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ABSTRACT 

Projec t  Shoal, which took place a t  a location near  Fallon, 

Nevada on October 2 6 ,  1963 a t  1000 PDT, was an underground 

nuclear detonation conducted a s  a par t  of the Vela program of 

the Department of Defense. The Off- Site Radiological Safety 

P r o g r a m  of the U. S. Public Health Serv ice ' s  Southwestern Ra- 

diological Health Laboratory monitored the public a r e a  s u r -  

rounding the site and collected and analyzed severa l  hundred 

water ,  milk, and a i r  samples before and for severa l  weeks af te r  

the event. Analysis of these samples  indicated that the radio- 

active mater ia l  f r o m  the Shoal event was completely contained. 

During post- shot dril l ing operations an intermittant re lease  of 

gaseous mater ia l  containing f resh  fission products occurred,  

but was not detected on a i r  samplers  located in populated a r e a s  

o r  in milk and water  samples  taken since that time. 
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INTRODUCTION 

Projec t  Shoal was a contained 12 kiloton nuclear explosion 

conducted a s  a par t  of the Vela program of the Department of De- 

fense to  improve the capability of detecting, locating, and identi- 

fying underground nuclear detonations. The Shoal detonation took 

place 1200 feet  underground in granite a t  a location near  Fallon, 

Nevada on October 26, 1963. 

The Off-Site Radiological Safety P rogram of the U.S. Public 

Health Service 's  Southwestern Radiological Health Laboratory in 

Las  Vegas, Nevada conducted a program of off- s i te  radiological 

surveillance and safety for  Pro jec t  Shoal. Authorization fo r  this 

program was established by Memorandum of Understanding 

No. S F  54 373 between the Atomic Energy Commission (AEC) 

and the Public Health Service (PHs). Chapter 0524-05, "Off-Site 

Rad Safety Operations" of the Standard Operating Procedure - 

Nevada Tes t  Site Organization outlines in detail  the responsibilities 

of the PHs to the Nevada Tes t  Site Organization and the proce- 

du res  to be ilsed in fulfilling these responsibilities. Briefly, 

these responsibil i t ies were: 

1. Verify the off- s i te  radiological situation associated with 



k 

t e s t  activit ies to insure public safety. F o r  Prg jec t  Shoal, off-site 

was defined a s  extending f rom a radius of five mi les  out to  a dis-  

tance of fifty miles  f rom Ground Zero. Should a re lease  of radio- 

active mater ia l  occur,  this a r e a  would be extended a s  f a r  a s  nec- 

e s s a r y  to properly evaluate the situation. 

2. Maintain a staff of trained personnel available to take 

emergency measures  prescr ibed by the Atomic Energy Commis- 

sion, should an  unacceptable radiological situation develop. 

3. Obtain an adequate record  of radioactive contaminants re -  

leased to  the off-site a rea .  

4. Maintain public confidence that a l l  reasonable safeguards 

a r e  being employed to protect public health and property. 

5. Establish l iaison with various local and s tate  officials 

concerning radiological health within their  administrative a reas .  

6. Investigate reports  of incidents attributed to radioactivity. 

7. Accumulate and process  data to provide a bas is  for eval- 

uating cumulative radiation dose to  people. 

The PHs began i t s  pre-shot  surveillance a s  ear ly  a s  July 1963. 

Air sampling stations were  established a t  seven locations in  the 

a r e a  f rom which 24-hour samples were  taken daily. An extensive 

public relations program was effected je fore  the event. Lec tures ,  

2 



demonstrations,  and movies were  presented a t  Lions Clubs, Ro- 

t a ry  Clubs, Veterans of Foreign Wars and American Legion 

groups,  and a t  schools in the off-site a rea .  A close working re-  

lationship was established with news media in the Fallon, Nevada 

area. 

Sampling and monitoring activit ies were  intensified ea r ly  in  

October, and they reached a peak just  before, and for  a few weeks 

af te r ,  the detonation. They were  continued, although a t  a l e s s  

intense level, throughout post- shot dril l ing operations. Frequency t 

and density of sampling was then gradually decreased with t ime to 

the date of this report  (June 15, 1964), when seven a i r  sampling 

stations a r e  s t i l l  in operation, and milk and water a r e  being col- 

lected routinely f rom a few off-site locations. 

Although the Shoal detonation did not re lease  radioactive ma- 

t e r i a l  to the off-site a r e a ,  and no radioactivity grea ter  than nor- 

m a l  background levels was detected in this a r e a  during o r  af ter  

the re -ent ry  dril l ing operations, this report  will descr ibe  the o r -  

ganization, methodology, and instrumentation used and the cover- 

age provided by the program of off- s i te  radiological surveillance. 



METHODOLOGY 

In general, monitoring and sampling methods, field proce- 

dures ,  laboratory procedures,  and program coordination and 

control were  s imi lar  to those previously reported for  Off-Site 
- 

Radiological Safety P rogram activities. However, because 

Pro jec t  Shoal was located a t  a site other than the Nevada Tes t  

Site, some special  arrangements  were  made. 

Two PHs personnel were  assigned to the project officer for 

pre-  shot activities. They were responsible for  establishing a i r  

sampling stations, selecting milk and water  collection points, 

and conducting the prel iminary public relations work. They were 

ass i s ted  in making road surveys in the a r e a  by four PHs Reserve 

Corps Officers. By September 10, 1963, a total of twelve 

Reserve  Officers were  assigned in the Fallon a r e a  to Pro jec t  

Shoal. On the day of the event, about forty-five PHs personnel 

were  on duty a t  the Control Point and in the a r e a s  off si te.  

A mobile Radioassay Laboratory, maintained by SWRHL a s  

a field counting laboratory, was moved to Fallon to provide tem- 

porary  facilities close to the s i te  for  counting g ross  alpha and 



gross  beta activity and for  gamma spectrometry.  The PHS 

laborator ies  i n  Las  Vegas provided technicians and facil i t ies for  

a l l  but prel iminary analyses of a i r ,  water ,  and milk samples.  

They a lso  processed and analyzed samples  of water  collected 

for  Pro jec t  Shoal by the Dese r t  Research  Institute of the Univer- 

s i ty  of Nevada. 

A whole body counter on a rai l road f la tcar ,  designed and 

constructed by the Technical Operations Branch, Division bf Ra- 

diological Health, PI-IS, was moved to Fallon for  support of 

Pro jec t  S h ~ a l .  There  i t  was s e t  up with an ambulance c a r  which 

housed electronics and preparation facil i t ies.  The detector 

assembly consisted of two 1.5 inch by 1.5 inch and one 11 inch 

by 4 inch NaI(T1) c rys ta l s .  They were  housed in  an 8 foot by 

8 foot s tee l  room having walls 6 inches thick composed of lam-  

inated s tee l  plates. The subject being counted lay on a s teel-  

f ramed bed mounted on t racks  laid down the center  of the room. 

The two sma l l  c rys ta l s  were mounted on the bed to view the two 

lobes of the thyroid gland. The large,  separately mounted 

crys ta l  was placed in a standard position over  the body mid-line. 

Technicians f rom SWRHL calibrated this equipment for 

131 137 40 
determination of I , Cs , and K . The whole body counting 
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activit ies were  directed by a Medical OfficerLassigned f rom PHs  

headquarters  in  Washington, D. C. 

P H s  physicians were  assigned to Fallon and were  present  

before,  during and af te r  the event. Close contact between PHs 

doctors  and local physicians was established and the medical 

aspects  of the testing program were  discussed in  detail. 

A U. S. Army Veterinary Officer and a P H s  veter inar ian 
- 

contacted local veter inar ians and made t r ips  to severa l  of the 

ranches and f a r m s  in the a r e a  to discuss  the program and to 

explain the veter inary serv ices  that would be available i f  a prob- 

l e m  should develop. 

Field Procedures  

The basic  working unit for  radiation monitoring and environ- 

mental sampling for  Pro jec t  Shoal was the one- o r  two-man 

mobile monitoring team equipped with various survey instruments ,  

sampling apparatus,  tools, and supplies. These teams worked 

f r o m  radio-equipped pickup trucks which served a s  mobile 

stations in a communications network through which they were  

in  constant radio contact with directive personnel a t  the Shoal 

Control Point and the laboratory staff a t  the Fallon headquarters.  
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Before the Shoal "D" Day, these monitoring teams placed 

numbered location signs ori d i r t  roads throughout the a r e a s  down- 

wind of Ground Zero  to the eas t  and southeast fo r  monitoring 

reference points. They a lso  took dose ra te  readings in the 

off- s i te  a r e a s  to  determine pre-shot radiation background. 

The pre-shot  dose ra te  surveys,  a s  well a s  post-shot surveys,  

were  made by the standard monitoring procedure where the detec- 

to r  o r  probe i s  held three feet  above ground level a t  a reasonable 

distance f r o m  any heavily contaminated o r  radioactive artifact.  

The location and time, a s  well a s  the magnitude of each dose 

ra te  measurement ,  a r e  recorded on a monitoring log, on which 

is a l so  recorded the survey instrument  and vehicle numbers.  

On the day of the Shoal detonation, the ground monitoring 

teams ca r r i ed  portable gasoline generators  and extra  sampling 

gear  with which the activated sampling network could be' supple- 

mented i f  necessary.  After the event, i t  was these teams who 

collected samples ,  exchanged fi lm badges, and maintained the 

sampling network throughout post- shot dril l ing operations. 

On D-day the mobile ground monitors were ass i s ted  by an  

a e r i a l  monitoring team in a Public Health Service C-45 aircraf t .  



This c rcw and stand-by crews had made se$eral flights over the 

Shoal s i te  and the a r e a s  off si te on D minus 1 to orient themselves 

and to become famil iar  with the a r e a  a s  viewed f rom the a i r .  If 

a re lease  of radioactive mater ia l  had occurred,  this team would 

have monitored and tracked the resulting "cloud" f rom the a i r ,  

radioing information a s  to cloud position, s ize,  and direction and 

ra te  of t rave l  to directive personnel a t  the Control Point. Mobile 

ground teams would then be more  accurately positioned to measure  

the dose ra te  three  feet above ground produced by passage of the 

cloud o r  by deposition of mater ia l  f rom it. 

Instrumentation 

Four  types of survey instruments  were  ca r r i ed  by ground 

monitoring teams enabling them to monitor dose ra tes  f rom back- 

ground levels of approximately 0.02 milliroentgens per  hour up 

to 200 milliroentgens per  hour f rom beta plus gamma radiation, 

o r  up to 50 roentgens p e r  hour f rom gamma radiation alone. 

These were  the Prec is ion  Model 11 1 Standard "Scintillator" which 

has  an external  probe containing a sodium iodide crys ta l  detec- 

tor ,  the Eberline E-500B Geiger detector with external  probe and 

beta shield, the Beckman Model MX-5 Geiger detector  having a 

probe s imi lar  ta  the E-500B, and the Trace r l ab  ANIPDR T1B 
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ionization chamber detector. Dose r a t e s  detected by these survey 

instruments  can be read  to two significant figures. 

These same  survey instruments  were  ca r r i ed  by the a e r i a l  

monitoring team along with the Portable Aerial  Survey Meter 

SBL-2 manufactured by Edgerton, Germeshausen, and Gr ie r ,  Inc. 

The SBL-2 consists of a t ransis tor ized,  battery operated, port-  

able scintillation detector and recorder .  It can be used for  either 

ground o r  ae r i a l  surveys under a variety of environmental con- 

ditions, and i s  sensitive to  dose r a t e s  f r o m  0. 2 to 2000 milli- 

roentgens pe r  hour. 

DuPont type 556 f i lm badge dos imeters  were  used fo r  Pro jec t  

Shoal surveillance. These badges contain a low range f i lm com- 

ponent, number 508, sensitive to exposures of 0.03 to 5.0 roent- 

gens, and a high range component, number 834, sensitive to ex- 

posures  of 3.0 to  1000 roentgens. The sensitivity range of the 

dosimeter  i s  thus 30 m r  to 1000 R. F o r  Pro jec t  Shoal, the badges 

were  supplied and read by the Radiation Safety Department of 

Reynolds Elec t r ica l  and Engineering Company, Inc. 

Air  sampling apparatus consisted of Staplex Companyor Gen- 

e r a l  Sleta; Worics high volume a i r  samplers .  Airborne particulate 

9 



rnatc:rial was colloc.tc-d o n  (it-lman lypv E glass fibcr filters which 

a r e  designed to have a collection efficiency of 99.6% for particles 

greater than 0.25 microns in diameter, and 98% for 0.05 micron 

particles. The 8 inch by 10 inch filters vrere held in commer- 

cially available heads which provided an effective sampling area  

of 6 3  square inches. Flow rates of 50 to 60 cubic feet per minute 

were obtained with the filter in place. 

The throat of the motor housing of each sampler was ma- 

chined to accept a 3- 1 /4  inch diameter activated charcoal cart-  

ridge made by Mine Safety Appliances Company. With the cart-  

ridge in place behind the glass fiber filter, a i r  flow rates of 

approximately 20 to 30 cubic feet per minute were obtained. 

Actual flow rate for each sample was determined from rotameter 

readings taken a t  the beginning and end of the sampling period. 

One gallon samples of milk and of water were collected for 

analysis. The polyethylene collection bottles were also used for 

shipping samples to the laboratory in order to reduce the possi- 

bility of contaminating them during transfer  from one container 

to another. 



Laboratory Procedures 
.i 

Gross beta activity of the airborne particulate material col- 

lected on glass fiber filters was determined by counting the filter 

in a large area  gas flow proportional probe connected to a high 

speed scaler.  A counting efficiency (counts per d is in tegrat i~n)  

of approximately thirty percent was obtained with this system, 

based on a strontium-yttrium-90 standard. Charcoal cartridges 

were examined for gamma- emitter activity by gamma pulse 

height analysis, using a heavily shielded 4 inch by 4 inch NaI(T1) 

crystal  detector coupled to a multi-channel analyzer. The 

charcoal cartridge, sealed in a thin plastic bag, was centered on 

the crystal to give a constant geometry. Using a peak width of 

90 kev, a counting efficiency of 12% for the 0.36 M e v  photopeak 

13 1 
of I was obtained. 

Standard procedure calls for submitting filter samples with 

high gross beta activity to gamma spectrum analysis. The 

8 inch by 10 inch filter i s  folded in eighths and placed on the 

sodium iodide detector to approximate the geometry of the 

charcoal cartridges. 

Water and milk samples were analyzed for gamma emitting 

isotopes in the same crystal - spectrometer system used for a i r  

11 
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samples.  One-gallon samples were scanned in inverted well 

beakers  placed over  the crystal .  If sample volume was too sma l l  

to  permit  this geometry, a 400 mil l i l i ter  aliquot was placed in a 

plastic "cottage cheese tub1' container and centered on the crystal .  

131 
Detection efficiencies for  the 0 . 3 6  Mev photopeak of I were  

approximately 6.570 in the beaker and 7.27'0 in the cheese tub con- 

figuration. 

Samples collected during the detonation and re-entry opera-  

tions of Pro jec t  Shoal were  counted in the mobile Radioassay 

Laboratory in Fallon a s  soon af te r  collection a s  possible. In 

this way the presence of any unusual activity could be detected, 

and action could be taken immediately. After the initial counts 

were  made, the samples were  sent to the Las Vegas laboratory 

for  further counting and analysis. Samples collected during 

non-operational periods were  sent  direct ly  to the main laboratory 

of SWRHL. 

At the Las  Vegas laboratory, gross  beta activity on a i r  f i l ter  

samples  was determined five days af ter  collection to allow for  

decay of natural radioactivity. They were again counted twelve 

- 1.2 
days af ter  c'ollection, and the usual t extrapolation was made 

to co r rec t  activity counted to activity at the end of the collection 

3 
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period. 

Milk s amples  were  analyzed radiochemically to de te rmine  

the concentration o i  s t ront ium- 89, s t ront ium- 90, and s table  

calcium. Total  s t ront ium was chemically isolated and counted 

i n  a low background beta counter,  a s  was the y t t r ium daughter of 

strontium-90. Strontium-89 was determined by the difference 

between total s t ront ium and strontium-90, a s  calculated f r o m  

the equil ibrium value of i t s  y t t r ium- 90 daughter.  Detection 

efficiency f o r  s t ront ium-90 and yt t r ium-90 was approximately  

3570. 

Water  s ample s  were  f i l tered through Whatrnan No. 42  f i l t e r  

paper  to s epa ra t e  suspended and dissolved solids.  Each fract ion,  

a f t e r  being t r ans fe r r ed  to  a planchet and d r i ed  by appropria te  

means ,  was counted fo r  g ros s  alpha and f o r  g ros s  beta activity. 

Gamma-emit t ing isotopes detected qualitatively in  the spec-  

t r a l  scan  w e r e  quantitated by the labora tory ' s  s tandard mat r ix  

method which c o r r e c t s  fo r  mutual in te r fe rence  between isotopes.  

If short-l ived isotopes a r e  detected for  which s tandards  cannot be 

obtained, a quantitative es t imate  can be made by scanning the 

s amples  s e v e r a l  t imes  to obtain the decay pa t te rns  of var ious  



0 

regions of the spectrum. When neither method i s  applicable, 

the routine procedure involves smoothing the spectrum under 

each photopeak and subtracting this portion from total peak 

activity a s  a gross approximation of the contribution from 

background and scattering. 



RESULTS . 

Monitoring 

Seventeen ground monitoring teams took periodic readings 

f rom the time of detonation to late in the afternoon on the day of 

the event. No readings above background were obtained. Aerial . 

monitoring was performed f rom several  hours before detonation 

until sundown. The PHs aer ia l  monitoring team obtained no read- 

ings above background. 

Dosimetry 

No exposures greater  than the detection limit of 30 m r  were 

read on the personnel and station film badges. The whole body 

counter, used in  support of Project  Shoal, tested forty-one sub- 
t 

jects, including al l  PHs monitors, f rom October 21, 1963 until 

December 5, 1963. Iodine-131 was not detected in any subject. 

Sampling 

All glass fiber fil ters from a i r  samplers  were  a t  background 

levels during and after the event. The charcoal cartr idges f rom 

air samplers  were analyzed for gamma emit ters  and no f resh  fis- 

sion products were found. Analyses of milk and water samples 

collected since the event have given no indication of the presence 

of fresh fission products. 
15 
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- POST-SHOT DRILLING OPERATIONS 

During re-dril l ing operations on December 10, smal l  

amounts of gaseous mater ia l  containing f r e sh  fission products 

were  released into the atmosphere.  This re lease  continued inter-  

mittently through December 19. No f resh  fission products were  

found on f i l te rs  o r  charcoal  car t r idges  taken f rom a i r  samplers  

at off-site sampling locations. Milk and water  samples  taken 

since the re lease  have been analyzed and found to contain no 

f r e sh  fission products. 

CONCLUSION 

Because the Shoal detonation was completely contained, and 

because the re lease  of fission products during post-shot opera-  

tions was not detected off-site, it is concluded that there was no 

health hazard to the off-site population due to Pro jec t  Shoal. 



Figure  1. Sampling locations during Project Shoal. 
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Table 2. Samples taken for Project  Shoal. 

AIR WATER MILK Fi lm Badge 
SURVEILLANCE 

Begin End Pre-  Post  P r e -  Pos t  Station 
LOCATION (1963) (1964) Shot Shot Shot - Shot Exposures 

Alpine Ranch 2 1 .  

Austin 10/21 - - -  4 2 4 2 2 

Brown Station 1 1 1 1 

2 1 Car ro l l  Station 

Dixie Valley 

Fallon 07/09 - - -  3 4 4 4 2 

Frenchman Sta. 07/10 - - -  3 1 

Gabbs 07/23 - - -  3 5 2 1 2 

Hawthorne 

Hot Springs 

Lovelack 10/21 - - -  1 

Luning 07/23 01/31 2 1 2 

Middlegate 09/12 01/31 2 1 2 

Nev. Scheelite Mine 071 24 - - - 1 2 2 

Peavine Ranch 2 1 6 11. 

R.O. Inc. Ranch 2 1 

Schur z 07/09 - - -  2 1 3 4 2 

Seyler Reservoir  1 1 

Smith Creek  Ranch 2 1 2 1 

Stillwater 1 1 1 . 3  

NOTE: - - - indicates sampling stations s t i l l  in operation. 

22 





M e c t  No, Subject or  T i t l e  

Analysis of Shoal Data on Ground Motion 
and Containment 

H-NSC WF-1Ol4 Shoal Post-Shot Hydrologic Safety Report 

Pre-Shot and Post-Shot Structure Survey 

Teat of Dribble-Type Structures 

FAA VUF-ID17 Federal Aviation Agency Airspace Adv$aory 

Free Field Earth Motions and Spalling 
Measurements i n  Granite 

Surface Motion Measurements Near Surface 

v 

Strong Motion Seiamic Measurements 

LPI VUF-2600 In-Situ St ress  i n  Granite 

STL VUF-2400 Shock Spectrum Meaawements 

SRI VUF-3001 Investigation of V i s u a l  and Photographic 
On-Site Techniques 

Local Seismic Monitoring - Vela CLOUD 
GAP Program 



TI WF-3003 . 7.8 Surface and Subsurface Radiation Studies 

USCS WF-3004 7.9 Physical and Chemical Effects of the  
Shoal Event 

ITEK WF-3005 7.10 Airborne Spectral  Reconnaissance 

BR Ltd. WF-3006 7.15 The Mercury Method of Identification and 
Locat ion of Underground Nuclear s i t e s  

NRDL VUF-3007 7.16 Multi-Sensor Aerial Reconnaissance of an 
Underground Nuclear Detonation 

GIMRADA VUF-3008 7.17 Stereophot ogramnet r i c  Techniques f o r  
On-Site Inspect ion 

ISOTOPES VUF-3009 7. 19 Detection i n  Surface A i r  of Gaseous 
Ftadionuclides from the  Shoal Underground 
Detonation 

8.1 Microearthquake Monitoring a t  the Shoal 
S i t e  

+** GEO-TECH 8.4 Long-Range Seismic Measurements r 

* This is a Technical Report to  be issued as FKE-3001 wnich w i l l  receive TD-4500 category 
UC-35 Distribution "Nuclear Exp1osion~-i~aceful  ~pp l i ca t ions"  

**  Project Shoal r e su l t s  a re  combined with other events, therefore,  t h i s  report will not be 
printed or  dis t r ibuted by UTIE 

*r** Report dated March 1964 has been published and dis t r ibuted by USCM;S 

t q l v  Report dated December 9, 1963, DATDC Report 32, has been published and dis t r ibuted by UED , 



T OF ABBMVIATIONS FOR TECHNICAL AGENCIES 

EPL Ltd. 

W3drC 

FAA 

Barringer Research M t e d  
Rexdale, Ontario, Canada 

Edgerton, Germeuhausen 8 Crier, Inc. 
Boaton, Massachusetts 
Laa Vegaa, Nevada 
Ssnta Barbara, California 

Federal Aviation Agency 
h a  Angelea, California 

Gem Technical Corporation 
Garland, Texas  

U. S. Amy Geodesy, IntelUgence and Mapping Research 
md  Developnent Agency 
Fort Belvoir, Virginia 

Wlst on-Nuclear Science Corparat ion 
Palo Alto, California 

Holmae & ~ k r ,  Inc. 
Lor Angeles, California 
Ias Vegas, Nevada 

Isotopes, Inc* 
Weatwood, New Jeraey 

I= Corporation 
Palo Alto, CaUfornia 

Lucius Pitkin, Inc. 
New York, New York 

Nevada Bureau of Mines 
University of Nevada, Rmo, Nevada 

U. S. Naval Radiological Defense LBboratory 
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Stanford Research Inst i tute 
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U r n  
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Texas Instruments, Inc. 
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Bar t lesv i l le  Petroleum Research Center 
Bart lesvi l le ,  CMahama 
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