 
for  the 12th Naval District .  Monitoring and decontamination operations 
of severa l  sma l l  boats were  supervised fo r  the Stockton Naval Supply 
Annex. 

An a i r  sampling device was evaluated 

A cos t  analysis,  photographs with captions, and general  instructions 

The Division reviewed and sug- 
on s e a  disposal of radioactive waste were prepared for  a symposium on 
the subject a t  Johns Hopkins University. 
gested modifications to a revision of the General Industry Safety Orders  
for the Division of Industrial Safetv. State of California. Changes were 
advised for  the proposed revision of Radiological Safety Reguls ions 
NavMed P-1325. 

RADIOLOGICAL HEALTH DIVISION 

Physical  examinations of incoming personnel,  personnel par t ic i -  
pating in special  projects ,  and personnel leaving the Laboratory, totaling 
417. were  conducted by the Dispensary staff. 
the radiological type were  conducted for the SFNS. 
tory's  eye safety program the Division gave eye screenings,  re-fract ion 
tes ts ,  and issued sets  of goggles. In addition, there  were 386 nonoccu- 
pational t reatments  and 51 r e fe r r a l s  to local physicians. The few occu- 
pational i n ju r i e s ,  t rea ted  by the SFNS Dispensary, resul ted in no loss  
of work and so the Laboratory's  record of no lost-time accidents in s ix  
years  of operation was maintained. 

Physical  examinations of 
As  p a r t  of the Labora- 
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MANAGEMENT ENGINEERING DEPARTMENT 

During the year. this Department initiated plans for i t s  reorgan- 
ization and expansion to encompass the Comptrollership function which 
was expected to be installed in  the near  future. This was to be in  ac- 
cordance with new Comptrollership policies of the Navy Department 
under which the Laboratory was to operate with Navy Industrial Fund 
financing . 

The Management Planning Division explored possible improve- 
One of the 

F o r  
ments in the management and operation of the Laboratory. 
studies made was in  the a rea  of scientific repor t s  publication. 
example, a comprehensive study of the relationship between the Scien- 
tific Department and the Technical Information Diviaion of the Adminis- 
t ra t ive Department resulted in  more  thorough review and m o r e  expedi- 
tious publication of reports.  Other studies involved security, t rans  - 
portation, passive defense planning. safeey, and planned employment. 
The Navy Directives system of coding administrative issuances was 
restudied and plans were prepared for its adoption in the succeeding 
fiscal  year. Revision of the Laboratory Administrative Manual was 
continued with the aim of transforming it into a policy document to be 
implemented. by local issuances in conformance with the Navy Directives 
system. 

The Budget Divisian, in coordination with the Scientific Department, 
completely revised the bsdget formulation procedure which was to be 
effective with the new fiscal year.  
staff study to effect greater  improvement and simplicity in the budgeting 
process .  
resul ted in the decision to finance the division in  the next year  with 
maintenance and operation funds, except for the publication of field tes t  
repor t s  and manuals and specific items approved by the Director. 
Emphasis continued to be placed on the improvement of budgetary finan- 

This was to be followed by further 

Review of the fanding of the Technical Information Division 

cing. 
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MATERIALS AND ACCOUNTS DIVISION 

Demands on this Division grew during the year  in proportion to the 
increase of work assigned to the Laboratory. For the Laboratory's  par -  
ticipation in Operation CASTLE, the Materials and Accounts Division 
accomplished the essential  liaison involved in the procurement and deliv- 
e r y  of mater ia l  f rom suppliers to the Laboratory, and packed and shipped 
to the overseas  tes t  si te 1 ,680  boxes of mater ie l  totalling 312 tons and 
54,870 cubic feet. 
achieve better control of mater ia l ,  a property custodian was appointed 
in each Laboratory Division. 
Plant Property (operation equipment), was also accomplished during 
this period. 

To eliminate duplication of c ler ical  work and to 

The regular tr iennial  inventory of Class 3 

A self-service system in Shop Stores was planned for  installation 
in the new Laboratory building. 
mater ia l s  and accounts control and operation between the Laboratory and 
the San Francisco Naval Shipyard were defined. Preparat ions were made 
to install a numerical  stock locator control to facilitate the processing of 
requisitions and posting of stock records.  
purification p rogram was planned to eliminate approximately 3,000 obso- 
lete and excesq i tems  f rom stock. 
organization upbn the reappraisal  of Laboratory support by the San 
Francisco Naval Shipyard Supply Department and in  anticipation of the 
establishment of a Comptroller Division within the Management Engineer- 
ing Department. 
were also to be revised, to improve support of the scientific effort and 
to handle more  readily the Laboratory's growing logistic requirements. 

Limitations and responsibilities for 

In conjunction with this,  a 

Studies were  made for  extensive re -  

The procedures and s t ructural  make-up of the Division 

PATENT SERVICES 

The Patent Liaison Officer, representing the 12th Naval District  
BuShips Patent Counsel at the Laboratory, received during the year 
fifteen disclosures of invention covering radiac instrumentation, appli- 
cations of radioactive isotopes, and methods and apparatus used in the 
Laboratory's r e sea rch  program. This continued the t rend of increas-  
ing patent activity since the establishment of the Laboratory,  during 
which t ime 11 patent applications were filed and 2 patents issued. The 
commercial  r ights were  left with the inventors in  50 pe r  cent of these 
cases .  
stimulate disclosures of  interest  to the Navy o r  the Government. 
trination talks and a survey of possible patentable developments were 
initiated and a bulletin on patent information was distributed. 

Near the end of the year,  the patents program was intensified to 
Indoc- 
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ENGINEERING DIVISION 

The Engineering Division was mainly concerned for  a large p a r t  of 
the year  with supporting the Laboratory's  mission in Operation CASTLE. 
In addition, the normal functions in connection with the servicing of the 
Laboratory's  research  projects and facil i t ies development program con- 
tinued through out the year. 

TECHNICAL ENGINEERING 

Engineering services  provided by the Technical Engineering Branch 
included designing, writing specifications and preparing drawings for,  
and checking the equipment fabricated for Operation CASTLE. Various 
and 'specialized equipment was required,  such as air samplers ,  belt 
samplers ,  electrostatic precipitators,  constant velocity suction pumps, 
thermal  intensity measuring instruments,  and f i l m  coaters.  Several  
Branch members  were on research  teams at the operation. 
engineering services were provided for the regular  scientific projects,  
and in the design of equipment for two buildings under construction which 
were to house the Laboratory and the Van de Graaff accelerator .  

INSTRUMENTS 

Similar 

The Instrumentation Branch designed for Operation CASTLE a com- 
plete gamma measuring and recording system, covering an intensity 
range of eight decades, for 137 stations. Branch personnel tested, cali- 
brated,  and completed the 'installation of the instruments at the t e s t  site. 
A computer w a s  designed to reduce the data collected by the gamma re -  
cording systems to concise forms. Also, the Branch developed for  labo- 
ra tory  and field use precision beta counters, a for ty  channel alpha spec- 
t rometer ,  gamma scintillation counters, and alpha scintillation counters. 

SHOPS AND MAINTENANCE 

A large percentage of the equipment for Operation CASTLE was fab- 
ricated by the Division's shops, in addition to the m o r e  routine prototype 
development, support construction, and repa i r  of equipment for  other 
Laboratory projects. The field operation also required the use of the 
maintenance Branch to install research  equipment aboard vessels  des- 
tined for the tes t  si te,  and to ass i s t  in the assembling and testing of much 
of the field equipment, in addition to their  normal maintenance work. 

PLANNING 

The Planning and P rogres s  Branch received and processed  work re -  
quests during the year representing $678.726 for research and develop- 
ment  support, $365,000 for  maintenance and operation, and $660,000 on 
facil i t ies.  
shore station development plans, telephone systems for  the buildings be- 
ing constructed, and various plant equipment and maintenance programs.  

The Facilities Section was principally concerned with two 
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MI. A.I. Hodges, I r . ,  of the Nuclear 
Radiation Branch, Nucleonics Division, 
Demonstrates the Operation of Pan of 
Van de Graaff Accelerator During the 
"Open House" Held When the Building 
was Opened. This is the Component 
Which Contains the Target During 

Bombardment. 

Exterior of the New Building Housing the Van de Graaff Accelerator Which was Install- 
ed and put Into Operation in the Spring of 1954. 
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CIVILIAN PERSONNEL DIVISION 

Upon the deactivation, in the ea r ly  par t  of the year ,  of the Admin- 
is t ra t ive Services Division, which had formerly handled civilian person- 
nel ma t t e r s ,  a Civilian Personnel  Division was established. With the 
Laboratory's  assumption of control of the appointing authority, one among 
other personnel functions which had been t ransfer red  previously to the 
Laboratory f rom the San Francisco Naval Shipyard, the Division man- 
aged the Laboratory's  ent i re  personnel program except for industr ia l  
safety and injury compensation. 
logistic se rv ices  f rom the Shipyard. 

EMPLOYMENT AND EMPLOYEE RELATIONS 

These latter functions a r e  obtained as  

As  par t  of the recrui tment  program expanded by the Employment 
Branch to offset the cr i t ical  shortage of technical manpower, publicity 
mater ia l  was developed in cooperation with the U. S. Board of Civil 
Service Examiners a t  Pasadena. 
faQlitated by a reduction of processing time and by improved voucher- 
ing; Personnel  studies were made on selective serv ice  s ta tus ,  man- 
power projections, and grade level and academic degree distribution. 
The la t ter  repor t  revealed the high academic level of the Laboratory 
which includes on its rolls 6 medical degree,  3 7  doctorate,  
42 m a s t e r  degree holders. 
an  accelerated Laboratory awards and incentive program, and a com- 
mittee established to implement this program stimulated the submission 
of beneficial suggestions and the step increases  of pay for  superior  ac- 
c omplis hme nt. 

The acquisition of new employees was 

and 
The Employee Relations Branch conducted 

TRAINING 

The training officer, added to the Division's staff during the year ,  
made i t  possible to accelerate  the supervisor development and profes-  
sional development programs.  Participation with other BuShips labora- 
to r ies  in the preparat ion of case studies on r e sea rch  administration and 
arranging for  graduate courses  to be given a t  the Laboratory were  other 
major  projects  in the training program. 
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SECURiTY AND COMMUNICATIONS DIVISION 

The principal development of the year  f o r  the Security Division was 
the t r ans fe r r a l  in October 1953 of the Communications Section f r o m  the 
deactivated Administrative Services Division to the Security Division, 
which was then redesignated the Security and Communications Division. 

COMMUNICATIONS 

To facilitate the control of classified mater ia l ,  a system was initi- 
ated whereby subsif iary controls were established a t  various locations 
in the LaSoratory, thus obviating the necessity of returning classified 
materia! to the central  point before' t ransfer  of custody. 
of signatures in log books maintained a chain of accountability f r o m  
person to person, while i epor t s  to the central  control point ensured a 
check on the transactions. 

The receipting 

SECURITY 

The building which was being constructed a s  the future home of the 
Laboratory was surveyed in a prel iminary study of the applicability of 
various new physical security devices, such a s  the building serv ices  
indicator and the a l a r m  system which would provide visual and audible 
warning if  any of the building serv ices  a r e  interrupted. Better identifi- 
cation and security. cpntrpl of vis i tors  was attained by the installation of 
a Land Polaroid Identification Unit which can complete a picture badge 
in a very sho r t  time. 
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TECHNICAL INFORMAT ION DIVISION 

PUBLICATIONS 

The work of the Laboratory was recorded and disseminated through 
47 USNRDL technical reports ,  10 field operation reports,  and 11 eval- 
uation o r  progress  repor t s  processed o r  published through the Technical 
Information Division. A major  effort  of the Laboratory, publication of 
the manual Radiological Recovery of Fixed Military Installations under 
co-sponsorship of the Bureau of Yards and Docks and the Office of Chief 
of Engineers (Army), w a s  completed and 88 administrative and special  
reports  were produced. In the la t te r  p a r t  of the year ,  modifications of 
format  and style of repor t s  were studied in compliance with Bureau of 
Ships Standardization Manual. Activation of a Reports Review Board 
headed by the Scientific Director was considered to coordinate a pro- 
posed revision of technical repor t s  preparation procedures. 
technical reports  s e r i e s ,  the USNRDL-TR, and a new technical memo- 
randa s e r i e s  for  internal distribution supplanting working papers  and 
known as the USNRDL-TM were planned for  implementation on 1 July 1954. 
Two reports  s e r i e s  in motion picture form,  USNRDL-TFR and 
USNRDL-TFM. were  also planned. 
Section, formerly under the Administrative Services Division, to the 
Technical Information Division improved liaison with the Editing and 
Reproduction-Distribution Sections in  technical reports  processing. 

A new 

Assignment of the Stenographic 

The Illustrating Section completed 3,673 i tems,  58 p e r  cent more  
than the previous year .  Included were technical illustrations and art 
work for a variety of publications and brochures,visual aids for Labora- 
tory training programs,  and lectures  given by Laboratory personnel out- 
side the Laboratory. 
visual aid to be passed among a large lecture audience and two new rapid 
and inexpensive methods of preparing color slides. 

The Section developed a portable “hand chart”  

The Photographic Section produced 12,900 negatives and 33,418 
prints for publications and for other uses ,  and 1,500 lecture slides. 
total of 7,520 feet  of movie film were shot. edited, and titled for  3 docu- 
mentary films on field tes t s  and other  experimental o r  r e sea rch  projects. 

LIBRARY SERVICES 

A 

Reorganization and realignment of functions highlighted the Library  
work- year. The Cataloging and Acquisitions Sections were combined 
and a cataloger and c l e rk  were recruited.  Coordinate indexing, a new 
method of subject indexing, w a s  studied for  use in the Library. This 
employs entries of s e r i a l  numbers (representing publications) on cards  
headed by key concept words denoting the subjects of the publications. 
This method is designed to facil i tate the selecting and locating of reports  
and l i terature  and to require  fewer man-hours than the conventional 
subject heading card  method. 
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Ground work was laid for budgeted funds f o r  books and journals,  
and blanket ordering on a monthly basis  was begun for  the local pur- 
chase of books. 
dition of 1, 524; 325 periodicals were ca r r i ed  and 5, 773 technical r e -  
por t s  (including microcards)  were received. In general ,  the l ib rary  
workload rose  sharply in the latter p a r t  of the year.  

INFORMATION SERVICES 

Volumes in the Library  increased to 8,907 by the ad- 

This Branch took pa r t  in June in staging the two-day open house 
held a t  Bldg. 816, the new building housing the newly acquired 
Van de Graaff accelerator.  The Branch also provided background mat- 
e r i a l  and helped to coordinate publication of the art icle,  "Navy vs. the 
H-Bomb, I '  published in  COLLIER'S in  July 1954. 
Van de Graaff accelerator  and USNRDL's section in a recrui tment  bro- 
chure published by the U. S. Board of Civil Service Examiners  at 
Pasadena were completed. 
BULLETIN, an administrative and news weekly, continued without 
interruption. while 14 editions of the NRDLERS' HANDBOOK, a gener- 
al  orientation and training medium, were  issued. In the field of tele- 
vision, a program on glassblowingfeaturing Engineering Services Di- 
vision personnel. which was written and directed by this Branch, was 
presented over San Francisco television station JSPM. The program 
stimulated a request for the Branch to produce a s e r i e s  of television 
programs on the Laboratory in the future. This Branch also was assign- 
ed  the processing of thesclearance of unclassified reports  and papers  for  
publication in open l i terature  o r  for d r a l  presentation at technical 
me  e ting s . 

A brochure on the 

The weekly publication of the Laboratory 

Arrangements were made for 220 film showings, and 170 speaking 
engagements by Laboratory members  were coordinated for scientific, 
civic, and mil i tary meetings in  the Sah Francisco Bay area .  P rograms  
were  arrange'd for  visi ts  by the following groups: the Military Liaison 
Committee of the Committee on Atomic Energy, Research  and Develop- 
ment  Board, in  July 1953: visitors to the Thermal  Symposium in Novem- 
be r  1953; the Research  Activities Working Group of the Advisory Com- 
mittee on F isca l  Organization and Procedures ,  in May 1954: and the 
Committee on Naval Medical Research of the National Research  Council, 
in  June 1954. 
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LOOKING AHEAD 

The trends previously anticipated have been well substantiated 
over the past  year .  The direction which the Laboratory P rogram will 
take during the next year  (and beyond) has  become clear  and is essen- 
t ially as follows: 

A s  a resul t  of Operation CASTLE, the possible accelerated shift 
in emphasis toward more  peacetime applications will not occur to a 
marked degree. 
its importance and ramifications generally recognized. Hence, major  
emphasis will be placed on a continuation and expansion of the investi- 
gations and studies in  this  field. 

The fall-out problem has become bet ter  defined and 

It is expected that the subject of radiological protection will take 
precedence over reclamation. 
will focus on this subject, simultaneously exploring all phases of the 
problem and exploiting to the utmost the varied disciplines and a r e a s  
of competence of the staff. 
quences of a contaminating event, the anticipation of future require- 
ments in countermeasures  will be sought and development initiated as 
warranted. 

W o r k  in  all divisions of the Laboratory 

In addition to protection against the conse- 

The utilization of the Laboratory by all Services in the Department 
of Defense is stabilizing. .Such stabilization is well  t imed in view of the 
technical requirements imposed by newer weapons. 
P r o g r a m  is now expected to put increased emphasis on the more  basic 
aspects  of the phenomenology of weapons effects and protective measures ,  
SO that  specific Department of Defense problems and questions can be 
sett led m o r e  rapidly on a sound basis. 
to the possible situations confronting all three Services,  this approach 
will der ive the maximum benefit f rom the work of the Laboratory. 

The Laboratory 

Since the basic data a r e  common 
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USNRDL REPORTS PUB 

Contamination. (Title classified. ) 
R. K. Laurino and 1. G. POppoff. 
USNRDL-399, SECRET RESTRICTED DATA, 
30 April 1953. Issued 6 July 1953. 

The Effect of X Irradiation Upon the Performance 
of Volitional Activity by the Adult Male Rat. 
D. C. Jones, D. J. Kimeldorf. D. 0. Rubadeau, 
G. K. Orborn. and T. I. Castanera. 
USNRDL-400, Unclassified, 17 April 1953. Issued 
11 July 1953. 

Thermal and Combined Thermal and Ionizing Radi- 
ation Effects on Biological Systems- 1 January to 
30 June 1953. 
E. L. Alpen. 
USNRDL-401. Unclassified, 30 June 1953. Issued 
24 July 1953. 

The Combined Effects of Thermal Bums and Whole- 
body X Irradiation on Survival Time and Mortality. 
E. L. Alpen and G. E. Sheline. 
USNRDL-402, Unclassified, 18 May 1953. Issued 
25 August 1953. 

Analysis of Physiological Changes in the Irradiated 
Animal During and After Recovery- 1 January 1953 
to 30 June 1953. 
R. W. Brauer, P. Toch, and D. Davis. 
USNRDL-403, Unclassified, 30 June 1953. Issued 
29 July 1953. 

Performance Studies on Animals Subjected to loniz- 
ing Radlation- 1 January to 30 June 1953. 
physiology- Rychology Branch. 
USNRDL-404, Unclassified, 30 June 1953. Issued 
5 August 1953. 

Effect of Regionally Fractionated X-irradiation 
Equivalent in Dose to Acutely Lethal Total-body 
Exposure. 
M. N. Swift, S. T. Takera, andV. P. Bond. 
USNRDL-405, Unclassified, 21 March 1953. Issued 
20 August 1953. 

[SHEDBYTHELABORATORY 
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Thermal Radiation Branch, Nucleonics Division, 
kogress. (Title classified. ) 
A. Guthrie. 
USNRDL-406, SECRET RESTRICTED DATA, 
31 July 1953. Issued 10 August 1953. 

Reclamation. (Title classified. ) 
F. S. Vine, W. L. Owen, J. D. Sartor, and 
W. S. Kehrer. 
USNRDL-407, CONFIDENTIAL, 5 March 1953. 
Issued 25 January 1954. 

Radioactive Particles. IL (Title classified. ) 
C. E. Adam. 

19  October 1953. 
USNRDL-408. SECRET, 1 July 1953. Issued 

Changes in Red Cell Volume and (Xmotic Fragil- 
ity of Erythrocytes in the Rat Following Acute 
Blood LOSS. 

W. M. Davis, J. Bigelow, and E. L. Alpen. 
USNRDL-409, Unclassified, 14 August 1953. 
Issued 30 September 1953. 

Therapeutic Effect of Rat Bone Martow Injection 
in Rats Exposed to Lethal Whole-body X Radiation. 
M. C. Fishler. L. J. Cole, V. P. Bond, and 
W. L. Milne. 
USNRDL-410, Unclassified, 8 September 1953. 
Issued 25 September 1953. 

Synthetic Contaminants. (Title classified. ) 
C. F. Miller. R. Cole, and W. 1. Heiman. 
USNRDL-411. SECRET RESTRICTED DATA, 
6 August 1953. Issued 5 May 1954. 

Thermal Radiation. (Title classified) 
T. R Woida and A. Broido. 

14 August 1953. Issued 1 February 1954. 
USNRDL-412. SECRET RESTRICTED DATA, 

Combined Effects of Total- body X Irradiation and 
Radiant Energy Thermal Burns. I. Study of Blood 
Coagulation. 
W. M. Davis, A. K. Davis, W.Lee, and E. L.Alpen. 
USNRDL-413, Unclassified, 22 October 1953. 
Issued 11 November 1953. 



Increased Tolerance to  Hypoxia in Irradiated and 
in Food-Deprived Rats. 
8. D. Newsom and D. I. Kimeldorf. 
USNRDL-414, Unclassified, 6 August 1953. Issued 
6 November 1953. 

Decontamination. (Title classified) 
D. MacDonald and P. Zigman. 
USNRDL-415, SECRET, 16 September 1953. Issued 
1 6  December 1953. 

Washdown. (Title classified. ) 
M. M. Bigger, R H. Rinnert, J. C. Sherwin, 
F. K. Kawahara, and H. Lee. 
USNRDL-416, CONFIDENTIAL, 3 June 1953. 
Issued 25 January 1954. 

The Production of Intense Beams of Thermal Radia- 
t on by Means of a High Current Carbon Arc and 
Relay-condenser Optical System. 
T. R Roida. 
USNRDL-417, Unclassified, 24 November 1953. 
h u e d  30 June 1954. 

Studies on the Chemical Nature of the Radiation 
Protection Factor in Mouse Spleen. L Enzymatic 
Inactivation by Desoxyribonuclease alid Trypsin. 
L. J. Cole and M. E. Ellis. 
USNRDL-418. Unclassified, 23 November 1953. 
Irrued 5 January 1954. 

Combined Effects of Total-body X Irradiation and 
Radiant Energy Thermal Bums. III. Osmotic and 
Mechanical Fragility of the Erythrocyte. 
E. L. Alpen, J. A. Alexander, A. K. Davis, and 
W. M. Davis. 
USNRDL-419, Unclassified, 23 November 1953. 
Iosued 1 February 1954. 

Scintillation Spectrometer. (Title classified. ) 
F. L. Bouquet, W. E. Kreger, R L:Mather, and 
c. s. Cook. 
USNRDL-420, CONFIDENTIAL, 31 August 1953. 
h u e d  19 March 1954. 
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Thermal and Combined Thermal and Ionizing 
Radiation Effects on Biological Systems- 1 July to 
31 December 1953. 
E. L. Alpen. 
USNRDL-421. Unclassified, 31 December 1953. 
Issued 1 January 1954. 

Quantitative Serological Determination of Anti- 
body Formation in X-radiated Rabbits. 
M. S. Silverman and P. H. Chin. 
USNRDL-422, Unclassified, 23 December 1953. 
Issued 11 February 1954. 

Combined Effects of Total-body X Irradiation and 
Radiant Energy Thermal Burns. 11. Anemia. 
E. L. Alpen, G. E. Sheline. and W. M. Davis. 
USNRDL-423, Unclassified, 23 November 1953. 
Issued 1 February 1954. 

Thermal Radiation. (Title classified.) 
C. P. Butler. R P. Day,' S. B. Martin, and 
W. B. Plum. 

December 1953. Issued 5 February 1954. 

TheResponse of Endometrial Intra-ocular Implants 
Following Total and Regional X Irradiation of the 
Host. 
E. M. Jacobsen. D. J. Kimeldorf, and S.J. h u m .  
USNRDL-425, Unclassified, 10 February 1954. 
Issued 13 April lgLS4. 

Studies on the Treatment of Internal Radioactive 
Contamination. lV. Effect of Zirconium Citrate 
and EDTA on the Distribution and Excretion of a 
Mixture of Long-lived Fission Products. 
I. K. Gong, W. L. Milne, and S. H. Cobn. 
USNRDL-426, Unclassified, 24 December 1953. 
Issued 17 February 1954. 

Alterations in Organ and Body Growth of Rats 
Following Daily Exhaustive Exercise, X Irradiation, 
and Post-irradiation Exercise. 
D. 1. Kimeldorf and S. J. Baum 
USNRDL-427, Unclassified, 23 December 1953. 
Issued 26 February 1954. 

USNRDL-424. SECRET RESTRICTR) DATA, 
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Performance Studies on Animals Subjected to Ioniz- 
ing Radiation- 1 July to 31 December 1953. 
Physiology- Psychology Branch, 
USNRDL-428, Unclassified, 31 December 1953, 
Issued 1 February 1954. 

Thermal Radiation Branch. Nucleonics Division, 
Progress. (Title classified. ) 
W. B. Plum and A. Guthrie. 

20 January 1954. Issued 12 February 1954. 

Photography. (Title classified. ) 
C. P. Butler. 

15 January 1954. Issued 30 March 1954. 

Influence of Deuteron Bombardment and Strain 
Hardening on Mild Steels. 
R. A. Meyer. 
USNRDL-431, Unclassified, 21  December 1953. 
Issued 20 March 1954. 

Thermal Radiation. (Title classified. ) 
A. Boido. 
USNRDL-432. SECRET RESTRICTED DATA, 
10 March 1954. .. Issued 20 May 1954. 

Anemia of Thermal Injury. St udies of Radioiron 
Utilization and Erythrocyte Life Span in Rats. 
W. M. Davis, E. L. Alpen, and A. K. Davis. 
USNRDL-433, Unclassified, 19 March 1954. 
Issued 12 April 1954. 

Gamma Decay. (Title classified. ) 
W. J. Heiman. 

5 February 1954. Issued 21 May 1954. 

An Estimate of the Redominant Chemical Species 
Resulting From a Shallow Underwater Burst of an 
Atomic Bomb. 
L. R. Bunney and N. E. Ballou. 
USNRDL-435, Unclassified, 5 February 1954. 
Issued 19 April 1954. 

Physical State of Fission Product Elements Following 
Their Vapmization in Distilled Water and Sea Water. 
A. E. Greendale and N. E. Ballou. 
USNRDL-436, Unclassified, 16 February 1954. 
Issued 20 April 1954. 

USNRDL-429. SECRET RESTRICTED DATA, 

USNRDL-430. SECRET RESTRICTED DATA, 

i 

USNRDL-434. SECRET RESTRICTED DATA, 

Contaminarion-decontamination. (Title ClaSSi- 
fied. ) 
W. E. Shelberg. J.L. Mackin, and W. E. Lane. 
USNRDL-437, CONFIDENTIAL. 28 September 1953. 
Issued 1 June 1954. 

Spleen Desoxyribonucleic Acid Content as  an 
Index of Recovery in X-irradiated Mice Injected 
with Spleen Homogenate. 
L. J. Cole and M. E. Ellis. 
USNRDL-438. Unclassified, 2 June 1954. Issued 
30 June 1954. 

Decontamination. (Title classified. ) 
C. F. Miller, R. Cole, W.J. Heiman. and M. Nuckolls. 
USWL-439 ,  CONFIDENTIAL, 24 November 1953. 
Issued 3 0  June 1954. 

Radioactive Particles. Ill. (Title Classified. ) 
C. E. Adams and J. P. Witman. 
USNRDL-440, SECRET, 24 February 1954. 
Issued 22 Jurie 1954. 

Decontamination. (Title classified. ) 
C. F. Miller, R Cole, R K. Fuller. 
L. J. Graham, W. B.Lane, M. Nuckolls. 
J. F. Pesraner. andD. Sam. 
USNRDL-441, CONFIDENTIAL, 4 November 1953. 
Issued 6 June 1954. 

Decontamination. (Title classified. ) 
W. E. Shelberg, W. B. Lane, R K. Fuller, 
and L. J. Graham. 
USNRDL-442, SECRET, 11 February 1954. Issued 
30 June 1954. 

The Effect of Neunons on Thymic and Circulat- 
ing Lymphocytes in the Mouse. 
R. E. Caner, E.P. Cronkite. and V.P. Bond. 
USNRDL-443, Unclassified, 19 November 1953. 
Issued 30 June 1954. 

Srudies on the Effect of Radiation Protection 
Factor on Incorporation of Formare-C-14 into 
Nucleic Acid Purines in  X-inadiated Mice. 
R. K. Main, L. J. Cole, and V. P. Bond. 
USNRDL-444. Unclassified. 3 June 1954. Issued 
30 June 1954. 

Air-borne Radioactivity. (Title classified. ) 
A. L. Baietri and F. A. Devlin. 
USNRDL-445. CONFIDENTIAL , 27 January 1954. 
Issued 30 June 1954. 

Annual  Reoort. Fiscal Year 1953. . ~. ~~ 
~~~ 

USNRDL-446. CONFIDENTIAL 30 June 1954. 
Issued 30 June 1954. 
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PROFESSIONAL PAPERS PUBLISHED 

Indirect Effects of Localized Deuteron Irradiarion 
of the Rat. 
V. P. Bond, M. C. Swift, S. T. Taketa, 
G. P. Welch, and C. A. Tobias. 
American Journal of Physiology, Vol. 174, No. 2, 
pp. 259-263. August 1953. 

Depth-dose Measurements of Beta-ray Isotopes with 
Photographic Film. 
E. Tochilin and R. Golden. 
Nucleonics, Vol. 11, No. 8, pp. 26-28, 
August 1953. 

Spectographic Analysis of Potassium in Urine and 
Feces Using Copper Electrodes. 
M. Honma and 1. D. OConnor. 
Applied Specuoscopy. Vol. 7. No. 3, pp. 131-135. 
September 1953. 

Additivity of Radiation Protection by Cysteine and 
Sodium Niuate jn Mice. 
L. 1. Cole and lk E. Ellis. 
American Journal of Physiology, Vol. ,175, 
pp. 429-4315, 12,October 1953. 

Ion Exchange as a Separation Method. VI. Col- 
umn Studies of the Relative Efficiencies of Various 
Complexing Agenvj for the Separation of the Light- 
er Rare Earths. 
S. W. Mayer and E. C. Freiling, 
Journal of American Chemical Society, Vol. 75, 
p. 5641, 20 November 1953. 

Solvent Exrration Separation of Zirconium and 
Niobium. 
E. M. Scadden and N. E. Ballou. 
Analytical Chemistry. Vol. 25. No. 11 pp. 1602- 
1604. Novemkr 1953. 

Rapid Photometric Determination of Cobalt in the 
Presence of Iron. 
J. N. Pascual and W. H. Shipman. 
Analytical Chemistry. Vol. 25. No. 12, pp. 1830- 
1832. December 1953. 

Ion Exchange as a Separation Method. VII. Near- 
optimum Conditions for the Separation of Fission 
Product Rare Earths with Lactic Acid Eluant at 
870 c. 
E. C. Freiling and L. R. Bunney. 
Journal of American Chemical Society. Vol. 76. 
p. 1021, 20 February 1954. 

The Effect of X-irradiation Upon the Performance 
of Volitional Activity by the Adult Male Rat. 
D. C. Jones, D. I. Kimeldorf. D. 0. Rubadeau, 
G. K. Orborn, and T. J. Castanera. 
American Journal of Physiology, Vol. 111, pp. 243- 
250, May 1954. 

Therapeutic Effect of Rat Bone-marrow Lnjection 
in Rats Exposed to Lethal Whole-body X radiabon. 
M. C. Fishler, L.J. Cole, V. P. Bond, and 
W. L. Milne. 
American Journal of Physiology. Val. 177, 
pp. 236-242. May 1954. 

Studies on the Treatment of Internal Radioactive 
Contamination. IV. Effect of Zirconium Citrate 
and EDTA on the Distribution and Excretion of a 
M i m e  of Long-lived Fission Products. 
I. K. Gong, W. L. Milne, and S. H. Cohn. 
Proceedings of the Society for Experimenral Biology 
and Medicine, Vol. 13, No. 1. Pan 1. p. 28. 
March 1954. 

Effect of Regionally Fractionated X Irradiation 
Equivalent i n  Dose to Acurely Lethal Total-body 
Exposure. 
M. N. Swift. S. T. Taketa, and V. P. Bond. 
Radiation Research, Vol. 1, pp. 241-252, June 1954. 

Increased Tolerance to Hypozia in Irradiated and 
in  Food-deprived Rats. 
B. D. Nemom and D. I. Kimeldorf. 
American Journal of Physiology, Vol. 177. No. 3, 
pp. 390-394, June 1954. 
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PROFESSIONAL PAPERS PRESENTED AT MEETINGS 

Effect of Neutrons on Thymic and Circulating 
Lymphocytes in the Mouse. 
R. E. Carter. E. P. Cronkite, V. P. Bond, and 
J. T. Brennan. 
American Association for the Advancement of 
Science, Boston, Mass., December 1953. 

Measurements of Cyclotron. Neutron. and Gamma 
Fields for Animal Irradiation Studies. 
S. W. Ross, E. Tochilin, and B. W. Shumway. 
Amercian Physical Society, Stanford University 
29 December 1953. 

Medical Aspects of Atomic Defense. 
V. P. Bond. 
Regional Meeting American College of Surgeons, 
Reno, Nevada, 25 February 1954. 

Introduction to the Physics of Nuclei. 
E. P. Cooper. 
Regional Meeting American College of Surgeons, 
Reno, Nevada, 25 February 1954. 

Incorporation of Carbon- 14-formatk into Nucleic 
Acid Purines in X-irradiated Mice. 
R. K. Main, L. J. Cole, and V. P. Bond. 
American Chemical Association. Kansas City, MO. 
March 1954. 

Reactions Useful in Determination of Chemical 
Compositions of Liquid Aerosols. 
F. A. French. 
American Industrial Health Conference, 
Chicago, Illinois. 28 April 1954. 

Lean Body Mass, Body Composition. I.. In Vivo 
Estimation of Fat and Water Content from Speci- 
fic Gravity (Density) Determinations. 
A. R. Behnke. 
Undergaduate Research Society. Hahnemann 
Medical College, Philadelphia, Pa., 9 April 1954. 
Also given before the California School of Medicine 
a t  St. Francis Yacht Club, San Francisco. Calif., 
1 June 1954. 

Biochemical Aspects of Radiation Injury. 
L. J. Cole 
Biochemistry Seminar. Stanford University, 
14 May 1954. 

Effect of Desoxyribonuclease on Radiation Pro- 
tection Activity of Rat Bone-Marrow Suspensions 
and Homogenates. 
L. J. Cole, I. G. Habermeyer. and V. P. Bond. 
Radiation Research Society, Cleveland, Ohio, 
17 May 1954. 

Cyclotron Neutron and Gamma-ray Dosimetry 
for Animal Irradiation. 
E. Tochilin and S. W. Ross. 
Radiation Research Society, Case Institute of 
Technology, Cleveland, Ohio, 17 May 1954. 

Gamma-ray Spectral Measurements Using 
NaI(T1) Scintillation Specuometer. 
C. Sharp Cook. 
American Institute of Electrical Engineers, 
Los Angeles. 21 June 1954. 
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