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ABSTRACT 

Project Schooner was a nuclear excavation experiment conducted at the 

Nevada Test Site on December 8, 1968, as part of the Plowshare Program. 

The results of the off-site radiological surveillance program performed 

for this event by the Southwestern Radiological Health Laboratory are 

presented in this report. 

Aircraft observations soon after detonation indicated the top of the 

radioactive debris rose to approximately 19,000 feet above mean sea level. 

Aircraft and ground monitoring teams then documented cloud passage and 

deposition radioactivity levels in downwind areas to the north and north- 

east of the Nevada Test Site. The main cloud moved to the northeast across 

Utah and Colorado, while the base surge moved north into Idaho and then 

eastward across Montana and North Dakota. 

The highest external gamma exposure rate observed off-site was 

350 mR/hr at 1100 hours PST, several yards south of Nevada Highway 25, about 

2.5 miles east of Queen City Suriunit (on an azimuth of 54 degrees and at a 

distance of 44 miles from ground zero). The highest external gamma exposure 

rate observed at a populated location was 8.5 mR./hr at the Diablo Maintenance 

Station (33', 47 miles) on Highway 25. 

The highest integrated external gamma exposure to an off-site resident 

wearing a p.ersona1 dosimeter was 165 mR. This exposure, measured by a thermo- 

luminescent dosimeter, was received by a sheepherder from Uhalde's Ranch near 
0 Adaven, Nevada (45 , 75 miles), from December 8 through 17, 1968, while he 

was working several miles east of the ranch. 

The predominant radionuclide found in environmental samples was 
187 tungsten-187 (187~). The highest integrated W concentration observed in 

air at a populated location was 12,000 uCissec/m3 at Stickelman's Farm 

(357', 55 il~ilrs) near Clark Station on December 8, 1968. The highest 
18 Iw 



concentration in milk (9,100 pCi/l) was found in a December 9, 1968, sample 
0 

from the Chavis Ranch (57 , 127 miles), north of Pioche, Nevada. The highest 

187~ concentration (21,000 pCi/l) in a water supply used for human consump- 

tion was found in a December 11, 1968, sample from the Simpson's Ranch 

(42O, 75 miles) at Adaven, Nevada. 

The highest 3~ concentration in a water supply used for humall consump- 

tion (2,800 pCi/l) was found in a December 11, 1968, sample from the 

Lotspeich Ranch (15O, 266 miles) near Deeth, Nevada. Iodine-131 was found in 

its highest concentration in milk (100 pCi/l) in a December 11, 1.968, sample 

from the Boyd Schena Ranch (56O, 252 miles) near Abraham, Utah. The only 

other'isotope of interest, 18'w, has been found in low levels in natural vrge- 

tation which has grown since the occurrence of the Schooner deposition, and 

in the muscles of cattle grazing in the deposition areas. 

Analyses of radiological data indicate that radioactive effluent arising 

from this event did not present any health hazard to the off-site population, 

based on presently accepted safety criteria established by the U. S. Atomic 

Energy Commission. 
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OFF-SITE SURVEILLANCE 
SCHOONER EVENT 

I. . INTRODUCTION 

Project Schooner was a nuclear experiment in a layered tuffaceous 

medium executed as a part of the Plowshare Program for.the development of 

nuclear excavation. Schooner was detonated on December 8, 1968, at approxi- 

mately 0800:00.149.6 (PST), 1600:00.149.6 (GMT), in Area 20, Nevada Test 

Site (NTS). The resultant yield was 31 + 4 kt. The emplacement hole was 

U20u at geodetic coordinates: 

Longitude: W 116' 33' 57.1419" 
Latitude : N 37' 20' 36.3187" 

The resultant average crater dimensions are: 

(1) Crater Radius 129.8 meters(426 ft .) 

(2) Crater Depth 63.4 meters(208 ft.) 

(3) Crater Lip Height 13.4 meters( 44 ft.) 

(4) Lip Crest Radius 147.2 meters(483 ft.) 

(5) Ejecta Boundary 539 meters(1768 ft .) 

(6) Lip Volume, Apparent 2,099,000 cubic meters( 2,745,330 cubic yards) 

(7) Crater Volume, Apparent 1,745,000 cubic meters(2,282,870 cubic yards) 

In accordance with a Memorandum of Understanding with the Atomic Energy 

Commission, the Southwestern Radiological Health Laboratory (SWRHL) con- 

ducted a program of radiological monitoring and environmental sampling to 

document levels of radioactivity released to the off-site areas from 

Project Schooner. This report summarizes the procedures used for the off- 

site surveillance operations and presents the data obtained from this 
I surveillance. 

11. OPERATIONAL GUIDE 

The Southwestern Radiological Health Laboratory serves as the off-site 

radiological safety organization for the AEC in accordance with AEC-PHs 

Memorandum of Understanding, No. SF 54 373, as amended. SWRHL also repre- 

sents the Bureau of Radiological Health and maintains close working rela- 

tionships with the states concerned and other components of the Bureau. 



All parties are kept advised of an operation while it is being conducted, 

and state and other Bureau surveillance networks are alerted when necessary 

to assist in documenting radioactive releases to off-site areas associated 

with AEC testing programs. 

The Director of SWRHL, or his designee, serves as the Off-Site Radio- 

logical Safety Officer on the staff of the Test Manager, NVOO, AEC. The 

radiological safety guidelines established by the AEC which apply to the 

off-site area are seL forth in Item 11-A of  Chapter 0524, "Standard 

Operating Procedures, Nevada Test Site Organization." The responsibilities 

of SWRHL include: 

1. Documenting the radiological situation in off-site areas through 

comprehensive environmental sampling and radiation monitoring. 

2. Assuring continuous protection of public health and safety by 

determining potential and past exposures, and implementing 

protective measures as directed by the Test Manager. 

3 .  Conducting a public contact and information program in the off- 

site area to assure local residents that all reasonable safe- 

guards are being employed to protect public health and property 

from radiation hazards. 

4. Collecting information regarding incidents which may be 

attributed to radioactive releases to the off-site area. 

111. PROCEDURES 

A. Field Operations 

The operational procedures for the SWRHL off-site surveillance 

activities are described in the Environmental Surveillance Ope_r_a_t:ions 

Plan for ProLect Schooner dated October 17, 1968. In general, aerial .----------, ----------Y 

cloud tracking information was used to deploy ground monitors in the 

downwind trajectory area following the detonation.. The monitors 

obtained survey meter readings for external radiation levels, placed 

portable,air samplers and gamma rate recorders to supplement permanent 

sampling and recorder network stations, and collected milk, water, and 

other environmental samples tu document residual contamination levels. 

Permanent thermoluminescent dosimeter (TLD) and film badge stations 



were supplemented by temporary TLD s t a t i o n s  p l a c e d  a t  r e g u l a r  i n t e r -  

v a l s  a l o n g  r o a d s  t o  document c loud passage  and r e s i d u a l  d e p o s i t i o n  

exposures  a c r o s s  t h e  t r a j e c t o r y  a t  v a r y i n g  d i s t a n c e s  ,from ground 

z e r o  ( G Z ) .  TLDfs a n d / o r  f i l m  badges were a l s o  i s s u e d  t o  o f f - s i t e  

r e s i d e n t s  i n  t h e  c loud  t r a j e c t o r y  f o r  documenting exposures  t o  

i n d i v i d u a l s .  

"Hot-spot" moni to r ing  teams u t i l i z i n g  4- by 4-inch NaI(T1) 

d e t e c t o r s  coupled t o  p o r t a b l e  s c a l e r s  surveyed highways i n  t h e  t r a -  

j e c t o r y  a r e a  f o l l o w i n g  c loud  passage  i n  s e a r c h  of "hot-spot" de- 

p o s i t i o n  areas which may have r e s u l t e d  from r a i n - o u t ,  wash-out, o r  

snow-out. The same teams were a l s o  used t o  d e l i n e a t e  low l e v e l  

d e p o s i t i o n  b o u n d a r i e s  a t  g r e a t e r  d i s t a n c e s  from GZ. 

The SWRHL whole-body count ing  f a c i l i t y  was used t o  measure i n -  

t e r n a l  body burdens  o f  s e l e c t e d  i s o t o p e s  i n  p e r s o n n e l  exposed t o  t h e  

r e l e a s e  d u r i n g  t h e  s u r v e i l l a n c e  o p e r a t i o n .  The whole-body count ing  

f a c i l i t y  was a l s o  a v a i l a b l e  f o r  measur ing i n t e r n a l  bo'dy burdens  i n  

o f f - s i t e  r e s i d e n t s  a t  t h e  r e q u e s t  of t h e  T e s t  Manager. 

B. Radioassay Technique 

' D e s c r i p t i o n s  of SWRHL a n a l y t i c a l  p rocedures  a r e  p rov ided  i n  

Chapter  11 of NVO-28, AEC Nevada O p e r a t i o n s  O f f i c e .  

I V .  RESULTS 

A. A e r i a l  S u r v e i l l a n c e  

Both a  main and a  b a s e  s u r g e  c loud  were formed by t h e  Schooner 

e f f l u e n t .  A f t e r  i n i t i a l  development,  t h e  main c loud  s p l i t  a t  approx i -  

mate ly  13,000 f e e t  above mean s e a  l e v e l  (MSL). The upper  p o r t i o n  of 

t h e  main c loud  moved r a p i d l y  i n  a  narrow p a t h  t o  t h e  e a s t - n o r t h e a s t  

and t h e  lower  p o r t i o n  of t h e  main c loud  i n c l u d i n g  t h e  b a s e  s u r g e  

s p r e a d  o v e r  a  l a r g e r  a r e a  and t r a v e l e d  more s l o w l y  t o  t h e  n o r t h  and 

n o r t h e a s t .  



The f i r s t  cloud con tac t  by a SWRHL a i r c r a f t  was a t  0847 hours  

(47 minutes  a f t e r  t h e  de tona t ion )  a t  an a l t i t u d e  of 9,000 f e e t  MSL, 

20 m i l e s  from GZ. A maximum reading  of 70 mR/hr was observed on an  

azimuth of 1 0  degrees  from GZ. 

A second SWRPEL a i r c r a f t  conducted a s p i r a l  descent  through t h e  

upper p o r t i o n  of t h e  main cloud a t  0924 hours ,  35 m i l e s  from GZ,  on 

an 'azimuth of 70 degrees .  The c l o u d . t o p  was a t  17,000 f e e t  MSL. 

A peak a c t i v i t y  of 150 mR/hr was observed a t  14,200 f e e t  MSL. The 

major p o r t i o n  of t h e  a c t i v i t y  encountered was above 13,000 f e e t  MSL, 

al though low l e v e l  a c t i v i t y  appa ren t ly  extended t o  ground l e v e l  

(5,500 f e e t  MSL). The same a i r c r a f t  a l s o  conducted a s p i r a l  descent  

through t h e  lower p o r t i o n  of t h e  main cloud,  35 m i l e s  from G Z ,  on 

an azimuth of 60 degrees .  The cloud top a t  t h i s  po in t  was 13,000 

f e e t  MSL, wi th  a peak read ing  of 120 mR/hr observed a t  12,000 f e e t  MSL 

a t  0928 hours.  The major p o r t i o n  of t h e  a c t i v i t y  i n  t h i s  c loud was 

above 9,000 f e e t  MSL, bu t  a c t i v i t y  a l s o  extended t o  ground l e v e l  from 

t h i s  p o r t i o n .  

A l o n g i t u d i n a l  pa s s  through t h e  upper cloud on an azimuth of 

65 degrees  l o c a t e d  t h e  l ead ing  edge 75 mi les  from GZ a t  1008 hours ,  

wi th  a peak a c t i v i t y  of 90 mR/hr observed 3 mi l e s  from t h e  l ead ing  

edge. The v i s i b l e  p o r t i o n  of t h e  cloud was about 1,000 f e e t  t h i c k  

a t  t h i s  p o i n t ,  w i th  t h e  top of t h e  lead ing  edge loca t ed  a t  17,000 

f e e t  MSL. The cloud top  nea r  t h e  t r a i l i n g  edge (about 35 mi l e s  

from GZ) was a t  14,000 f e e t  MSL, w i th  read ings  i n  t h i s  a r e a  of the 

cloud averaging 40 mR/hr. Subsequent ' t rack ing  i n  t h e  Milford,  Utah, 

a r e a  a t  1330 hours  i n d i c a t e d  t h e  cloud was s t i l l  about 1,000 f e e t  

t h i c k  w i th  a t op  a t  17,000 f e e t  MSL. 

The base surge  moved n o r t h  and n o r t h e a s t  from GZ and remained 

below 9,000 o r  '10,000 f e e t  MSL through t h e  day. Typica l  exposure 

r a t e  r ead ings  observed i n  t h i s  p o r t i o n  of t h e  cloud w e r e :  



TIME ALTITUDE AZIMVIS DISTANCE EXPOSURE RATE 
(hours) (feet MSL) (deg~ees) (miles) (mR/hr) 

1003 8,000 55 55 1 

1012 9,000 40 55 4.5 

1351 7,000 345 32 0.3 

1415 7,000 355 65 0.2-0.3 

1510 8,000 30 125 0.4 

1526 9,700 50 140 0.3-0.4 

On December 9 a tracking a i rc ra f t  equipped with gannna detection and 

a i r  sampling equipment flew from about 40 miles southwest of Milford, Utah, 

to 13 miles north of Dillon, Montana,at 8,500 to 9,500 feet  MSL between 

1053 and 1445 hours PST. Activity from Schooner was located over the 

ent i re  path flown with a maximum of 2000 p ~ i / m 3  ~ r o s s  beta particulate 

act ivi ty  on a sample collected over a 45-mile segment from Delta, Utah, 

to 30 miles southwest of Provo, Utahbetween 1123 and 1133 hours a t  

9,500 fee t  MSL. The gamma detection system showed the peak act ivi ty  to be 

i n  a 3-mile-wide portion about 37 miles southwest of Provo. The next high- 
3 es t  concentration was 540 pCi/m found over a 30-mile segment from 1 7  miles 

south southeast of Dillon, Montanqto 13 miles north of Dillon from 1435 

to  1445 hours a t  9,500 fee t  MSL. 

The return portion of the f l i gh t  from Dillon to  Pocatello, Idaho, 

was flown a t  11,500 feet  MSL between 1448 hours and 1542 hours. Positive 

indications were found over t h i s  leg with a maximum concentration of 
3 340 pCi/m from 22 miles south to 52 miles south of Dillon. Tracking 

resumed a t  1836 a t  Pocatello, flying to  Twin Falls, Idaho, Great Salt  

Lake and Delta, Utah, ending a t  2042 hours. Altitudes flown were 10,500 

and 11,500 fee t  MSL. Low-level positive activity was detected from 

Pocatello t o  Twin Falls to  the Idaho-Utah border near Moulton, Idaho, 

and possibly over t h e  Great Salt  Lake. 

B. Monitoring 

A summary of the gfmir8mmita&ng resu l t s  a t  various off-site 

locations is given in  Appendix A, and the peak obserrred exposure 

ra tes  on December 8 are  shown i n  Figure 1. A l l  readings are  gross 

gamma exposure ra tes  taken three fee t  above the grollnd and measured 

with a Geiger-Mueller ((34) survey turLer, unless otherwise noted. 



Fgum 1. Muirrrwn Observed Exposure Rates at M a y  Cmund Monibrtng Locations 
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Cumulative integrated exposures (determined by graphic integrat ion)  

fo r  populated locations only, based on survey meter readings, a r e  a l so  

presented i n  Appendix A. 

Thc gamma exposure raLes associated with the main cloud, which 

moved northeast ,  were greater than those associated with the base 

surge which moved t o  the  north and then spread northeast. The maximum 

exposure r a t e  observed from the main cloud was 350 mR/hr a t  1100 hours 

which was observed south of Highway 25 about 2.5 miles east  of Queen 

City Summit. (This was the only measurement taken a t  t h i s  location 

during cloud passage and i t  was not substantiated by l a t e r  observations 

A t  Queen City Summit, 3.4 miles west of the  county l i n e ,  t he  peak was 

85 mR/hr a t  1027 hours. The maximum exposure r a t e  observed during 

passage of the base surge cloud was 4.0 mR/hr, approximately 4 miles 

west of Clark Station on Highway 6. 

The maximum exposure r a t e  a t  a populated locat ion w a s  8.5 mR/hr, 

measured during cloud passage at: the  Diablo Maintenance Station,  

47 miles from GZ. Peak exposure r a t e s  greater  than 1 mR/hr at  other 

populated locat ions ,  a l l  i n  the  path of the  lower portion of t he  main 

cloud, were found a t  Pine Creek Ranch, 72 m i l e s  from GZ; Uhalde Ranch, 

75 miles from GZ; Forest Moon Ranch, 104 miles from GZ; and Chavis 

Ranch, 127 miles from GZ. 

The highest gamma exposure r a t e  recorded on U. S. Highway 93 

during cloud passage was 5.0 mR/hr a t  1426 hours, 26 miles north of 

Pioche, 125 miles from GZ. The second highest was 3.1 mR/hr a t  

1539 hours a t  t he  Chavis Ranch, 114 mile ea s t  of Highway 93, 

127 miles from GZ. 

The highest readings observed i n  Utah during cloud passage were 

0.3 mR/hr a t  1800 hours i n  Garrison, 176 miles from GZ, and 0.2 mR/hr 

a t  2023 hours i n  Delta, 256 miles from GZ. 

Monitoring of the  Schooner deposithon on December 8 showed tha t  

the "hot-line" from the upper portion of t he  cloud crossed Highway 25 



near the Lincoln-Nye County line; Nevada Highway 38 approximately 

20 miles south of Sumyside; and Highway 93, 26 miles north of 

Pioche (Figure 1). 

Residual gamma activity at populated locations within 75 miles 

of GZ could be detected with GM survey meters for as long as nine 

days following the detonation (see Appendix A). Residual activity 

near the Lincoln-Nye County line and at Queen City Sumrait could be 

detected with survey meters into January. 

I ,  Hot-spot" teams with 4- by 4-inch NaI(T1) crystal, detector 

systems surveyed highways in Nevada, Utah, Colorado, Wyoming, Idaho, 

Mbntana, and North Dakota during the five days following the Schooner 

experiment to document residual activity patterns (Figure 2). On 

December 9, one of the teams observed the southern edge of deposition 

14 miles north of Pioche, Nevada, on Highway 93. Levels increased to 

a peak of approximately 160 times background 26 miles north of Pioche. 

(Actual measurements were given in gross gamma counts per minute.) 

Vehicle contamination prevented the team from obtaining accurate 

quantitative measurements on deposition patterns on December 9 and 10 

along U. S. Kighway 50 west of Ely, Nevada; Highway 8A north of Austin; 

and U. S. Highway 40 between Wells and Reno, Nevada. On December 11 

the western edge of the deposition pattern was observed approximately 

two miles east of Frenchman Station on Bighway 50. 

A second "hot-spot1' team located the southern edge of deposition 

about 10 miles south of Ranosh, Utah, on U. S. Highway 91 on 

December 9. Levels increased to approximately 26 times background 

31 miles north of Kanosh and returned to background 20 miles north of 

Salt Lake City. Levels of approximately twice background were 

detected from 26 miles west of Pocatello, Idaho, to Twin Falls, 

Idaho, along U. S. Highway 30. On December 10, levels rasged from 

background to twice background from Twin Falls to Coeur D'Alene, 

Idaho, via Boise. On succeeding days the team detected no activity 

which could definitely be attributed to Schooner as they traveled 

from Coeur D'Alene to Fargo, North Dakota, and thence to Las Vegas via 
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Omaha, Denver, and Albuquerque. Background information from western 

Montana eastward and back t o  Las Vegas was not measured pr ior  t o  the 

Schooner Event. However, the  observed data for  t h i s  area  were with- 

i n  the usual background range observed on the  detector system. 

On December 11, a th i rd  "hot-spot" team observed the southern 

edge of deposited a c t i v i t y  10 miles north of Salina,  Utah, on U. S. 

Highway 89. Levels increased t o  a peak of f i v e  times background 

1.6 miles north of Ephraim, Utah, and the "hot-line" was crossed 

again 25 miles southeast of Price,  Utah, on U. S. Highways 6 and 50. 

Maximum leve ls  were four times the  usual background range of t he  

detector system. The apparent edge of a c t i v i t y  was i n  the v i c in i ty  

of Green River, Utah. On succeeding days no a c t i v i t y  a t t r i bu t ab le  t o  

Schooner was detected eastward throagh Grand Junction, Colorado, or  

north t o  Rawlins, Wyoming. 

C. Gamma Rate Recorders 

SWRHL maintains a network of continuously operated GM-type 

detector gamma r a t e  recorders surrounding the Nevada T e s t  S i te .  The 

release from Schooner was monitored by twelve of these s ta t ions ,  as  

shown i n  Figure 3. Appendix B summarizes the recorder data f o r  the 

twelve e ta t ions .  

The highest ac t iv i ty  observed a t  a recorder s ta t ion  occurred a t  

the Diablo Maintenance Station.  The recorder indicated a gross gamma 

peak of 2.7 mR/hr occurring a t  about 1230 hours. A ground monitor a t  

the  same location recorded a peak of 8.5 mR/hr a t  1215 hours. In  

general, the  a r r i v a l  times of ac t iv i ty  agreed with a r r iva l  times 

observed by ground monitors equipped with portable survey instruments 

a t  or  near these locations;  however, peak exposure r a t e s  and the net 

integrated exposures were generally a fac tor  of two t o  three times 

lower f o r  recorder data than those measured with portable survey 

instruments (Table 12). Several factors  could have contributed t o  
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t h e  d i f f e r e n c e  i n  peak r e a d i n g s ,  t h e  most a p p a r e n t  b e i n g  t h e  l o c a t i o n  

o f  t h e  d e t e c t o r s .  For  power purposes ,  t h e  r e c o r d e r s  a r e  g e n e r a l l y  

s i t u a t e d  c l o s e  t o  a s t r u c t u r e ,  which may reduce  t h e  f i e l d  a f f e c t i n g  

t h e  d e t e c t o r ,  i n c r e a s e  t h e  amount of s c a t t e r ,  and a f f e c t  t h e  

d i s t r i b u t i o n  of t h e  d e p o s i t .  Survey mete r  measurements by SWRHL 

moni to r s  a r e  g e n e r a l l y  made away from t h e  i n f l u e n c e  o f  any o b j e c t s  

o r  s t r u c t u r e s .  Other  f a c t o r s  i n c l u d e  t h e  e f f e c t  of t h e  d i f f e r e n t  energy 

r e s p o n s e s  of b o t h  i n s t r u m e n t s  f o r  photons  l e s s  t h a n  100 keV, and t h e  

d i s s i m i l a r  t empera tu re  c o e f f i c i e n t s  and r e a d i n g  a c c u r a c i e s  of t h e  

i n s t r u m e n t s  . 

Ground moni to r s  supplemented t h e  permanent r e c o r d e r  network w i t h  

20 p o r t a b l e  GM-type d e t e c t o r  gamma-rate r e c o r d e r  sys tems p l a c e d  a t  

v a r i o u s  downwind l o c a t i o n s .  These sys tems employ t h e  same GM-type de- 

t e c t o r  used by t h e  m o n i t o r s .  Most of t h e  p o r t a b l e  r e c o r d e r s  were l e f t  

i n  t h e  f i e l d  about  one day and each  was equipped w i t h  one thermolumines- 

c e n t  d o s i m e t e r  (TLD) t o  o b t a i n  a d d i t i o n a l  exposure  d a t a .  The l o c a t i o n s  

o f  t h e s e  r e c o r d e r s  a r e  shown i n  F i g u r e  3 and a summary of t h e  d a t a  i s  

p r e s e n t e d  i n  Appendix C.  The exposure  p e r i o d s  r e p o r t e d  a r e  based on 

t h e  p e r i o d  of r e c o r d e r  o p e r a t i o n .  

The h i g h e s t  a c t i v i t y  observed  on a p o r t a b l e  sys tem o c c u r r e d  a t  

Queen C i t y  Summit, a non-populated l o c a t i o n  on Highway 25. The 

r e c o r d e r  i n d i c a t e d  a g r o s s  gamma peak o f  107 mR/hr o c c u r r i n g  a t  

1025 h o u r s  on December 8. The i n t e g r a t e d  r e c o r d e r  exposure  (determined 

by g r a p h i c  i n t e g r a t i o n )  w a s  1356 mR, w h i l e  a TLD a s s i g n e d  t o  t h e  

r e c o r d e r  had an  exposure  o f  1340 mR. The p e r i o d  of exposure  was from 

0945 h o u r s  on December 8 t o  1413 h o u r s  on December 9 .  A ground moni to r  

w i t h  su rvey  i n s t r u m e n t s  a t  t h e  same l o c a t i o n  recorded  a peak o f  85 mR/hr 

at  1027 h o u r s .  I f  c o n s i d e r a t i o n  i s  g i v e n  t o  t h e  l i m i t s  o f  r e a d i n g  

accuracy  of t h e  i n s t r u m e n t s  and t h e  d i f f e r e n t  l o c a t i o n s  of t h e  d e t e c t o r s  

i n  t h e  r a d i a t i o n  f i e l d ,  t h e n  t h e  peak observed exposure  r a t e s  a r e  i n  

agreement.  The i n t e g r a t e d  r e c o r d e r  exposures  and t h e  cor responding  

TLD exposures  a g r e e  f o r  exposures  g r e a t e r  t h a n  20 mR. Disagreement a t  

t h e  lower  v a l u e s  i s  probab ly  due t o  o p e r a t i o n a l  problems such  a s  

v a r y i n g  background exposure  o r  exposure  t o  contaminated a r e a s  o r  

equipment d u r i n g  TLD r e t r i e v a l  from t h e  f i e l d .  



D. Dosimetry 

Dosimetry coverage f o r  Project  Schooner included the placement 

of TLD's along highways t o  intercept  t he  debris cloud. These in te r -  

cepts were placed along Highways 6 and 25, ranging from 45 t o  65 miles 

from GZ, and Highway 93, averaging 125 miles from GZ. These in te r -  

cepts,  approximating arcs ,  spanned the sector  from north to  northeast. 

An addit ional a r c  of TLD's was placed t o  t he  south, along Highway 95 

from Mercury t o  north of Beatty, a t  an approximate distance of 

45 miles. 

Additional f i l m  badge and TLD s t a t i ons  were established t o  

supplement t h e  routine off-si te dosimetry network and TLD's were 

issued t o  selected of f - s i te  res idents  f o r  whom there  existed a 

poss ib i l i t y  of radiat ion exposure from the Schooner release. 

Two TLD's were placed a t  each s t a t i o n  on the northern in te rcep ts  

so tha t  one could be collected shor t ly  a f t e r  cloud passage and the 

other l e f t  t o  document res idual  ac t iv i ty .  Figure 4 shows the locations 

of the northern in te rcep ts  with respect to  G Z ,  including three  special  

study in te rcep ts  on the  Nel l is  A i r  Force Range. The bold l i n e  LII t he  

f igure  represents t h e  "hot-line" or  path of maximum exposure as  delin- 

eated by the  TLD's. The f i n e  l i nes  indicate  the  edges of the  deposition 

area from both the TLD data and ground monitoring at the time of TLD 

collection.  The in te rcep ts  did not extend f a r  enough west t o  determine 

the  western edge of the  deposition pat tern.  No exposure above back- 

ground was detected by the TLD's t o  the  south of GZ along Highway 95. 

Table 1 provides a summary of the  r e su l t s  obtained from the 

northern intercepts .  Retrieval times f o r  the  second TLD's were 

scheduled to  allow about 99 percent of the t o t a l  exposure a t  t ha t  

s t a t i on  t o  have been accumulated by the TLD's. The highest exposure 

measured along an of f - s i te  TLD in te rcep t ,  the  s ta t ions  of which were 

located a t  two-mile in te rva ls  along Highways 6 and 25, and five-mile 

in te rva ls  a l ~ n g  Highway 93, was 4.76 R i n  195 hours of exposure, 

2.3 miles eas t  of Queen City Summit on Highway 25. T h i s  was the  

closest  TLD s t a t i on  t o  t he  area where t he  highest off-s i te  gamma 
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exposure rate (350 mR/hr) was observed. The details of exposure pro- 

files along each intercept, including the three intercepts on the 

Nellis Air Force Range used for the special study, are shown in 

Figures 5 through 9. In some cases, shorn in Figure 8, the 

exposures to TLD's collected on December 8 were higher than those 

collected a week later. This indicates an exposure while the first 

TLD1s were transported across contaminated areas during retrieval. 

TABLE 1 

Maximum TLD Exposures on Northern Arcs 

PEAK EXPOSURE AT FIRST TED SEeOND TLD 
Azimuth Mstance Exposure Exposure Exposure Exposure 
(degrees) (miles) Period (R) Period (R) 

(hours] (hourC) 

54 44 9 1.40 195 4.76 

58 122 18 0 .a46 119 0.075 

The results from 23 permanent TLD and film badge stations are 

presented in Table 2 and the station locations are shown in 

Figure 10. The exposures cover approximately a 50-day period from 

early November to late December. The highest TLE) exposure at any 

network station was 1.89 R at Queen City Summit. Approximately 

0.3 miles east of this location, a TLD intercept station measured 

3.16 R in 195 hours of exposure (Figure 8). The highest exposure 

measured with a TLD at a populated location was 149 mR at the 

Diablo Maintenance Station. 
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TABLF: 2 

Net TLD and Film Badge Exposures a t  Fixed S t a t i o n s  

LOCATION 
(Azimuth, Dis tance)  

EXPOSURE PERIOD EXPOSURE RECORDED (mR) 
(From - To) TLD Fi lmBadge  

Andy's Mine 
73') 47 m i  

Be l l ehe l en  Mine 
8O, 50 m i  

B l ~ e  J a y  Maintenance S t a t i o n  
15 , 76 m i  

Cas€.y1s Ranch 
39') 82 m i  . 

Clark  S t a t i o n  
352') 57 m i  

CNSTA 
13', 76 m i  

Coyote Summit (Highway 25) 
72') 5 1  m i  

Diablo Maintenance S t a t i o n  
33', 47 m i  

Hancock Summit (Highway 25) 
85') 64 m i  

Hot Creek Ranch 
7', 82 m i  

Nevada Farms 
63', 46 m i  

Queen C i t y  Summit (Highway 25) 
5 s 0 ,  44 m i  

ReEd Ranch (Vacant) 
38 , 37 m i  

Simpson's Ranch 
42' , 75 m i  

S t icke lman ' s  Farm 
357') 55 m i  

S tone  Cabin Ranch 
356', 61 m i  

Tempiute 
68') 55 m i  



TABLE 2 (continued) 

LOCAT ION 
(Azimuth, Distance)  

EXPOSURE PERIOD EXPOSURE RECORDED (mR) 
(From - To) TLD Film Badge 

Twin Springs Ranch 
l g O ,  63 m i  

Walsh's Ranch 
(Pine Creek) 
46', 72 m i  

Warm Springs 
l o 0 ,  61 m i  

West Reve i l l e  M i l l  11/6-12/27 6 30 
24', 53 m i  

TLD's were i s sued  t o  seventeen o f f - s i t e  r e s i d e n t s  on t h e  day of 

t h e  event and Were c o l l e c t e d  approximately one week l a t e r .  The 

exposures are l i s t e d  i n  Table 3. The h ighes t  exposure i n  t h i s  group, 

165 mR, was rece ived by a sheepherder from Uhalde Ranch near Adaven, 

Nevada. The sheepherder was tending s e v e r a l  hands of sheep during 

t h e  exposure per iod ,  and apparent ly  spent  some t i m e  i n  t h e  v i c i n i t y  

of high depos i t ion ,  e a s t  of t h e  ranch i n  White River  Valley. He 

received a higher  exposure than those  people who remained near  t h e  

ranch. Exposures t o  two o t h e r  Uhalde Ranch r e s i d e n t s  were 16  

and 25 mR. A TLD s t a t i o n  at  t h e  ranch ind ica ted  an exposure of 25 m. 

The next  h ighes t  exposure, 57 mR, was t o  a r e s i d e n t  a t  t h e  Diablo 

Maintenance Sta t ion .  The man's work included d a i l y  t r i p s  t o  t h e  

Queen Ci ty  Summit a r e a  where higher  l e v e l s  of r e s i d u a l  contamination 

exis ted .  A second Diablo r e s iden t  who remained a t  home during t h i s  

per iod  received a n  exposure of 35 mR. 



Exposure t o  Off-Site Residents 
(TLD and Film Badge Results) 

LOCATION RESIDENT DOSINETER ISSUE COLLECTION EXPOSURE 
(Azimuth, Distance) IDENTIFICATION DATE DATE (a) 

Blue Eagle Ranch 
32", 97 m i  

Blue Jay Maintenance 
Sta t ion ,  15 , 76 m i  

currant  Maigtenance 
Sta t ion ,  33 , 116 m i  

Diablo Maintenance! 
S ta t ion ,  33', 47 m i  

Simpson's Ranch 
42", 75 m i  

Sunnyside 
47", 112 m i  

Twin Springs Ranch 
18". 63 m i  

Uhglde Ranch 
45 , 75 m i  

m 
TLD 
TLD 

FB 
Pn 

TLLI 
TLD 

TLD 
FB 
TLD 
FB 

FB 
FB 
m 
FB 
FB 

TLD 
TLD 
TLD 
TLD 

TLD 
TLD 
TLD 
TLD 
FB 

TLD 
TLD 
TLD 
TLD 

a 
TLD located outside ranch house. 

Film baclges issued rout ine ly  t o  res idents  a t  Blue Jay Maintenance 

S ta t  ion, Twin Springs Ranch, Nyala, and Simpson's Ranch a t  Adaven 

d i d  not indica te  exposures above t h e i r  minimum s e n s i t i v i t y  of 30 mR. 

Two res idents  a t  the  Diablo Maintenance Sta t ion  received exposures on 

t h e i r  f i lm badges of 70 mR and 35 mR f o r  the  period November 7 t o  

January 2. The higher exposure is  consis tent  with an exposure of 

57 mR on a TLD worn by the  same individual f o r  the period 

December 8-16. 



E. Vegetation Sampling 

Natural vegetation samples, primarily sage and grease-wood brush, 

were collected a t  lo-mile in te rva ls  along v a i o u s  roads and highways 

across  t h e  t ra jectory.  Vegetation samples collected i n  t he  dowanlnd 

area indicated wide-spread contamination caused by high winds and 

broad-scale dif fusion of the  base surge cloud. The attempt a t  t ra jec-  

tory delineation by vegetation samples was unsuccessful. 

Locations of sampling points a r e  indicated i n  Figure 11 and the 

r e s u l t s  a r e  l i s t e d  i n  Appendix D. A l l  samples w e r e  analyzed for  

gross g q m  a c t i v i t y  and t h e  'highest qdun- f n  t~& off -s i te  are'a were 

found along T-Fiph@ays 6, 25, 38, and 93,. These coinits r&riged from 

21,,000 to: 3,800,000 epm/kg, f resb  weight., with t h e  peak actSvLtg oc-. 

curring near Queen City Summit on Highway 25 and i n  an area 20 miles 

north of P io ibe  :an ECghWay 93. T:b&e spm@$zes the hKghq$t 

acCiV%tie$ found along ~ ~ t h e  v&r%&us hzghwdys. Schooner relared 

a c t i v i t y  was not detected i.n vegetation samples taken in Colorado, 

Meb~aska, and New Mexico. 

TABLE 4 

Gross Gamma Activity on Natural Vegetation 

LOCATION DATE OF COUNT GROSS GAMMA 
(cpmlkn) 

Highway 25 - 2 mi E of Queen City 12/10 3,800,000 
Sunrmit 

Highway 38 - 20 m i  S of 
Sunnyside 

Highway 6 - 30 m i  E of 
Tonopah 

Highway 6 - 40 m i  NE of Warm 
Springs 

Righway 93 - 20 m i  N of Pioche 

Highway 50 - 50 m i  E of Austin 

Highway 21 - 7 m i  S of Garrison, 12/13 63,000 
Utah 





Further sampling of natural vegetation was performed in June, 

August, October, and November 1969, in the Schooner deposition area. 

Unfortunately, sampling locations differed from those used in earlier 

collections and those used for the fiollow-up study. All samples were 

analyzed for 18'w and the highest counts were again found along High- 

way 25. Table 5 sumrizes the highest 18% activities found along the 

various highways. 

TABLE 5 

Follow-up Activity in Natural Vegetation 

LOCATION DATE OF COUNT 18lW 

Highway 25 - 0.5 mi W of Queen 6/12/69 1,900,000 
City Summit 

Highway 6 - 25 mi E of Tonopah 6/12/69 320,000 

Highway 93 - 31 mi N of Pioche 10/09/69 68,000 

Highway 21 - 15 m i  SE of Garrison, 11/10/69 2,200 
Utah 

Highway 257 - 15 m i  S of Deseret, 10/27/69 1,800 
Utah 

Highway 91 - 30 mi N of Kanosh, 10/27/69 2,500 
Utah 

Tungsten-181 (300 pCi/kg) was found on December 22, 1969, in 

barley grown at Nevada Farms (6z0, 45 miles), south of Highway 25, 

approximately 4 miles east of the "hot-line." This barley was 

planted in September 1968, and harvested in July 1969. 

Radiochemical separations were made on some vegetation samples 

to determine the zatio of "'W to 185w . A ratio of 2.1:l was meas- 
ured on October 30, 1969. 

F. Air Sampling 

Ninety-one air sampling stations operated for SWRRL as 

an Air Surveillance Network (ASN) west of the Mississippi River 

collected Schooner radioactivity. In addition, nine 



portable sampling un i t s  operated by SWRHL monitors i n  the off-  

s i t e  area  a l so  collected Schooner ac t iv i ty .  Figure 12 shows the  

locations of a i r  sampling s t a t i o m i n  operation during the Schooner 

surveil lance period. The s ta t ions  col lect ing a c t i v i t y  resu l t ing  

from Schooner a r e  designated i n  t h e  figure.  These included a l l  

s t a t i ons  i n  Nevada with t he  exception of the Reno s t a t i on ,  a l l  

s ta t ions  i n  t h e  northern two-thirds of Utah and the western half of 

Oregon and Washington, and a l l  s t a t i ons  (ineluding standby s ta l ions)  

in  Colorado, Wyoming, Idaho, Montana, South Dakota, and Nebraska, 

Several s t a t i ons  i n  California,  Arizona, New Mexico, Texas, Louisiana, 

Missouri, and Iowa a l sn  observed Schooner radioact ivi ty .  

The r e s u l t s  a r e  tabulated i n  Appendix E. Act iv i t i es  reported 

a re  extrapolated t o  the  end of the sampling period and rounded t o  two 

s ign i f ican t  f igures following calculation. Only those f i l t e r s  

showing posi t ive  gamma re su l t s  have been reported. The beta r e su l t s  

a r e  extrapolated t o  t he  end of the sampling period, based on the 

decay observed on a f i l t e r  obtained from a PHs a i r c r a f t  sampling the 

primary Schooner cloud. Gross beta decay charac te r i s t ics  of several  

ASN f i l t e r s  s tudies  matched the  gross beta decay charac te r i s t ics  of t he  

a e r i a l  sample over t he  period f o r  which the ASN f i l t e r s  were studied. 

The predominant radionuclide present on f i l t e r s  was 18TW 

Table 6 presents a summary of r e s u l t s  from s t a t i ons  i n  Nevada 

col lect ing the highest amounts of a ~ t i v i t y  on the day of the  event. 

The r e s u l t s  a r e  sums of spec i f i c  isotopes detected on a par t icu la te  

f i l t e r  and charcoal car t r idge f o r  each sampling period. Integrated 

concentrations ranged downward from 12,000 sec/m3 of 1 8 7 ~  and 

6.8 p~i.sec/m3 of Five of the more ac t ive  samples were selected 

f o r  recounting by gamma spectroscopy 13 months post-shot, i n  order t o  

look f o r  the  longer-lived isotopes. Thelesults a r e  included in  

Table 6. 

187 
I n  s t a t e s  other  than Nevada, the  highest integrated W concen- 

t r a t i ons  measured were from both Garrison, Utah, and Mountain Home, 

Idaho. The lS7w value was 240 p~i.sec/m3. Table 7 shows the highest 

lS7w concentrations a t  some locations in  s t a t e s  other than Nevada. 

The r e s u l t s  were obtained i n  the  same manner a s  f o r  Table 6. 
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Figure 12. Air Sampling Locations 



TABLE 6 

Highest Off -S i te  A i r  Sampling Resu l t s  i n  Nevada - December 

LOCATION SAMPLING PERIOD ISOTOPIC ANALYSIS 
(Azimuth, Distance)   at e/Time 187 131 181 

W I W 137cs 106 
Ru 

54 
From -To Mn 

Clark  S t a t i o n ,  ~ e v a d a ~  8/0955-8/2145 
(St$ckelmants Farm) 
356 , 55 m i  

a 
Queen C i t y  Summit 8/0938-8/1713 
(Highway 25) 

w' 48 , 47 m i  
0 

44 m i  W of Hiko 8/0950-8/1050 
(Highway 25) 
56O, 48 m i  

1,100,000 No NA 
4,000 Charcoal - - 

C a r t r i d g e '  
Run 

a 
Antelope Summit 8/1030-910856 
(Highway 50) 
22', 157 m i  

a 
Warm Springs 
11°, 60 m i  

10 m i  N of Diablo 8/0945-8/2113 
(Highway 25) 
30°,  56 m i  

a 
Sample recounted 13 months post  -shot.  

NA - No a n a l y s i s  performed f o r  t h e s e  i so topes .  
"- - Not d.etected.  Notat ion impl ies  t h e  c h a r a c t e r i s t i c  photopeaks f o r  t h a t  i so tope  were e i t h e r  not  

p r e sen t  o r  masked. 



TABLJ3 6 (cont inued)  

LOCATION SAMPLING PERIOD ISOTOPIC ANALYSIS 
(Azimuth, ' ~ i s t a n c e )  Da te/Time 187w 1311 18lW 137 

From-To CS l o 6 ~ u  4Mn 
pCi - pCi 

- .  
PC i - PC i 

,- 
pCi - pCi - 

m 
3 

m 
3 

m 
3 

m 
3 

m 
3 

m 
3 

--------- ------- ------- ------- ------- ------- 
)*Cis s e c  P C ~ - s e c  p C i w s e c  p C i - s e c  pCi .sec pCi .sec 

3 3 C)  3 C)  C) 

Kavanaugh Ranch 8/1150-8/2130 36,000 ND NA NA NA NA 
52', 133 m i  1 ,200 - - -- -- -- - - 

a 
Eureka 
12', 153 m i  

- ~ l u e  JayMain tenahce  8/0900-9/0720 13,000 ND NA NA NA NA 
S t a t i o n ,  15', 75 m i  1 ,000 - - -- -- -- - - 
Duckwater (Hals tead 8/1000-9/0800 12,000 ND NA NA NA NA 
Ranch) 25', 117 m i  980 -- -- - - - - -- 
Diablo Maintenance 8/0650 -8/2 110 17,000 12 NA NA NA NA 
S t a t i o n ,  35', 46 m i  860 0.6 -- -- -- - - 
Round Mountain 8/1145-9/1140 10,000 ND NA NA NA NA 

, ,344', 98 m i  860, - - -- -- - - -- 
Lund 8/0743 -8/2230 16,000 ND NA NA NA NA 1.: " 3g0,  135 m i  8 40 -- -- -- . -- -- 
Lockes 
26', 97 m i  

a 
Sample reoounted 13 months post-shot .  

NA - No a n a l y s i s  performed f o r  t he se  i so topes .  
ND - Not de t ec t ed .  Notat ion impl ies  t h e  c h a r a c t e r i s t i c  photopeaks f o r  t h a t  i so topk  were e i t h e r  not  

. . . .  . presen t  o r  masked. 
'. . . 

. . 



TABLE: 7 

Highest  A i r  Sampling Resu l t s  Outside Nevada - December 

187 
LOCAT I ON W SAMPLING PER IOD 
(Azimuth, Dis tance)  ( p ~ i / m 3 )  (p~ i . s ec / rna )  ( ~ a t e / T i m e )  

From -To 
-- 

Garr i son ,  Utah 
52O, 176 m i  

Mountain Home, Idaho 
70°, 402 m i  

Boise ,  Idaho 
2', 434 m i  

Dugway, Utah 
46O, 286 m i  

Twin F a l l s ,  Idaho 
17O , 377 m i  

D e i t a ,  Utah 
57 , 256 m i  

Wendover, Utah 
30°,  269 m i  

P o c a t e l l o ,  Idaho 
30°,  438 m i  

Grand Junc t ion ,  Colorado 
75O, 451 m i  

Provo, Utah 
53O, 330 m i  

Bozeman, Montana 
26", 641 m i  

S a l t  Lake C i t y ,  Utah 
47O, 345 m i  

a 
Charcoal c a r t r i d g e  added 8/1805. 

Radioiodine was de t ec t ed  i n  some a i r  samples a l though a minimum 

of 1 ,000  pci/m3 of 1 8 7 ~  would lnask t h e  prcsence of nhollt  10 p ~ i / m 3  of  

13'1. Th i s  100: l  r a t i o  (187~/131~) seemed t o  hold f o r  most f i l t e r s .  

In s t a t e s  o t h e r  than  Nevada, t h e  h ighes t  i n t e g r a t e d  concen t r a t i on  
131 

sampled was from Mountain Home, Idaho, where t h e  I va lue  was 
3 131 

0.6 pci*sec/m . Table 8 l i s t s t h e  h ighes t  i n t e g r a t e d  . I concen- 

t r a t i o n s  a t  some s t a t i o n s  o u t s i d e  Nevada. 



TABLE 8 

Radioiodine i n  A i r  Samples Outside Nevada - December 

LOCAT ION 
(Azimuth, Dis tance)  

1311 
SAMPLING PERIOD 

(pci/m3) ( p . ~ i .  sec/m3) ( ~ a t e / ~ i m e )  
From -To 

Mountain Home, Idaho 
7', 402 m i  

Twin F a l l s ,  Idaho 
17', 377 m i  

D e l t a ,  Utah 
57', 256 m i  

Wendover, Utah 
30°,  269 m i  

Grand Junc t ion ,  Colorado 
75', 451 m i  

Pueblo, Colorado 
84O, 655 m i  

Bozeman, Montana 
26', 641 m i  

North P l a t t e ,  Nebraska 
73O, 883 m i  

Casper ,  Wyoming 
55', 661 m i  

Durango , Colorado 
go0,  477 m i  

S t .  George, Utah 
96', 166 m i  

a 
Charcoal c a r t r i d g e  added 8/1805. 

Atmospheric mois ture  samples were c o l l e c t e d  by molecular  s i e v e  

sampling systems a t  s e l e c t e d  o f f - s i t e  l o c a t i o n s .  The r e s u l t s  a r e  

shown i n  Table  9. 



TABLE: 9 

Tr i t ium i n  Atmospheric Moisture Samples 

LOCAT ION DATE/TIME VOLUME WATER TRITIUM 
(Azimuth, ~ i s t a n c e 2  (On-Of f  ) A I R  RECOVERED 

(m3 ( 1 )  (pCi!m $ONCENTRATION Ai r )  (pCilm1 H 2 0 )  

Q u ~ e n  C i t y  Summit 8/0953-8/1220 1.6 3.98 935 378 
53 , 44 m i  

Diablo Maintenance 8/0940-8/1310 1.9 4.75 42.3 16.9 
S t a t i o n ,  33O, 47 m i  

Kavanaugh Ranch 8/1705-8/2005 1 .4  2.11 42.5 2 4 . 4  
4g0, 138 m i  

Gunderson Road 8/1030-8/1115 d . 3  1.43 ~ 3 5 ~  2.7.3 
Turno f f ,  Highway 25 
5g0,  45 m i  

8/1718-8/1810 a. 4 2.17 a  Gar r i son ,  Utah = 2 7 =5.0 
51°, 176 m i  

a  
Data a r e  r econs t ruc t ed  from t o t a l  mois ture  r ecove r i e s .  

G. Milk Sampling 

SWRHL monitors  c o l l e c t e d  milk samples from 45 l o c a t i o n s  i n  Nevada and 

Utah fo l lowing  t h e  Schooner event .  Milk samples were a l s o  obtained from 38 

Standby Milk Su rve i l l ance  S t a t i o n s  from t h e  network covering 

t h e  T.,cstern U.S .  The l a t t e r  s t a t i o n s ,  l oca t ed  i n  Colorado, Idaho, 

Montana, Utah, and Wyoming, mai led d a i l y  samples t o  SWRHL f o r  a  

seven-day per iod fo l lowing  t h e  event .  The sampling l o c a t i o n s  a r e  

shown i n  F igu re s  13 and 1 4  and t h e  r e s u l t s  of  t h e  ana lyses  a r e  l i s t e d  

i n  Appendix F. 

Samples from 17  l o c a t i o n s  i n  Nevada and 12 l o c a t i o n s  i n  Utah 
187 

conta ined  W. Iodine-131 was de t ec t ed  a t  on ly  f o u r  of  t h e s e  

l o c a t i o n s  i n  Nevada and a t  one i n  Utah. No Schooner-related a c t i v i t y  

was found i n  samples c o l l e c t e d  from any o f  t h e  o t h e r  s t a t e s .  
137 

NO n o t i c e a b l e  i n c r e a s e  i n  8 9 ' ~ r ,  9 0 ~ r ,  o r  . C s  l e v e l s  was observed 

i n  any of t h e  c o l l e c t e d  samples. 
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Figure 13. Milk Sampling Locations 
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187 
The h i g h e s t  W c o n c e n t r a t i o n  i n  m i l k  (9 ,100  p c i / l )  was found 

i n  t h e  December 9  sample  from t h e  Chavis  Ranch n o r t h  o f  P i o c h e ,  

Nevada, and t h e  h i g h e s t  1311 c o n c e n t r a t i o n  (100 p C i / l )  was i n  a  

December 11 sample  f r o m t h e  Boyd Schena Ranch n e a r  Abraham, Utah. 

Iodine-131 i n  m i l k  o c c u r r e d  i n  such low c o n c e n t r a t i o n s  t h a t  i t s  

p r e s e n c e  p robab ly  remained u n d e t e c t e d  i n  many i n s t a n c e s  because  of  
187 

t h e  masking e f f e c t  o f  W. I n  a n  exper iment  conducted a t  SWRHL, s i x  

mi lk  samples  c o l l e c t e d  i n  Nevada and Utah on December 1 0 ,  11, and 12  
187 

were passed  th rough  a n  a n i o n  exchange r e s i n  t o  s e p a r a t e  t h e  W 

( r e s i n )  and 1311 ( e f f l u e n t ) .  I n  o n l y  two i n s t a n c e s  from Nevada 
131  

samples d i d  t r a c e  amounts of  I a p p e a r  (<30 p c i / l ) ,  i n d i c a t i n g  t h e  
131 

p r e s e n c e  o f  o n l y  low c o n c e n t r a t i o n s  o f  I i n  mi lk  con tamina ted  by 

Schooner d e b r i s .  

H.  Milk Cow ~ e e d  Sampling 

Milk cow f e e d  samples  were c o l l e c t e d  from 44 m i l k  sampl ing  

l o c a t i o n s  i n  Nevada and  Utah,  a s  shown i n  F i g u r e  1 5  and l i s t e d  kn 

Appendix G. Feed samples  from a l l . l o c a t i o n s  e x c e p t  one c o n t a i n e d  
187w 187w . The p r e s e n c e  of  o t h e r  r a d i o n u c l i d e s  was masked by 

187w 
The h i g h e s t  f e e d  c o n c e n t r a t i o n  found was 8 ,200 ,000  pc i /kg  

a t  t h e  Chavis .Ranch n o r t h  of P i o c h e ,  Nevada, where t h e  h i g h e s t  mi lk  

c o n c e n t r a t i o n  (9 ,100 p c i / l  187W) was a l s o  found.  

I. Water and Snow Sampling 

Water samples  were c o l l e c t e d  a t  82 p o p u l a t e d  l o c a t i o n s  and open 

s o u r c e s  i n  Nevada and Utah. F i g u r e  16 shows t h e s e  sampl ing l o c a t i o n s  

and i d e n t i f i e s  t h o s e  s t a t i o n s  which were p o s i t i v e  f o r  1 8 7 ~ ,  t h e  o n l y  
3  

gamma e m i t t i n g  i s o t o p e  found i n  w a t e r .  T r i t i u m  ( H )  a n a l y s i s  was 

performed o n  most domes t i c  w a t e r  s u p p l i e s  and on a  few s o u r c e s  used  

f o r  w a t e r i n g  l i v e s t o c k .  



A Negative Gamma $can 

Figure 15. Milk Cow Feed Sampling Locations 
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Figure 16 Water Sampling Locations 



Tungsten-187, which has  a h a l f - l i f e  of 24 hours ,  was found i n  i t s  

h ighes t  concen t ra t ion  C770,OOO pCi / l )  i n  F a l l i n i ' s  Pond near  Twin Spr ings ,  

Nevada. This  pond was a l s o  t h e  s i t e  of t h e  h ighes t  concen t ra t ion  of 

3~ (16,000 p C i / l )  t h a t  was found; t h i s  v a l u e  r e p r e s e n t s  l e s s  than 

2 percent  of t h e  FRC concen t ra t ion .gu ides  f o r  t h e  continued i n t a k e  of 

3 ~ .  Th is  pond i s  used f o r  water ing l i v e s t o c k .  Fur the r  sampling a t  

t h i s  l o c a t i o n  from J u l y  through October 1969, has  produced 3~ concentra- 

t i o n s  ranging from 2,000 p C i / l  t o  <400 p C i / l .  The second h ighes t  con- 

c e n t r a t i o n  of 1 8 7 ~  (110,000 p C i / l )  and of 3~ (3,500 p C i / l )  was found 

i n  a pond a t  Clark S t a t i o n ,  about 16 mi les  west of Warm Springs ,  Nevada. 

This pond i s  a l s o  used f o r  water ing l i v e s t o c k .  

Tungsten-181 has  been de tec ted  i n  water  samples a s  r e c e n t l y  a s  

October 1969. a t  two open sources ,  F a l l i n i ' s  Pond and a pond a t  Reed 

Ranch (vacant)  near  t h e  Diablo Maintenance S t a t i o n .  Appendix H pre- 

s e n t s  t h e  r e s u l t s  from a l l  water  samples c o l l e c t e d .  Sixteen s'amvles 
187w 

c o l l e c t e d  from domestic water  s u p p l i e s  conta ined . Tahle 10 l ists 
3 

t h e s e  s t a t i o n s  and t h e i r  1 8 7 ~  and H concen t ra t ion .  The appearance of 

low q u a n t i t i e s  of 1 8 7 ~  a c t i v i t y  i n  water  samples c o l l e c t e d  from closed 

water systems wi th  l e s s  than  minimum d e t e c t a b l e  q u a n t i t i e s  of 1 8 7 ~  on 

subsequent samples sugges t s  t h a t  t h e  samples could have been cross-  

contaminated. 

TABLE 10 

Domestic Water Sampling Resu l t s  

SAMPLING LOCATION 
187w 3~ 

DATE TYPE OF SOURCE 
(pCi.11) (pCi / l )  COLLECTED - 

Adaven, Nevada 21,000 4 80 12/11 Spring (open) 
simps& Ranch 2,800 No a n a l y s i s  12/13 Spring (open) 

42', 75 m i .  

Adaven, Nevada 
Uhaldg ' s Ranch 

45 , 75 m i .  

10,000 550 12/10 Spring (c losed)  

Clark  S t a t i o n ,  Nevada 8,300 <400 , 

Stone Cabin Ranch 
356O, 61  m i .  

12/11 Spring (open) 



TABLE 10 (con t  inlied) 

SAMPLING LOCATION 
187w 3~ 

DATE TYPE OF SOURCE 
( p C i / l )  ( p c i / l )  COLLECTED 

Deeth , Nevada 560 2,800 1 2 / 1 1  pond ( o ~ e n )  
L o t s p e i c h  Ranch 

15O, 266 m i .  

Diablo  Highway Maintenance 290 <400 12 /10  Well ( c l o s e d )  
S t a t i o n ,  Nevada 

330, 47 m i .  

I Duckwater, Nevada 
H a l s t e a d  Ranch 

24O, 119 m i .  

Eureka,  Nevada 
Morr ison Ranch 

11°, 167 m i .  

Nyala,  Nevada 
Casey ' s  Ranch 

3g0, 82 m i .  

Nyala ,  Nevada 
SharpAs Ranch 

34 , 76 m i .  

P ioche ,  Nevada 

I Court  House 

~ 6g0, 1 2 1  m i .  

! Pioche ,  Nevada 
Wil l iams & Sons 

1 63O, 129 m i .  

Shoshone, Nevada 
Kirkeby Ranch 

, 47O, 160 m i .  

1 ,400  1 ,300  12/10 Well ( c l o s e d )  

2,400 <400 12 /10  Well ( c l o s e d )  

320 ~ 4 0 0  12 /10  Well ( c l o s e d )  

320 ~ 4 0 0  12 /10  Well ( c l o s e d )  

360 < 400 12 /10  Well ( c l o s e d )  

1 , 2 0 0  < 400 1219 Spr ing  (open) 

420 < 400 1219 Well ( c l o s e d )  

Warm S p r i n g s ,  Nevada 1 ,200  2,000 12 /10  S p r i n g  (open) 
S e r v i c e  S t a t i o n  & Cafe 

l o 0 ,  6 1  m i .  

U r s i n e ,  Nevada 
Donohue Ranch 

63O, 145 m i .  

Hinckley,  Utah 
Walt Ekins  Ranch 

57O, 252 m i .  

2 ,100 < 400 12/12 Stream (open) 

12/10 Well ( c l o s e d )  



Snow samples were collected from four locations. The 187~ and 

3~ concentrations are given in Table 11. 

TABLE 11 

Snow Sampling Results 

187w 
SAMPLING LOCATION 3~ DATE 
(Azimuth, Distance) (pCi/l) (pci 11 COLLECTED 

Adaven, Nevada, 5.7 mi W of 23,000,000 5,200 1219 
Pine Creek Ranch 
46O, 68 mi. 

Preston Nevada, Black-Jack 63,000 10,000 12/11 
Inn, 34', 139 mi. 

Ely, Nevada, 34O, 160 mi. 12,000 5,900 . 12/11 

Coeur D'Alene, Idaho ~ 5 0  No Analysis 12/11 
58 mi E on Idaho-Montana Line , 

4O, 701 mi. 

J. Wildlife and Animal Sampling 

Two deer were collected in the Ely Ranger District of the 

Humboldt National Forest (i.e., surrounding the Mt. Wheeler and 

Lehman Cave area at ~urphy's Wash), about 20 miles from the major 

"hot-line." The deer had 1 3 1 ~  thyroid concentrations of 130 pCi/gm 

and 170 pCi/gm at the time of death, December 19, 1968. 

Small amounts of tungsten were found in edible tissue of cattle 

grazing in the Schooner deposition pattern. Complete results will 

be reported at a later date by the Animal Investigation Program of 

SWRHL . 



V. DISCUSSION 

A. Fallout Pattern and Maximum Exposure Rates 

Monitoring .with portable survey instruments, and residual depo- 

sition determined by vegetation samples, indicated that the fallout 

was dispersed over a very large area, as shown in Figure 17. Due 

to continuing redistribution of fallout material by high winds, 

the edges of the field were not precisely delineated. However, 

as the figure indicates, the western edge extended as far west as 

Tonopah, Nevada, and crossed Highway 50 between Frenchman and East- 

gate, Nevada. Contamination of monitoring vehicles prevented 

delineation of the western edge beyond Highway 50. The eastern 

edge crossed Highway 25 near Hancock Summit, then crossed Highway 93 

about 10 miles north of Pioche, Nevada, and finally extended into 

Utah, crossing Highway 21 northeast of Milford, Highway 91 south of 

Kanosh and Highway 89 just north of Salina, Utah. 

Two major "hot-lines" were produced as a result of the meteoro- 

logical conditions on December 8.. Figure 17 shows the "hot-lines" 

and indicates the maximum observed gross gamma exposure rate levels 

in these areas. The "hot-line" associated with the base surge 

crossed Highway 6 approximately 4 miles west of Clark Station or 

20 miles west of Warm Springs. Here the maximum exposure rate 

observed by a monitor during cloud passage was 4.0 mR/hr. The 

base surge was well dispersed and of very low activity as it crossed 

Highway 50. Its greatest residual activity on Highway 50 was 

observed about 25 miles east of Eureka, between Pancake and Antelope 

Summits. At 1410 hours on December 9 an exposure rate of .08 mR/hr 

was recorded at that location. 

The "hot-line" associated with the main cloud was well defined by 

means of survey instruments and vegetation sampling. The "hot-line" 

crossed Highway 25 about 2.5 miles east of Queen City Summit, where 

a PHs field worker on a non-monitoring assignment recorded 350 mR/hr 

just south of the highway shortly after the peak activity is assumed 



S C A L E  O F  MILES 
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Figure 17. Fallout Pattern and Maxlmum Observed Hot-Line Expoeure Rates 



1 
t o  have p a s s e d  th rough .  The h i g h e s t  exposure  r a t e  a l o n g  Highway 93 

o c c u r r e d  26 m i l e s  n o r t h  of P ioche ,  Nevada. A peak c loud  passage  

exposure  r a t e  of 5 .0  mR/hr was recorded  a t  t h i s  l o c a t i o n .  Two a r e a s  

.. of  maximum r e s i d u a l  ground a c t i v i t y  were observed a l o n g  Highway 21  

s o u t h e a s t  of G a r r i s o n .  Exposure r a t e s  of 0.4 mR./hr were observed  

between 1600 and 1700 h o u r s  on December 9  a t  b o t h  27 and 47 m i l e s  

s o u t h e a s t  of G a r r i s o n .  However, v e g e t a t i o n  samples c o l l e c t e d  a l o n g  

t h e  highway seem t o  i n d i c a t e  t h a t  t h e  g r e a t e s t  r e s i d u a l  a c t i v i t y  

o c c u r r e d  7 m i l e s  s o u t h e a s t  of G a r r i s o n  (Appendix D). 

Maximum exposure  rate r e a d i n g s  observed beyond Highway 21  i n t o  

c e n t r a l  Utah a r e  shown i n  F i g u r e  17 .  Not i n c l u d e d  i n  t h i s  f i g u r e  

a r e  exposure  r a t e  l e v e l s  observed n o r t h  o f  Ephraim on Highway 89 

and s o u t h e a s t  of P r i c e  on Highway 50. For  t h i s  p o r t i o n  of t h e  

p a t t e r n  mobi le  scann ing  teams equipped w i t h  4- by 4-inch s c i n t i l l a t i o n -  

d e t e c t o r s  were u t i l i z e d .  

B. Cloud T r a v e l  

A e r i a l  moni to r ing  and t r a c k i n g  i n d i c a t e d  t h a t  t h e  upper  p o r t i o n  

o f  t h e  main c loud  of t h e  Schooner d e b r i s  (above 13,000 f e e t  MSL) 

t r a v e l l e d  t o  t h e  e a s t - n o r t h e a s t  and t h e  lower  p o r t i o n  of t h e  main 

c loud  i n c l u d i n g  t h e  b a s e  s u r g e ,  t o  t h e  n o r t h  and n o r t h e a s t .  The 

upper  p o r t i o n  of t h e  main c loud  moved t o  t h e  e a s t - n o r t h e a s t  w i t h  

a n  average  speed of about  37 m i l e s  p e r  h o u r ,  t h e  lower p o r t i o n  o f  

t h e  main c loud  moved t o  t h e  n o r t h e a s t  w i t h  an  average  speed o f  about  

26 m i l e s  p e r  h o u r ,  and t h e  b a s e  s u r g e  moved t o  t h e  n o r t h  w i t h  a n  , 

I 

a v e r a g e  speed of abou t  1 3  m i l e s  p e r  hour .  

The h i g h e s t  ground l e v e l  r e a d i n g s  i n  t h e  t r a j e c t o r y  a r e a  o c c u r r e d  

a s  a  r e s u l t  of  p a s s a g e  of t h e  lower p o r t i o n  o f  t h e  main c loud .  I ts  

a v e r a g e  t r a n s p o r t  speed t o  G a r r i s o n ,  Utah (175 m i l e s ) ,  d e r i v e d  from 

Lawrence R a d i a t i o n  Labora to ry  t e l e m e t r y  s t a t i o n  d a t a  and SWRHL 

moni to r ing  r e s u l t s ,  was 1 9  m i l e s  p e r  hour.  T r a n s p o r t  speeds  a l o n g  

t h e  "ho t - l ine"  a r e  p r e s e n t e d  i n  F i g u r e  18.  
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C .  H + l  Hour Exposure Rate  Versus Dis tance  

F igure  19  i s  a  p l o t  of t h e  es t imated  H+1 hour g r o s s  gamma ex- 

posure r a t e  a long t h e  major "hot- l ine,"  a s  a  f u n c t i o n  of d i s t a n c e  

from ground zero .  The H + l  hour exposure r a t e  i s  i n v e r s e l y  propor- 

t i o n a l  t o  t h e  d i s t a n c e  r a i s e d  t o  t h e  2.45 power. The va lues  used t o  

c o n s t r u c t  t h e  l i n e  were obtained by e x t r a p o l a t i n g  t h e  observed peak 

exposure r a t e s ,  a s  measured by p o r t a b l e  monitor ing ins t ruments ,  t o  

H + l  hour. The .decay f a c t o r s  were ob ta ined  from Schooner decay d a t a  

c o l l e c t e d  by Lawrence Radia t ion  Laboratory.  The 350 mR/hr exposure 

r a t e  measured a t  1100 hours  on December 8 was e x c l u d e d . i n  t h e  

s t r a i g h t  l i n e  i n t e r p r e t a t i o n  of  t h e  d a t a  p o i n t s  by t h e  method of 

l e a s t  squares .  This  was an obse rva t ion  made by a  PHs f i e l d  worker 

on a  non-monitoring assignment and was ob ta ined  s e v e r a l  yard.s sou th  

of  Highway 25 about 2.5 mi les  e a s t  of  Queen C i t y  Summit. Follow-up 

r ead ings  a t  t h a t  l o c a t i o n  were no t  made and t h e r e f o r e  t h e  obse rva t ion  

cannot be  s u b s t a n t i a t e d  i n  view of read ings  taken  on t h e  highway 

approximately two hours  l a t e r .  The read ing  a t  t h e  l a t e r  t ime was 

120 mR/hr. 

D.  Exposure Rate a s  a  Funct ion of  Time 

Exposure r a t e  p r o f i l e s  f o r  t h r e e  o f f - s i t e  ~ l o c a t i o n s ,  Queen C i ty  

Summit, Diablo Maintenance S t a t i o n ,  and S t icke lman ' s  Farm, a r e '  shown 

i n  F igu re s  20 through 22. Analys i s  of t h e  curves  i n d i c a t e s  t h a t  a t  

bo th  Queen C i t y  Summit and t h e  Diablo Maintenance S t a t i o n ,  t h e  t ime 

, span between c l o u d ' . a r r i v a l  and peak a c t i v i t y  was ve ry  s h o r t .  Also 

of i n t e r e s t  a t  both l o c a t i o n s  i s  t h e  r e l a t i v e l y  slow r a t e  of decay 

immediately fo l lowing  observance of t h e  peak a c t i v i t y .  The p l o t  of 

exposure r a t e s  a t  St ickelman's  Farm shows t h a t  sha rp  i n c r e a s e s  i n  

a c t i G i t y  occur  ,throughout t h e  exposure perj.od. The abrupt  i n c r e a s e s  

a r e  probably due t o  resuspens ion  of a c t i v i t y  c l o s e r  t o  t h e  c r a t e r  

o r  t o  t h e  a c t i o n  of s o u t h e r l y  winds which " l i f t e d "  t h e  a c t i v i t y  from 

t h e  c r a t e r  and t r anspo r t ed  i t  t o ' t h e  farm a r e a .  St ickelman's  Farm 

i s  l o c a t e d  approximately 55 mi l e s  n o r t h  of t h e  Schooner c r a t e r .  
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F i g u r e  21  shows t h e  d i f f e r e n c e  i n  d e t e c t i o n  c h a r a c t e r i s t i c s  

between a c o n t i n u o u s l y  o p e r a t e d  network Geiger-Mueller  (GM) r e c o r d e r  

and a  GM s u r v e y  meter  b o t h  o p e r a t i n g  s i m u l t a n e o u s l y  i n  t h e  same 

r a d i a t i o n  f i e l d  and b o t h  hav ing  been c a l i b r a t e d  w i t h  t h e  same r a d i a -  

t i o n  s o u r c e  ( 1 3 7 ~ s ) .  Readings from t h e  su rvey  mete r  were  commonly 

found t o  b e  two o r  t h r e e  t i m e s  g r e a t e r  t h a n  t h o s e  from t h e  r e c o r d e r  

d u r i n g  t h e  Schooner o p e r a t i o n .  Reasons f o r  t h i s  were  g i v e n  e a r l i e r .  

E. Comparison o f  Data  Obtained from Survey M e t e r s ,  Recorders ,  TLD1s 
and Fi lm Badges 

Tab le  12 l i s t s  t h e  i n t e g r a t e d  exposures  from some l o c a t i o n s  where 

s e v e r a l  t y p e s  of r a d i o a c t i v i t y - m e a s u r i n g  d e v i c e s  were used.  I n  

g e n e r a l ,  t h e  GM s u r v e y  mete r  i n t e g r a t i o n s  a r e  h i g h e r  t h a n  t h e  network 

GM r e c o r d e r  i n t e g r a t e d  exposures  and t h e  exposures  t o  TLD's a t  t h e  

same l o c a t i o n s .  Fi lm badges  a g r e e  w i t h  t h e  exposures  t o  TLD1s w i t h  

t h e  e x c e p t i o n  of t h o s e  a t  W a r m  S p r i n g s  and Twin S p r i n g s  Ranch. The 

d i f f e r e n c e  a t  Warm S p r i n g s  i s  probab ly  due t o  t h e  f a c t  t h a t  t h e  h i g h  

radon  background i n  t h e  a r e a  was s u b t r a c t e d  from t h e  TLD b u t  n o t  from 

t h e  f i l m  badge. There  i s  no e x p l a n a t i o n  f o r  t h e  d i s c r e p a n c y  between 

t h e  f i l m  badge and TLD r e s u l t s  a t  Twin S p r i n g s  Ranch. 

TABLE 12 

I n t e g r a t e d  Exposures (mR) 

a Survey Network L o c a t i o n  TLD Fi lm 
Meter Recorder  Badge 

D i a b l o  Maint.  
S t a t i o n  

Queen C i t y  Summit --- 
( th rough  12 /20)  

Twin S p r i n g s  11 4 4  45 

Nyala 2  6  2 8 1 0  < 30 

S tone  Cabin Ranch 34 -- 25 39 

S t i c k e l m a n ' s  Farm 2  8 11 1 5  3  1 

W a r m  S p r i n g s  11 - - 0  5  8 

P i n e  Creek Ranch --- - -. 63  . 7 6  

Lund 2  0  8 -- -- 
G a r r i s o n ,  Utah 5 4  -- - - 
a  

A l l  l o c a t i o n s  i n  Nevada u n l e s s  o t h e r w i s e  n o t e d .  
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F. Percent  Exposure a s  a  Funct ion of Time 

Figure  23 i s  a  p l o t  of exposure a s  a  f u n c t i o n  of t i m e  a t  Queen 

C i ty  Summit. The 100 percent  l i n e  (approximately 2250 mR n e t  expo- 

s u r e ,  ob ta ined  from t h e  g raph ic  i n t e g r a t i o n  of t h e  observed l e v e l s  

a t  Queen C i t y  Summit) r e p r e s e n t s  2000 hours  of exposure,  a t  which 

t i m e  exposure r a t e  l e v e l s  a t  Queen C i ty  Summit were t h r e e  t i m e s  

background. Only a  sma l l  f r a c t i o n  of one percent  of t h e  t o t a l  

exposure has  no t  been r ece ived  a f t e r  500 hours .  About 99 percent  

of t h e  exposure i s  accumulated dur ing  t h e  f i r s t  168 hours  and about 

63 percent  dur ing  t h e  f i r s t  24 hours  of exposure.  

Resu l t s  ob ta ined  from TLD s t a t i o n  d a t a  appear  t o  c o n f l i c t  w i t h  

t h e  above d i scus s ion .  A f t e r  1200 hours  of  exposure a  TLD a t  t h e  

same l o c a t i o n  (Queen C i t y  Summit) rece ived  1893 mR. This  i s  

84 percent  of t h e  t o t a l  exposure (2250 mR) der ived  by g raph ic  i n t e -  

g r a t i o n .  According t o  F igure  23, 1200 hours  of exposure should g i v e  

99 + percent  of t h e  t o t a l  exposure.  

G. Res idua l  A c t i v i t y  Decay 

F igu re s  24 through 26 show t h e  r e s i d u a l  a c t i v i t y  decay a t  Queen 

C i ty  Summit, Diablo Maintenance S t a t i o n ,  and S t icke lman ' s  Farm. The 

exposure r a t e  v a l u e s  a r e  n e t  gamma measurements taken  wi th  GM survey 

ins t ruments  t h r e e  f e e t  above t h e  ground. The s t r a i g h t  l i n e  i n t e r -  

p r e t a t i o n  of t h e  d a t a  p o i n t s  was ob ta ined  by t h e  method of l e a s t  

squares .  A t  Queen C i ty  Summit t he  r e s i d u a l  a c t i v i t y  decayed w i t h  a  

h a l f - l i f e  of 0.86 days dur ing  approximately t h e  f i r s t  7 days of 

exposure.  A t  t h e  end of 7  days t h e  h a l f - l i f e  began t o  i n c r e a s e  u n t i l  

a t  12 days i t  appeared t o  s t a b i l i z e  a t  a  32.7 day h a l f - l i f e .  A t  t h e  

Diablo Maintenance S t a t i o n ,  t h e  r e s i d u a l  a c t i v i t y  decayed wi th  a  

h a l f - l i f e  of 0.84 days u n t i l  background l e v e l s  were reached. A t  

S t icke lman ' s  Farm, where a  network r eco rde r  showed t h e  occur rence  

of r edepos i t i on  of a c t i v i t y ,  t h e  r e s i d u a l  a c t i v i t y  decay h a l f - l i f e  
187w 

was i nc reased  t o  1.34 days.  The above r e s u l t s  i n d i c a t e  t h a t  

(24-hour h a l f - l i f e )  was t h e  primary source  of gamma exposure.  



90 , 

80 , 

Queen City Summit 70 , 
GM Survey Meter Data 

60 - 
50 - 

40 , 

30 - 
20 , 

10 , 

1 10 100 
Hours after cloud arrival 

FIGURE 23 INTEGRATED GROSS GAMMA EXPOSURE 



. . 

T'/2=0.86 DAYS 

L 

T'/2=32.7 DAYS 

.02 , 

r' 
1 I 

0 10 20 
TIME AFTER DETONATION (DAYS) 

QUEEN CITY SUMMIT 

FIGURE 24. RESIDUAL ACTIVITY DECAY 



DIABLO MAINTENANCE STATION 

u 1 3 4 5 6 7 

TIME AFTER DETONATION (DAYS) 

FIGURE 25. RESIDUAL ACTIVITY DECAY 5 6 



10 
- 

1 - 
STICKELMAN'S FARM 

n 
L 

f u 
E 
V 

W 

2 u 
W u 
3 .I - 
8 a 
X 
W 
a z z 
a 
C3 
I- 
W z 

.01 - 

.002 , 
A 

1 I 1 I 1 I 
- - L 

2 3 4 5 
TIME AFTER DETONATION (DAYS) 

FIGURE 26. RESIDUAL ACTIVITY DECAY 

57 



H. Exposure a s  a  Funct ion of Dis tance  

F igure  27 i s  a  p l o t  of TLD exposure a s  a  f u n c t i o n  of d i s t a n c e  

along t h e  major (lower p o r t i o n  of t h e  main cloud)  "hot- l ine."  The 

t o t a l  exposure i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  d i s t a n c e  r a i s e d  t o  

t h e  2.55 power. Exposure t i m e s  f o r  t h e  TLD1s were of s u f f i c i e n t  

du ra t i on  t o  a l low a t o t a l  exposure accumulat ion of about 99 pe rcen t ,  

wi th  t h e  e x c e p t i o n . o f  t h e  TLD c o l l e c t e d  from t h e  23-mile a r c .  This  

TLD was o u t  f o r  a  s h o r t e r  pe r iod  and.was exposed t o  on ly  about 

85 percent  of the t o t a l  exposure.  Using t h e  method of  l e a s t  squa rc s ,  

s t r a i g h t  l i n e  i n t e r p r e t a t i o n s  of t h e  observed d a t a  and t h e  same d a t a  

normalized t o  500 hours  were almost i d e n t i c a l .  

I. Exposure P a t t e r n  

F igure  28 shows t h e  exposure p a t t e r n  i n  t h e  o f f - s i t e  a r e a  a s  

def ined  by TLD d a t a .  The p a t t e r n  r e p r e s e n t s  outdoor  e x t e r n a l  gamma 

exposures only.  The exposure t o  people  r e s i d i n g  w i t h i n  t h e s e  contours  

would vary  because of t h e i r  d i f f e r e n t  l i v i n g  h a b i t s .  It i s  reasonable  

t o  assume t h a t  t h e r e  would be  a  r educ t ion  of one-quarter t o  one-half 

i n  t h e  a c t u a l  exposures  r ece ived ,  i f  cons ide ra t i on  i s  given t o  f a c t o r s  

such a s  i n t e r m i t t e n t  occupancy of b u i l d i n g s  (homes, ba rns ,  e t c . )  and 

occas iona l  t r a v e l l i n g  away from t h e  a r e a .  

Approximately 40 people  were l i v i n g  w i t h i n  t h e  10 t o  30 mR 

exposure a r e a  dur ing  t h e  Schooner ope ra t i on ,  about 37 people  i n  t h e  

30 t o  50 mR a r e a ,  and 5 people  . in t h e  50 t o  170 mR a r ea .  There w e r e  

no r e s i d e n t s  l i v i n g  i n  a r e a s  where t h e  exposure exceeded 170 mR. 

I J.  Post-Shot Exposure Levels  a t  Queen C i ty  Summit 

An i n v e s t i g a t i o n  was conducted t o  s tudy  t h e  exposure r a t e  a t  

Queen C i t y  Summit fo l lowing  t h e  Schooner Event.  Data from t h e  t h r e e  

TLD1s exchanged monthly a t  t h i s  r o u t i n e  s t a t i o n  were used i n  t h e  

s tudy.  

TLD d a t a  f o r  approximately one yea r  preceding t h e  n i n e  months 

fo l lowing  Schooner were compared. The average monthly background 

be fo re  Schooner was 14.64 mR + 1.64 mR. The monthly exposures  ranged 
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from 41 mR t h e  f i r s t  month fo l lowing  Schooner t o  a  va lue  comparable 

t o  t h e  pre-Schooner va lue  a f t e r  about seven months. (Figure 29). 

A r e g r e s s i o n  a n a l y s i s  was performed on t h e  post-Schooner da t a .  

The t h r e e  read ings  f o r  each month showed more v a r i a b i l i t y  a f t e r  

Schooner than  be fo re ,  a s i t u a t i o n  which i s  common when measuring 

low l e v e l  exposures .  The d a t a  were f i t t e d  t o  an exponent ia l  model 

and t h e  h a l f - l i f e  was c a l c u l a t e d  t o  be 148 days k l . 6  percen.t .  It i s  

probably s i g n i f i c a n t  t h a t  t h e  c a l c u l a t e d  h a l f - l i f e  i s  ~ 0 m ~ a r a b l e  t o  

t h e  165 day h a l f - l i f e  of 18'w, t h e  major long-l ived c o n t r i b u t o r  t o  t h e  

depos i t i on  exposure.  

K. Gross Beta and 13'1 Concent ra t ions  i n  A i r  

Gross b e t a  and concen t r a t i ons  i n  a i r  samples ( f i l t e r s  on ly)  

w e r e  i n t e g r a t e d  over  t h e  i n d i v i d u a l  c o l l e c t i o n  p e r i o d s  and p l o t t e d  

wi th  r e s p e c t  t o  each o t h e r  (Figure 30) .  With t h e  except ion  of t h e  

Queen C i ty  Summit, Clark  S t a t i o n  (St ickelman's  Farm), and Warm Spr ings  

d a t a  p o i n t s ,  which a r e  shown bu t  n o t  inc luded  i n  t h e  i n t e r p r e t a t i o n ,  

t h e  s t r a i g h t  l i n e  i n t e r p r e t a t i o n  of t h e  d a t a  p o i n t s  was ob ta ined  by 
131  

t h e  method of l e a s t  squares .  The i n t e g r a t e d  I concen t r a t i on  i s  

d i r e c t l y  p r o p o r t i o n a l  t o  t h e  i n t e g r a t e d  g ros s  b e t a  c o n c e n t r a t i o e  

r a i s e d  t o  t h e  .0.9 power. The d i s t a n c e  of t h e  s t a t i o n s  from ground 

zero  ranged from approximately 46 m i l e s  (Highway 25) t o  883 mi l e s  

(North P l a t t e ,  Nebraska).  

187 
L .  Gross Beta and W Concent ra t ions  i n  A i r  

Gross b e t a  and 1 8 7 ~  concen t r a t i ons  i n  a i r  samples ( f i l t e r s  on ly)  

were i n t e g r a t e d  over  t h e  i n d i v i d u a l  c o l l e c t i o n  p e r i o d s  and p l o t t e d  

w i th  r e s p e c t  t o  each o t h e r  (Figure 31) .  The s t r a i g h t  l i n e  i n t e r -  

p r e t a t i o n  was ob ta ined  by t h e  method of l e a s t  squares .  The i n t e g r a t e d  

18'w concen t r a t i on  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  i n t e g r a t e d  g r o s s  

b e t a  concen t r a t i on  r a i s e d  t o  t h e  1.05 power. The d i s t a n c e  of t he '  

s t a t i o n s  from ground ze ro  ranged from approximately 17 m i l e s  (Fleur  

de L i s  Ranch) t o  883 mi l e s  (North P l a t t e ,  Nebraska).  



.DAYS BEFORE AND AFTER SCHOONER 

FIGURE 29 POST-SCHOONER EXPOSURE LEVELS 

I 

1000 

100 

0 
LY 
N A  
3 e  
4.5 s LY 
e 

0 3 
= G + n 
Q X 
P W  

10 

t 

1 .o, 

- * 
I 
D 
m 

m 

, 

a 

m 
m 

D m 

rn 
m 

0 .  l 1. 0 . .  l 3C 
PRE-SHOT DATA MEAN i \*- - 3C 

D-DAY 

I I I I I I 
-400 -300 -200 -1 00 0 100 200 300 



WHERE: 

Y = INTEGRATEDO' I CONCENTRATION (p~i-sec/m3) 

E I Z = INTEGRATED GROSS BETA CONCENTRATION ( u ~ i - s e c l m ~ )  

QUEEN CITY SMT. 

(53O, 44.) 

CLARK STATION 
(STICKELMAN'S ) 

(352O, 57 MI.) 

WARM SPRINGS 

(10°, 61 MI.) 

INTEGRATED GROSS BETA CONCENTRATION (pCi-seclms) 
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FIGURE 30 GROSS BETA VS. I CONCENTRATION IN AIR 



INTEGRATED GROSS BETA CONCENTRATION ( p ~ i - s e c / m 3 )  

FIGURE 31 GROSS BETA VS. 1 8 7 ~  CONCENTRATION IN AIR 



M. Gross Beta Activity in Air for Nevada 

To construct Figure 32, gross beta concentrations in air were 

integrated over the period from 0800 hours on December 8 through 

0800 hours on December 15. The isopleths are in units of microcurie- 

seconds per cubic meter. The pattern indicates that the main portions 

of airborne activity travelled north and north-east from the 

Nevada Test Site. Large-scale secondary redistribution accounts for 

the contamination to the south and southeast of the Nevada Test Site. 

N. Dose Calculations 

Physiological parameters from ICRP 2 were used to calculate a 

dose conversion factor for the ingestion of 1 8 7 ~  based on beta radia- 

tion only. The critical organ for the ingestion of 18'8 is the lower 

,gastrointestinal tract. The dose to the gastrointestinal tract is 

less than 40 mrad per pCi 1 8 7 ~  ingested. The actual calculations 

appear in Appendix I. 

The highest concentration of 1 8 7 ~  in milk was observed at the 

Chavis R.anch. If a man drank one liter of milk per day at the con- 

centrations observed at the Chavis Ranch, he would have consumed a 

total of 24,670 pCi 187~. If the entire ingested amount passed 

through the lower gastrointestinal tract, this would correspond to a 

dose of approximately one mrad. Similarly, a dose of approximately 

two mrad can be estimated for a man drinking 1.5 1iters.per day of 

water which has a maximum concentration of 21,000 pCi 1878, which 

was observed at Simpson's Ranch. 

Based on assumptions in FRC Report No. 5, a peak concentration 

of 100 pCi/l 1311 in milk which was observed at the Boyd Schena Ranch, 

,would correspond to a dose of about 16 mrad to an infant's thyroid. 

Internal la78 dose estimates (gastrointestinal tract) at general 

off-site locations were obtained by whole-body counting government 

personnel working in these off-site areas during the Schooner cloud 

passage. These data, along with the external gamma whole-body 

exposures received by the individuals counted, are also given. 
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Generally the whole-body counts were made several days after the event, 

and for dosimetry purposes it is necessary to extrapolate the values 

back to the time of exposure., Extrapolations were based on counts 

taken on three individuals who were counted repeatedly during the 

week following the event. The average value of these counts serves 

as the base line for extrapolation. The basic dosimetry equation 

and model are shown in Appendix I. Values shown in Figure 33 are 

scaled from an individual who was 2.5 miles east of Queen City Summit 

on Highway 25 and whose dose is estimated to have been less than 

1 rad (approximately 24 uCi at 1735 hours on December 8, 1968). 

A gamma scan on December 8, 1968, of the individual working 

2.5 miles east of ~ueen City Summit showed considerable' 1 8 7 ~  activity 

in the gastrointestinal tract but not in the lungs. The lung mass 

is large (1000 grams) and the possible dose would be correspondingly 

small. 

Tungsten-181 (181w) was not identified in any spectrum obtained 

as a result of whole-body counting. However, assuming a ratio of 

10:l between 1 8 7 ~  and l8lbJ, simple scaling of the values given in 

ICRP 2 yields a possible increase in dose over the 1 8 7 ~  dose of 

2 percent. 

VI. SUMMARY 

Results from SWRHL monitoring and environmental sampling for 

the.Schooner event indicated a widespread deposition pattern. The 

main cloud moved to the northeast across Utah and Colorado, while the 

base surge spread to the north and moved across Idaho and Montana, 

and then moved eastward across North Dakota. 

The highest gross gamma exposure rate observed off-site was 

350 mR/hr at a location several yards south of Highway 25, about 

2.5 miles east of Queen City Summit. The highest gross gamma 

exposure rate at a populated location was 8.5 mR/hr at the Diablo 

Maintenance Station. 

The highest exposure recorhed in the off-site area was 4.76 R, 

which represents the effects.of cloud passage plus seven days of 

6 7 
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residual activity. This exposure was recorded 2.3 miles east of Queen 

City Summit on Highway 25. The highest exposure to an off-site resi- 

dent wearing a personal dosimeter was 165 mR, which was received 

between December 8 and December 17 by a sheepherder working out of 

Uhalde's Ranch. A stationary TLD at the Diablo Maintenance Station 

recorded an exposure of 149 mR for the period from November 7 to 

December 26, while TLD's worn by residents at this location showed 

exposures of 57 and 35 mR between December 8 and December 16. 

The predominant radionuclide found in environmental samples 

was tungsten-187. The highest integrated concentration observed 

in air was at Stickelman's Farm near Clark Station, 55 miles from 

ground zero. The air sample collected on the day of the event 

showed an integrated concentration of 12,000 p~i-seclm~ of 187~. 

The highest 1 8 7 ~  concentration observed in milk was 9,100 pCi/l 

at the Chavis. Ranch near Pioche, Nevada. The estimated dose to the 

gastrointestinal tract of an adult drinking one liter of milk per day 

at the Chavis Ranch is approximately one mrad. 

Iodine-131 was found in milk at four sampling locations in 

Nevada and one in Utah, with the highest value being 100 pCi/l from 

the Boyd Schena Ranch near Abraham, Utah. Milk samples collected 

from the Standby Milk Surveillance Network in Idaho, Montana, 

Wyoming, and Colorado did not contain activity attributable to the 

Schooner Event. 

Low levels of 18'w have been found in natural vegetation which 

has grown since the occurrence of the Schooner deposition, and in 

the muscle of cattle grazing in the deposition areas. 

Analyses of radiological data indicate that radioactive 

effluent arising from this event did not present any health hazard 

to the off-site population, based on presently accepted safety 

criteria established by the U. S. Atomic Energy Commission. 
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APPENDIX A .  Ground Monitoring'  Resu l t s  

(Al l  readings  a r e  g ross  gamma v a l u e s ,  taken a t  t h r e e  f e e t  above ground l e v e l . )  

LOCATION CLOUD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULATD 
DATA AND DATA EXPOSURE 

ARRIVAL PEAK TIME 
(Azimuth. Distance) , TIME (mR/hr) of PEAK DATE TIME (mRb]  (mR) 
NEVADA 

Adavan NDC ' 12/8/68 NDC 
(Simpsgn' s  Ranch) 

(42 , 75 mi) 

Adaven 
(Uhaldg Ranch) 

(45 , 75 mi) 

12/11/68 1420 0.3 

12/12/68 1410 0.09 

12/13/68 1500 BKG 

a 
Monitor a r r i v e d  a t  l o c a t i o n  a f t e r  c loud a r r i v a l .  

h ~ i g h e s t  l e v e l  observed by monitor a t  t h i s  l o c a t i o n .  The obse rva t ion  
may have been a f t e r  passage o f  peak c loud a c t i v i t y .  

C Accumulated exposures l i s t e d  only  f o r  populated l o c a t i o n s  wi th  
s u f f i c i e n t  exposure - ra te  informat ion t o  c a l c u l a t e  d a i l y  exposures.  

BKG = Background. ( .03 mR/hr) 

NDC = No d a t a  c o l l e c t e d .  



APPENDIX A.  (continued) 

LOCATION CLOUD PASSAGE RESIDUAL EXPOSURE RATE 
DATA AND DATA 

ARRIVAL PEAK TIME 
(Azimuth. Dis tance)  TIME (mR/hr) of PEAK DATE TIME (mR/hr) 

Blue Eagle Ranch 1800 0.12 2110 12/8/68 2118 0.09 
(32p, 97 u l i )  

12/9/68 1835 0.06 

12/10/68 NDC 

12/12/68 1400 BKG 

Blue Jgy Maint. S t a .  
(15 , 76 mi) 

Casey 's  Ranch 
(3g0, 82 mi) 

Chavis Ranch 
(57O, 127 mi) 

12/8/68 NDC 

12/9/68 1335 0 .1  

12/10/68 1424 0.09 

12/11/68 1225 0.07 

12/12/68 1130 0.05 

12/13/68 1220 BKG 

12/8/68 - NDC 

12/9/68 1433 0 .2  

12/10/68 1414 0.2 

12/11/68 1245 0 .1  

12/12/68 1330 0.05 

12/13/68 1420 BKG 

a 3 .1  1539 12/8/68 2010 2.0 

12/9/68 1845 1 .0  

12/10/68 1435 0.4 

12/11/68 1400 0.2 

12/12/68 1230 0.08 

12/13/68 1125 0.07 

12/14/68 1000 BKG 

ACCUMULATED 
 EXPOSURE^ 

%oni to r  a r r i v e d  a t  l o c a t i o n  a f t e r  c loud a r r i v a l .  
C 
Accumulated exposures l i s t e d  only  f o r  populated l o c a t i o n s  w i t h  
s u f f i c i e n t  exposure - ra te  informat ion t o  c a l c u l a t e  d a i l y  exposures.  

BKG = Background. (.03 mR/hr) 

NDC = No d a t a  c o l l e c t e d .  



APPENDIX A.  (continued) 
NEVADA (cont ' d)  

LOCATION CLOUD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULATED 
DATA AND DATA EXPOSURE' 

ARRIVAL PEAK TIME 
(Azimuth. Dis tance)  TIME h of PEAK DATE TIME ( m R b )  (mR) 

Clark  S t a t i o n  
(5 m i .  Ranch) 

(352O, 57 mi) 

Curran5 1515 
(33 , 116 mi) 

Currant  Maint. S t a .  
(32O, 119 mi) 

~ i a b l o ~ ~ a i n t .  S t a .  1100~ 
(33 , 47 mi) 

NDC 12/8/68 NDC 

12/9/68 1149 0 .3  

12/10/68 1145 0.4 

12/11/68 1151 0 .2  

12/12/68 1547 0.05 

12/13/68 1130 0.05 

12/14/68 1100 0.04 

12/15/68 1001 BKG 

0.08 2010 12/8/68 2130 0.08 < 1 

12/9/68 1540 0.05 1 

12/10/68 1420 0.03 2 

12/11/68 1305 0.05 2 

12/12/68 1200 BKG 2 

NDC 12/8/68 NDC 

12/9/68 1355 0.04 

12/10/68 1235 0.03 

12/11/68 1600 0.04 

12/12/68 1100 BKG 

C 
Accumulated exposures l i s t e d  only  f o r  popula ted l o c a t i o n s  wi th  
s u f f i c i e n t  exposure - ra te  informat ion t o  c a l c u l a t e  d a i l y  exposures.  

%oni tor  d e t e c t e d  "shine" from t h e  upper c loud,  which passed t o  t h e  
e a s t  of h i s  l o c a t i o n ,  a t  0950 hours .  

BKG = Background. (.03 mR/hr). 

NDC = No d a t a  c o l l e c t e d .  



APPENDIX A. (continued) 
NEVADA (cont ' d) 

LOCATION CLOUD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULAYD 
DATA AND DATA EXPOSURE 

ARRIVAL PEAK - 
(Azimuth. Distance) TIME (rnR/hr) of P W  DATE TIME (u&/11~) ( I I ~  

Diablo Maint. Sta. (cont'd) 12/13/68 1230 0.1 186 

12/14/68 1205 0.07 187 

12/15/68 1105 BKG 188 

E ~ Y  1735 0.05 2105 12/8/68 214U 0.04 < 1 
(34O, 160 mi) 12/9/68 1255 BKG < 1 

ForestoMoon Ranch 13 25 1.2 1605 12/8/68 2125 0. 9 
(47 , 104 mi) 

GeyseroMaint. Sta. 
(48 , 137 mi) 

NDC 12/8/68 NDC 

12/10/68 1335 0.09 

12/11/68 1300 0.06 

12/12/68 NDC 

12/13/68 1055 0.04 

12/14/68 1000 BKG 

GeyseroRanch 
(48 , 141 mi) 

Halstead Ranch 
(24O, 117 mi) 

NDC 

NDC 

12/8-9/68 NDC 

12/10/68 1315 0.07 

12/11/68 1200 0.05 

12/12/68 1145 0.04 

12/8/68 NDC 

12/9/68 1625 0.07 

12/12/68 1510 BKG 

C Accumulated exposures listed only for populated locations with 
sufficient exposure-rate information to calculate daily exposures. 

BKG = Background. (. 03 mR/hr) 
NDC = No data collected. 



APPENDIX A.  (continued) 
NEVADA (con t 'd )  

LOCATION CLOUD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULATED 
DATA AND DATA  EXPOSURE^ 

ARRIVAL PEAK TIME 
(Azimuth, Dis tance)  TIME (mR/hr) of PEAK DATE TIME (mR/hr) (mR) 

Kirkeb Ranch 8 NDC 12/8/68 NDC 
(47 , 160 mi) 

12/9/68 1950 0.4 

12/10/68 1235 0.08 

12/11/68 1150 0.05 

12/12/68 1045 BKG 

Kavanaugh Ranch 1500 
(4g0, 138 mi) 

LockesoRanch 1445 
(27 , 94 mi) 

Lund 
(3g0, 135 mi) 

Major'g P lace  
(42 , 157 mi) 

Manzonie Ranch 
(32O, 116 mi) 

1630 0 .6  1915 12/8/68 2200 0.6 2 

12/9/68 1450 0.4 11 

12110168 1200 0.2 17 

12/11/68 1230 0.07 19 

12/12/68 0100 BKG 20 

1700 0.13 1958 12/8/68 2137 0.09 < 1 

12/9/68 0925 BKG < 1 

NDC 12/8/68 NDC 

12/9/68 1455 0.06 

12/10/68 1345 0.04 

12/11/68 1300 BKG 

C 
Accumulated exposures l i s t e d  only  f o r  populated l o c a t i o n s  wi th  
s u f f i c i e n t  exposure - ra te  informat ion t o  c a l c u l a t e  d a i l y  exposures.  

BKG = Background. ( .03 mR/hr) 

NDC = No d a t a  c o l l e c t e d .  



APPENDIX A.  (continued) 
NEVADA ( c o n t l d )  

LOCATION CLOUD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULATEDc 
DATA AND DATA EXTOSUIU 

ARRIVAL PEAK TIME 
(Azimuth, Distance) TIME (mR/hr) of PEAK DATE TIME (mR/hr) (mR) 

Nyala 1312 0.5 1650 12/8/68 2116 0.5 2  
(Sharp1 s Ranch) 

(34". 76 mi) 12/9/68 1300 0.5 10 

12/13/68 1355 BKG 2  6  

P ine  Creek Ranch 
(46O, 72 mi) 

NDC 

1654 1 .8  

1545 0.7 

1503 0.5 

1445 0 .2  

1615 0.06 

1530 0.08 

1.220 0.04 

1630 BKG 

S t i cke18an1s  Farm a  0 . 7 ~  1252 12/8/68 1540 0.5 
(357 , 55 mi) 

7 12/9/68 1315 0.2 

12/10/68 121.0 0.4 16 

12/11/68 1130 0.2 23 

12/12/68 1050 0.07 25 

12/13/68 1135 0.05 26 

12/14/68 1132 0.05 27 

12/15/68 NDC 

12/16/68 1245 BKG 28 

%oni tor  a r r i v e d  a t  l o c a t i o n  a f t e r  c loud a r r i v a l .  

b ~ i g h e s t  l e v e l  observed by monitor at! t h i s  l o c a t i o n .  The obse rva t ion  
may have been a f t e r  passage of peak c loud a c t i v i t y .  

C 
Accumulated exposures l i s t e d  only  f o r  populated l o c a t i o n s  wi th  
s u f f i c i e n t  exposure - ra te  informat ion t o  c a l c u l a t e  d a i l y  exposures.  

BKG = Background. ( .03 mR/hr) 

NDC = No d a t a  c o l l e c t e d .  



APPENDIX A .  (continued) 
NEVADA (cont  ' d) 

LOCATION CLOUD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULATE! 
DATA AND DATA EXPOSURE 

ARRIVAL PEAK TIME 
(Azimuth. Dis tance)  TIME (mR/hr) of PEAK DATE TIME (rnR/hr) (mR) 

Stone Cabin Ranch a  1300 12/8/68 2100 0.6 7  
(356O, 61 mi) 12/9/68 1245 0.4 15 

121 10168 NDC - - 
12/11/68 1100 0.1 28 

12/12/68 NDC - - 
12/13/68 1700 0.1 3  3  

12/14/68 1100 0.04 3  3  

12/15/68 0955 BKG 3  4  

Sunnys i d e  
(47O, 112 mi) 

NDC 

Twin Spr ings  
( F a l l i n i ' s  Ranch) 

(18O, 63 mi) 

1130 0.6 1500 12/8/68 2125 0.2 2  

12/9/68 1229 0.2 5  

12/10/68 1345 0.1 7  

12/11/68 1300 0.08 ' 9 

12/12/68 1501 0.05 10 

12/13/68 1250 BKG 11 

%oni to r  a r r i v e d  a t  l o c a t i o n  a f t e r  c loud a r r i v a l .  

b ~ i g h e s t  l e v e l  observed by monitor a t  t h i s  loca t ion .  The obse rva t ion  
may have been a f t e r  passage of peak c loud a c t i v i t y .  

C 
Accumulated exposures l i s t e d  only  f o r  populated l o c a t i o n s  w i t h  
s u f f i c i e n t  exposure - ra te  informat ion t o  c a l c u l a t e  d a i l y  exposures.  

BKG = Background. ( .03 mR/hr) 

NDC = No d a t a  c o l l e c t e d .  



APPENDIX A. (continued) 
NEVADA (cont'd) 

LOCATION CLOUD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULATED 
DATA --.. . - AND DATA  EXPOSURE^ 

ARRIVAL PEAK TIME 
(Azimuth, Distance) TIME (mR/hr of PEAK DATE TIME ( r n R h )  (mR) 

Warm S rin s 14 15 0.2 1700 12/8/68 2030 0.2 < 1 
(log, 67 mi) 

12/9/68 1215 0.1 2 

12/10/68 1300 0.2 5 

12/11/68 1300 0.1 9 

12/12/68 1515 0.06 10 

12/13/68 1145 0.0(1 11 

12/14/68 1120 BKG 11 

25 mi E. Eureka NDC 12/8/68 NDC 
(Highway 50) 

(20°, 152 mi) 

Black Rock Summit 1405 0.4 1700 12/8/68 2000 0.4 
(Highway 6) 

(23O, 88 mi) 

20 mi. S. Sunnyside 
(Highwg y 3 8) 

(58 , 102 mi) 

NDC 12/8/68 1715 4.0 

12/9/68 1753 1.2 

12/10/68 1452 0.7 

12/11/68 NDC 

26 mi No. Pioche a 5.0 1426 12/8/68 1435 4.0 
(Highwgy 93) ' 

(59 , 125 mi) 

121 14- 181 68 NDC 

12/19/68 1132 0.1 

%onitor arrived at location after cloud arrival. 
C 
Accumulated exposures listed only for populated locations with 
sufficient exposure-rate information to calculate daily exposures. 

BICG = Background. (.03 mR/hr) 

NDC = No data collected. 



APPENDIX A. (cont inued)  
NEVADA (c on t  ' d) 

LOCATION CLOUD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULATE: 
- DATA . AND DATA EXPOSURE 

ARRIVAL PEAK TIME 
(Azimuth. Dis tance)  TIME (mR/hr) of PEAK DATE TIME (mR/hr) (mR) 

20 m i .  W .  Warm Spr ings  a  4.0 1200 NDC 
(Highwgy 6) 

351 , 55 mi) 

22 m i .  W .  Warm Spr ings  a  4.0 1130 
(Highwag 6) 

(349 , 55 mi) 

NDC 

10 m i .  N. Diablo 1115 3 .0  1220 12/8/68 2100 1.6 
(Highway 25) 

(32O, 52 mi) 

Queen C i t y  Summit 0955 85 1027 12/8/68 1700 60 
(QCS) 6Highway 25) 

(53 , 44 mi) 

12120- 25/68 NDC 

12/26/68 1516 0.09 

I %onitor  a r r i v e d  a t  l o c a t i o n  a f t e r  cloud a r r i v a l .  

I b ~ i g h e s t  l e v e l  observed by monitor a t  t h i s  l o c a t i o n .  The obse rva t ion  
may have been a f t e r  passage of peak c loud a c t i v i t y .  

C ~ c c u m u l a t e d  exposures l i s t e d  only f o r  populated lo 'cations wi th  
' 

s u f f i c i e n t  exposure - ra te  informat ion t o  c a l c u l a t e  d a i l y  exposures.  

I NDC = No d a t a  c o l l e c t e d .  



APPENDIX A. (continued) 
NEVADA (cont ' d) 

LOCATION CT.,OIJD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULATED 
DATA AND DATA  EXPOSURE^ 

ARRIVAL PEAK TIME 
(~zimuth, ~istance) TIME (mK/hr) of PEAK DATE TIME (mR/hr) (IIIR) 

2.4 mi. E. Queen a 130 1028 12/8/68 1253 120 
Ci.ty Summit 
(Highwa~ 25) 

(54 , 44 mi) 
2.5 mi. E. Queen NDC 
City Summit (several 
yards S. Hwy 25) 

(54O, 44 mi) 

Lincoln-Nye County 
Line (3.4 mi. E. 
QCS-Hwy 25) 

(ss", 44 mi) 

NDC 1210 110 

1500 40 

1517 17 

1435 10 

1415 5.0 

1313 3.0 

1255 1.2 

1156 0.8 

1320 0.7 

1330 0.4 

1240 0.3 

0956 0.4 

NDC 

1505 0.09 

0913 0.06 

%onitor arrived at location after cloud arrival. 

C Accumulated exposures listed only for populated locations with 
sufficient exposure-rate information to calculate daily exposures. 

NDC=No data collected. 



APPENDIX A .  ( con t i nued )  

LOCATION :CLOUD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULATD 
DATA. AM) DATA EXPOSURE 

ARRIVAL PEAK TIME 
(Azimuth, Dis tance)  TIME (mR/hr OF PEAK DATE TIME (mR/hr) (mR) 

UTAH 

D e l t a  1830 0 . 2  2023 12 /8 /68  2148 0 . 2  < 1 
(57O, 256 mi) 

12 /9 /68  1257 0 . 1  3  

12 /11/68  0630 BKG 5  

G a r r i s o n  1650 0 .3  1800 12 /8 /68  2130 0 . 2  < 1 
(51°, 176 mi) 

12 /9 /68  1515 0 . 1  3 

12/11/68  1130 BKG 5  

M i l f o r $  
(70 , 206 mi) 

27 m i .  S.E. G a r r i s o n  
(Highway 21) 

(61°, 174 mi) 

NDC 

NDC 

12 /8 /68  NDC 

12 /9 /68  ' 1748 0.05 

12 /10 /68  0942 BKG 

12 /8 /68  . NDC 

C Accumulated exposu re s  l i s t e d  o n l y  f o r  p o p u l a t e d  l o c a t i o n s  w i t h  
s u f f i c i e n t  e x p o s u r e - r a t e  i n f o r m a t i o n  t o  c a l c u l a t e  d a i l y  exposu re s .  

BKG = Background. ( . 03  mR/hr) 

NDC = No d a t a  c o l l e c t e d .  



APPENDIX A. (concluded) 
UTAH (cont ' d) 

LOCATION CLOUD PASSAGE RESIDUAL EXPOSURE RATE ACCUMULATED 
DATE AND DATA  EXPOSURE^ 

ARRIVAL PEAK TIME 
(Azimuth, Distance) TIME (mR/hr) of PEAK DATE TIME (mR/hr) (mR) 

47 mi. S.E. NDC 12/8/68 NDC 
Gassiso~l (Hwy 21) 

(64O, 189 mi) 

30 mi. W. Delta 
(Highwzy 6 and 50) 

(55 , 224 mi) 

55 mi. N. Milford 
(Highway 257) 

(5g0, 242 mi) 

10 mi. N. Holden 
(Highwgy 9 1) 

(60 , 272 mi) 

~ ~ n n d ~ l  
(55O, 272 mi) 

NDC 

NDC 

NDC 

NDC 

12/13/68 1310 BKG 

12/8/68 NDC 

12/9/68 1220 0.4 

1218-9/68 NDC 

12/10/68 0914 0.1 

1218-11/68 NDC 

12/12/68 1032 0.04 

1218- 9/68 NDC 

12/10/68 1130 0.11 

12/11/68 NDC 

12/12/68 0830 0.04 

C 
Accumulated exposures listed only for populated locations with 
sufficient exposure-rate information to calculate daily exposures. 

BKG = Background. (.03 mR/hr) 

NDC = No data collected. 



APPENDIX B. Gamma Exposure Rate Recorder.Yetwork Results 

CLOUD PASSAGE DATA 

 LOCATION^ EXPOSURE CLOUD PEAKCLOUD TIMEOF INTEGRATED 
(Azimuth, PERIOD ARRIVAL EXPOSURERATE PEAK EXPOSURE 
~istance) (From - TO) ( 12/8/68) ( mR/hr) (12/8/68) (mR) 

Currant 1440 1200 1440 0.05 2200 0.1 
Maint. Sta. 12/8/68 12/14/68 
(32O, 119 mi) 

Diablo 1100 2400 1100 2.7 12 30 7 5 
Maint . Sta . 12/8/68 12/22/68 
3 ,  47 mi) 

Duckwater 1530 2400 1530 0.08 0500 3 
(24O, 117 mi) 12/8/68 12/14/68 

E ~ Y .  1830 2400 1830 0.02 2130 0.02 
(34O, 160 mi) 12/8/68 12/12/68 

Garrison, 1630 2400 1630 0.1 1800 4 
Utah 12/8/68 12/17/68 
(51°, 176 mi) 

Lung 1615 1200 1615 0.3 1930 8 
(39 , 135 mi) 12/8/68 12/14/68 

Nyala 1300 2400 1300 0.8 2000 28 
(34O, 76 mi) 12/8/68 12/18/68 

~ound ht. 1630 1200 16 30 0.03 1940 0.2 
(342O, 100 mi) 12/8/68 12/15/68 

Stickelman's 1120 2400 1120 0.4 1240 11 
Farm 12/8/68 12/14/68 
(357O, 55 mi) 

Sunnyside 1400 1200 1400 . 0.8 16 30 23 
(4T0, 112 mi) 12/8/68 12/18/68 

Tonopa h 1630 2400 16 30 0.1 1850 ' 2 
(322*, 63 mi) 12/8/68 12/13/68 

Twin Springs 1230 2400 1230 0.1 144 5 4 
@allini 's 12/8/68 12/15/68 
Ranch) 
(18O, 63 mi) 
- -- - - 

a All location are in Nevada unless otherwise indicated. 



APPENDIX C. Portable Gamma Exposure Rate Recorder Results 

--- -- -- - - - - - - - 
CLOUT, PASSAGE DATA 

 LOCATION^ RECORDER CLOUD PEAK CLOUD TIME RECORDER T L D ~  
MPOSURE ARRIVAL EWOSURE OF INTEGRATED EXPOSURE 

(Azimuth, PERIOD RATE PE4K EXPOSURE ( m ~ )  
~ i s t a n c e )  (From - To) (12/8/68) (m~/h r )  (mR) 

POPULATED LOCATIONS 

Bellehelen 1010 
Mine 12/8/68 
(8O, 50 mi) 

Blue' Eagle 0950 
Ranch 12/8/68 
(32') 97 mi) 

Chavis Ranch 1835 
(5T0, 127 m i )  12/8/68 

Garrison 1715 
Airgort,Utah 12/8/68 
(5.1. , 176 m i )  

Gibson Farm 1025 
(35O, 77 mi) 12/8/68 

Kavanaugh 1135 
Ranch 12/8/68 
(4g0, 138 mi) 

Koynes M i l l  0930 
(62O, 50 mi) 12/8/68 

h c k e  's 1030 
Ranch 12/8/68 
(27O, 94 mi) 

Major ' s 1814 
Place 12/8/68 
(4z0, 157 mi) 

Pine Creek 1155 
Ranch 12/8/68 
(4G0, 72 mi) 

a A l l  locat ions a r e  i n  Nevada unless otherwise indicated. 
One TLD accompanied each recorder - net  TLD exposures may include some 
contr ibution from i n  t r a n s i t  expasure through contaminated. areas.  
~ e c o r d e r '  s t a r t e d  a f t e r  cloud a r r i v a l .  
Highest l eve l  detected by recorder a t  t h i s  locat ion.  ~ e c o r d e r  s t a r t e d  
a f t e r  passage of  peak cloud a c t i v i t y .  
No Schooner r e l a t ed  a c t i v i t y  detected a t  t h i s  Location. 



APPENDIX C . (continued) 

CLOUD PASSAGE WTA 

LOCATION& RECORDER CLOUD PEAK CLOUD TIME RECORDEX T L D ~  
EXPOSURE ARRIVAL EXPOSURE OF INTEGRATED EXPOSURE 

(~zimuth ,  PERIOD RATE PEAK EXPOSURE ( m ~ )  
Distance) (From - To) (12/8/68) ( m ~ / h r )  - ( m ~ )  

POPULATED LOCATIONS (Con't) 

Stone Cabin 1930 1242 c 0 . 8  1-910 5 13  
Ranch 12/8/68 12/9/68 12/8/68 
(356O, 61 mi) 

Uhalde Ranch 1100 1510 1120 1 .3  1505 2 3 35 
(45O, 75 mi) 12/8/68 12/9/68 12/8/68 

W a r m  Springs 0950 1220 14 10 0.16 2000 3 6 
(lo0, 61 mi) 12/8/68 12/9/68 12/8/68 

NON-POPUIATED LOCATIONS 

10 mi.E. 0950 1620 c 0 .1  ~ 1 0 8  1 10 
d 

Queen City 12/8/68 12/9/68 12/8/68 
~ m t .  (Hwy 25) 
(630, 49 m i )  

Hwy 25 a t  0 930 1535 0945 0.18 1000 2 10 
Gunderson Rd. 12/8/68 12/9/68 12/8/68 
(58O, 45 m i )  

Queen City 0945 1413 0950 107 1025 1356 1340 
Summit @wy 25) 12/8/68 12/9/68 12/8/68 
(53O, 44 mi) 

10 m i . N .  1018 . 1252 NDC 1.8 1310 34 
Diablo Maint .' 12/8/68 12/9/68 12/8/68 
Sta. ( ~ w y  25) 
(3z0, 52 m i )  

I Black Rock 1000 1515 1350 NDC NDC . - 
Summit (Hwy 6) 12/8/68 12/8/68 
(23O, 88. mi) 

Ant elope 1055 0 9 0  1805 0.16 ' 2100 1 
Summit ( ~ y y  50) 12/8/68 12/9/68 12/8/68 
(23O, 150 mi) 

0.8 m i .  W. 1325 0830 2050 0.06 2205 
Eureka 12/8/68 12/9/68 
(IIWY 50) 
(lo0, 152 m i )  

a A l l  locat ibns a r e  i n  Nevada unless otherwise indicated. 
One TLD accompanied each'recorder  - net  TLD exposures may include some 
contr ibution from i n  t r a n s i t  exposure through contaminated areas.  
Recorder s t a r t e d  a f t e r  cloud a r r i v a l .  
Highest level detected by recorder a t  t h i s  locat ion.  Recorder s t a r t e d  
a f t e r  passage of peak cloud a c t i v i t y .  

NDC - No data col lected.  
85 



APPENDIX D Vegetation Sampling R e s u l t s  

XEMST TOWN AND LOCATION TIME- TIME- GROSS GAMMA 
DATE DATE AT COUNT TIME 

COLLECTED COUNTED (cpm/ kg) 

COLORADO 

Denver , Colorado 1220 1555 
8 m i .  S Jct .US 6 and 1-25 12/14/68 12/16/68 5,700 

Pueblu, Colorado 1.350 1605 
1 m i .  S Jc t .Cn lo .  9 6  and 1-25 12/14/68 12/16/68 2,400 

Walsenburg, Colorado 1510 1545 
4.6 m i .  N Jct .US 160 and 1-25 12/14/68 12/16/68 2,700 

NEBRASKA 

Omaha, Nebraska 

NEVADA 

Highway 6 - Tonopah t o  Warm S p r i n ~ s  

Tonopah, Nevada 1130 2055 
10 m i .  E J c t .  6/95 on Hwy. 6 12/8/68 12/9/68 180,000 

Tonopah, Nevada 
20 m i .  E J c t .  6/95 on Hwy. 6 

Tonopah , Nevada 
30 m i .  E J c t .  6/95 on Hwy. 6 

Tonopah , Nevada 
40 m i .  E J c t .  6/95 on Hwy. 6 

Tonopah, Nevada 
50 m i .  E J c t .  6/95 on Hwy. 6 

Highway 6 - Warm Springs t o  Ely 

Warm Spr ings ,  Nevada 1255 1630 
Serv ice  S t a t i o n  12/9/68 12/10/68 110,000 

Warm Springs ,  Nevada 
10 m i .  NE on Hwy. 6 

Warm Spr ings ,  Nevada 
20 m i .  NE on Hwy. 6 



APPENDIX D (cont inueJ)  

NEAREST TOWN AND LOCATION TIME- TIME- GROSS GAMMA 
DATE DATE 1AT COUNT TIME 

COLLECTED COUNTED (cpm/kg) 

NEVADA (cont  ' d) 

Highway 6 - Warm S p r i n ~ s  t o  Ely 

Warm Spr ings ,  Nevada 
30 mi. NE on Hwy. 6 

Warm Spr ings ,  Nevada 
40 m i .  NE on Hwy. 6 

Warm Spr ings ,  Nevada 
50 m i .  NE on Hwy. 6 

Warm Springs , Nevada 
60 m i .  NE on Hwy. 6 

Warm Spr ings ,  Nevada 
64 m i .  NE on Hwy. 6 
(Currant ,  Nevada) 

Warm Spr ings ,  Nevada 
70 m i .  NE on Hwy. 6 

Warm Spr ings ,  Nevada 
80 mi. NE on Hwy. 6 

Warm Spr ings ,  Nevada 
90 m i .  NE on Hwy. 6 

Warm Spr ings ,  Nevada 
100 m i .  NE on Hwy. 6 

Warni Spr ings ,  Nevada 
110 m i .  NE on Hwy. 6 

Warm Spr ings ,  Nevada 
120 m i .  NE on Hwy. 6 

Highway 50193- J c t .  Hwy. 6/93 t o  J c t .  6/73 

Shoshone, Nevada 
J c t .  6/93 

Shoshone, Nevada 1302 1425 
10 m i .  E J c t .  6/93,  Hwy. 6 12/9/68 12/13/68 7,500 

Shoshone, Nevada 1322 1510 
20 m i .  E J c t .  6/93,  Hwy. 6 12/9/68 12/13/68 7,000 

Shoshone, Nevada 
J c t .  Highway 6/73 



APPENDIX D (cont inued)  

NEAREST TOWN AND LOCATION TIME - TIME- GROSS GAMMA 
DATE DATE 'AT C'OUNT TIME 

COLLECTED COUNTED (cpm/ka 

NEVADA (con t 'd )  
Highway 73 

Baker, Nevada 
5 mi. SE on Hwy. 73 

Hi~hway 8A - J c t .  Hwy. 8A/6 Northward 

Tonopah, Nevada 
J c t .  8A/6 

Tonopah, Nevada 1145 1110 
10 m i .  N J c t .  8A/6 on 8A 12/9/68 12/11/68 110,000 

Tonopah , Nevada 1200 1111 
20 m i .  N J c t .  8A/6 on 8A 12/9/68 121 111 68 71,000 

Tonopah, Nevada 1220 1111 
30 m i .  N J c t .  8A/6 on 8A 12/9/68 12/11/68 60,000 

Tonopah, Nevada 1235 1036 
40 m i .  N J c t .  8A/6 on 8A 12/9/68 12/11/68 39,000 

Tonopah , Nevada 1255 1035 
, 5 0  m i .  N J c t .  8A/6 on 8A 12/9/68 12/11/68 32,000 

Tonopah, Nevada 1335 1052 
60 m i .  N J c t .  8A/6 on 8A 12/9/68 12/11/68 17,000 

Tonopah, Nevada 1350 103 6 
70 m i .  N J c t .  8A/6 on 8A 12/9/68 12/11/68 12,000 

Tonopah , Nevada 1410 1052 
80  m i .  N J c t .  8A/6 on 8A 12/9/68 12/11/68 14,000 

Tonopah, Nevada 1430 1035 
90 m i .  N J c t .  8A/6 on 8A 12/9/68 12/11/68 12,000 

Tonopah, Nevada 1500 1132 
100 m i .  N J c t .  8A/6 on 8A 12/9/68 12/11/68 63,000 

Highway 25 - Warm Springs  t o  Hancock Summit 

Warm Spr ings ,  Nevada 1350 1840 
1 0 m i .  SE J c t .  6/25 onHwy. 25' 12/8/68 12/10/68 180,000 

Warm Spr ings ,  Nevada 1420 17 17 
20 m i .  SE J c t .  6/25 on Hwy. 25 12/8/68 12110168 450,000 



APPENDIX D (cont inued)  

NEAREST TOWN AND LOCATION TIME- TIME- GROSS GAMMA 
DATE DATE AT COUNT TIME 

COLLECTED COUNTED (cpm/ kg) 

NEVADA (c on t  ' d) 

Highway 25 - Warm Springs  t o  Hancock Summit 

Warm Spr ings ,  Nevada 
30 mi. SE J c t .  6/25 on Hwy. 25 

Warm Spr ings ,  Nevada 
40 m i .  SE J c t .  6/25 on Hwy. 25 

Warm Spr ings ,  Nevada 
50 mi. SE J c t . .  6/25 on Hwy. 25 

Warm Springs ,  Nevada 
60 mi. SE J c t .  6/25 on Hwy. 25 

Warm Springs  , Nevada 
70 m i .  SE J c t .  6/25 on Hwy. 25 

Warm Spr ings ,  Nevada 1635 1830 
8 0 m i .  SE J c t .  6/25 onHwy. 25 12/8/68 12/10/68 60,000 

Hiphway 38 - Lund t o  Hiko 

Lund, Nevada 
1 mi. S on Hwy. 38 

Lund, Nevada 
11 m i .  S on Hwy. 38 

Lund, Nevada 
21 mi. S on Hwy. 38 

Lund, Nevada 
3 1  m i .  S on Hwy. 38 

Lund, Nevada 
41 m i .  S on Hwy. 38 

Lund, Nevada 
51  mi. S on Hwy. 38 

Lund, Nevada 
61 mi. S on Hwy. 38 

Lund, Nevada 
7 1  m i .  S on Hwy. 38 

Lund, Nevada 
81 m i .  S on Hwy. 38 



APPENDIX D (cont inued)  

NEAREST TOWN AND LOCATION TIME- TIME- GROSS GAMMA 
DATE DATE AT COUNT TIME 

COLLECTED COUNTED (cpm/ kr) 

NEVADA (cont  ' d) 

Highway 50 - Ely t o  Eureka 

Ely ,  Nevada 
C i t y  Limits  W Hwy. 50 

Ely ,  Ncvada 
10 mi. W on Hwy. 50 

E ly ,  Nevada 
20 m i .  W on Hwy. 50 

Ely ,  Nevada 
30 m i .  W on Hwy. 50 

Ely ,  Nevada 
40 m i .  W on Hwy. 50 

Ely,  Nevada 
50 mi. W on Hwy. 50 

~ i ~ ,  Nevada 
60 mi. W on Hwy. 50 

Ely ,  Nevada 
70 mi. W on Hwy 50 

Highway 50 - Aus t in  t o  Eureka 

Aust in ,  Nevada 
5 mi. E on Hwy. 50 

Aust in ,  Nevada 
20 m i .  E on Hwy. 50 

Aust in ,  Nevada 
35 m i .  E on Hwy. 50 

Aust in ,  Nevada 
50 m i ;  E on Hwy . 50 

Aust in ,  Nevada 
55 m i .  E on Hwy. 50 

Highway 50 - Eas tga te  t o  Aus t in  

Eas tga te ,  Nevada 



APPENDIX D (continued) 

NEAREST TOWN AND LOCATION TIME- TIME - GROSS' GAMMA 
DATE DATE AT COUNT TIME 

COLLECTED COUNTED (cpm/ kg) 

NEVADA (cont ' d) ' 

Highway 50 - E a s t a a t e  t o  Aust in  

Eas tga te ,  Nevada 
10 m i .  E on Hwy. 50 

E a s t g a t e ,  Nevada 
25 m i .  E on Hwy. 50 

Eas tga te ,  Nevada 
40 m i .  E on Hwy. 50 

Highway 50 - Eas tga te  Westward 

Eas tga te ,  Nevada 

Eas tga te ,  Nevada 
5 m i .  W on Hwy. 50 

Eas tga te ,  Nevada 
15 m i .  W on Hwy. 50 

Highway 93 - Elv t o  Pioche 

Ely,  Nevada 
Hwy. Marker 6 

Ely ,  Nevada 
10 m i .  S on Hwy . 93 

Ely,  Nevada 
20 m i .  S on Hwy. 93 

Ely,  Nevada 
30 m i .  S on Hwy. 93 

Ely,  Nevada 
40 m i .  S on Hwy. 93 

Ely ,  Nevada 
50 m i .  S on Hwy. 93 

Ely ,  Nevada 
60 m i .  S on Hwy. 93 



APPENDIX D (continue(!) 

NEAREST TOWN AND LOCATION TIME- TIME- GROSS GAMMA 
DAW DATE A'I' COUNT TIME 

COLLECTED COUNTED (cpm/lcg) 

NEVADA (cont  ' d) 

Highway 93 - Ely t o  Pioche 

Ely ,  Nevada 
70 m i .  S on Hwy. 93 

Ely ,  Nevada 
80 m i .  S on Hwy. 93 

Ely ,  Nevada 
90 m i .  S on Hwy . 93 

E ly ,  Nevada 
100 m i .  S on Hwy. 93 

NEW MEXICO 

Albuquerque, New Mexico 
1 mi. W Jct.US 66 and 1-25 

Albuquerque, New Mexico 
4 m i .  N J c t .  1-25 andUS 66 

Raton, New Mexico 
17 .2  m i .  S N.M.-Colo. border  

on 1-25 

San ta  Fe,  New Mexico 
18.9 m i .  E on US 85 

Wagon Mound, New Mexico 
16.7 m i .  W on 1-25 

UTAH 

Gar r i son ,  Utah 

Garr ison,  Utah 
7 m i .  SE on Hwy. 21 

Garr ison,  Utah 
17 m i .  SE on Hwy . 21 



APPENDIX D ( c o n c l u d e d )  

NEAREST TOWN AND LOCATION TIME- TIME- GROSS GAMMA 
DATE DATE AT COUNT TIME 
COLLECTED COUNTED (cpm/ kg) 

UTAH ( c o n t  ' d) 

~ a r r i s o n ,  Utah  
2 7 ' m i .  SE on  Hwy. 21  

G a r r i s o n ,  Utah  
37 mi. SE on  Hwy. 21  

G a r r i s o n ,  U t a h  
47 m i  SE on  Hwy 21  

G a r r i s o n ,  Utah  
57 mi.  SE on  Hwy. 21  

G a r r i s o n ,  Utah  
67 m i .  SE o n  Hwy 21 

M i l f o r d ,  Utah 

P r o v o ,  Utah 
30 mi. S on  Hwy. 9 1  



APPENDIX E. AIR SAMPLING RESULTS 

( A c t i v i t y  E x t r a p o l a t e d  t o  end o f  C o l l e c t i o n  P e r i o d )  
I S O T O P I C  R E . s U L T S  

LOCATION DATE TIME SAEIPLING COLL. DATE-TIME 3 0 7  3 07 131, GROSS EETA 
3 3 L31 W 

10 1 
Azimuth D i s t a n c e  On On PERIOD NEDIW. ofGAEIMA W 3 3 O t h e r  

Off Off ( h o u r s )  SCAN (pCilm ) bCi.sec!m ) (pCilm ) (P C i  s e c l m  ) 

Kineman. A r i z o n a  12-10 1930 24.0 PF 1811450 5 8 5 . 0  P r e s e n t  ND ND 

P h o e n i x ,  A r i z o n a  
137O 

Sel igman,  Ar izona  
124' 

Winslow, A r i z o n a  
116' 

204 mi 11 1930 CC No CC r u n  

11 1930 24.0 PF 2311225 100  8 .7  ND ND P r e s e n t  
1 2  1930 CC No CC r u n  

1 2  1930 24.0 PF 2411052 2 .6  0 . 2 3  P r z s e n t  ND ND 
1 3  1930 CC No CC r u n  

12-11 1600 24 .0  PF 2311213 66 5 . 7  P r e s e n t  ND 0 .3  0.026 
370 m i  1 2  1600 CC No CC r u n  

1 2  1600 24.0 PF 2311308 1 0  0.87 P r z s e n t  ND ND 
1 3  1600 CC No CC r u n  

2-06 1600 24.0 PF 2-13/0920 1 . 4  0.12 P r e s e n t  ND ND 
07 1600 CC No CC r u n  

12-11 0700 24.0 PF 1711924 57 4 . 9  P r e s e n t  2712.3 0 . 2  0.02 
249 m i  1 2  0700 CC No CC r u n  

1 2  0700 24.0 PF 2411023 3 .0  0 . 2 6  P r e s e n t  ND ND 
1 3  0700 CC No CC r u n  

12-11 1200 24.0 PF 2311213 4 7 4 . 1  P r e s e n t  ND ND 
364 m i  1 2  1155 CC No CC r u n  

1 2  1200 24.0 PF 2411040 2 . 8  0 .24  P r e s e n t  ND ND 
1 3  1155 CC No CC r u n  

Baker ,  C a l i f o r n i a  1-08 1400 24.0 PF 1-17/1518 1.1 0.098 P r e s e n t  ND ND 
170' 1 3 8  mi 09  1400' CC No CC r u n  

.-- ---------- 
PF - . P a r t i c u l a t e  f i l t e r  
CC - C h a r c o a l  c a r t r i d g e  
N I  - Not i d e n t i f i e d  at t i m e  o f  c o u n t  
ND - Not d e t e c t e d  



APPENDIX E. AIR SAMPLING RESULTS (continued) 

I S O T O P I C  R E S U L T S  

GROSS BETA . 1311 LOCATION DATE TIME SAMPLING COLL. DATE-TIME 18lW 187w 
3 3 

3 3 Other 
Azimuth Distance On On PERIOD WEDIUM ofGAMMA (pCi/m ) (uCi. sec/m ) 

SCAN 
(~Ciim ) (;ci.sec/m ) 

Off Off (hours) 
Barstow. California 1-09 0700 24.0 PF 1-14/1548 1.5 0.13 Present ND ND 

171 mi 10 0700 CC No CC run 

Bishop* California 
271 101 mi 

No positive samples collected 

Death Valley Jct.,Calif. 1-18 0700 25.0 PF 30/0910 3.1 0.28 Present ND ND 
173O 73 mi 19 0800 CC ND ND ND 

20 0700 24.0 PF 1.6 0.1.4 ND ND ND 
21 0700 CC 1-24/0835 Present ND ND 

21 0700 24.0 PF 2410835 1.6 0.14 Present ND ND 
22 0700 CC Nn hTl ND 

2-18 0700 24.0 PF 2-24/0925 0.7 0.06 ND ND 
19 0700 CC Present ND ND 

Furnace Creek, Calif. 2-18 0705 24.0 PF 2-26/0915 3.0 0.26 Present ND ND 
197O 61 mi 19 0705 CC No CC run 

Indio, California 12-12 0830 24.0 PF 2311255 5.2 0.45 Present ND ND 
176' 252 mi 13 0830 CC No CC run 

1-08 0815 24.0 PF 1-14/1530 1.6 0.13 Present ND ND 
09 0815 CC No CC run 

09 0815 24.0 PF 14/1510 2.1 0.18 Present ND ND 
10 0815 CC No CC run 

2-16 0800 24.0 PF 2-2010945 0.9 0.08 Present 
17 0815 CC No CC run 

. - - - - - - - - - - - - 
PF - Particulate filter 
CC - Charcoal cartridge 
NI - Not identified at time of count 
ND - Not detected 



APPENDIX E. AIR SAMPLING RESULTS (continued) 

I S O T O P I C  3 E S U L T S  .------------------------------ 
LOCATION DATE TIME SAMPLING COLL. DATE-TTME GROSS BETA 18lW 187w 1311 

Azimuth . Distance On On PERIOD MEDIUM of GAMMA 3 3 3 3 Other 
(pCi!m ) (pCi-seclm ) 

Off Off (hours) SCAB (pCi/m ) hCi-sec/m 

Lone Pine, California PF No positive samples collected 
238' 98 mi CC 

Needles, California 12-11 
148' 206 mi 12 

12 
13 

17 
18 

20 
22 

260 16 ND .LT(0.5) 0.4 0.02 
No CC run 

3.4 0.37 Present ND ND 
No CC run 

1.4 0.14 Present ND ND 
No CC run 

0.6 0.1 Present ND ND 
No CC run 

Ridge-rest, Calif. 1-10 1235 24.0 PF 1-17/1529 0.8 0.07 Present ND ND 
207' 133 mi 11 1253 CC No CC run 

Shoshone, Calif. 
17 i3O 

0.78 Present ND ND 
No CC run 

0.14 Present ND ND 
No CC run 

0.089 Present ND ND 
No CC run 

C.24 Present ND ND 
No CC run 

Denverd Colorado 12-09 2030 12.0 PF 1311626 210 5.0 NI 16016.9 ND 
075 . 648 mi 10 0830 CC 1211751 ND ND ND 

10 0830 24.0 PF 1811245 140 12 Present 120110 0.4 0.03 

--------- 11 0830 CC 1312050 Prese~t 10f0.86 ND 

PF - ?articulate filter " 

CC - Charcoal cartridge 
NI - Not identified at time of count 
ND - Not detected 



APPENDIX E. AIR S.WLING RESULTS ( con t inued )  

I S O T O P I C  R E S U L T S  
1311 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 
1 8 l w  187w 3 3 Other  

Azimuth D i s t a n c e  On On PERIOD MEDIUM of GAMMA 3 3 
(pCiIm ) (p Ci.sec /m ) 

Off Off (hours)  SCAN (pCilm ) ( ~ ~ C i . s e c l m  

Denverd Co lo . ( con t inued )  12-11 0830 24 .1  PF 1911010 8 .1  0 .71  P r e s e n t  ND ND 
075 648 m i  12  0835 CC 1711325 P r e s e n t  2412.1 , ND 

P r e s e n t  ND 
ND ND 

Durango, Colorado 12-09 1731 24.0 PF 
090° 477 m i  1 0  1730 CC 

P r e s e n t  ND 
ND ND 

1 5  1731 24.0 PF 
16 1730 CC 

rD 
.J 

Grand J u n c t i o n ,  Colo . 12-09 1700 40.4 PF 
075' 451 mi 11 0818 CC 

P r e s e n t  ND 

P r e s e n t  210130 
No' sample r e c e i v e d  

P r e s e n t  ND 
ND ND 

rang el^, Colorado 12-09 0745 23.3 PF 
067 458 m i  1 0  0709 CC 

P r e s e n t  10018.4 
ND ND 

P r e s e n t  ND 
ND ND 

P r e s e n t  ND 
ND ND 

Pueblo  Colorado 12-08 1850 18 .8  PF 
084' 655 m i  09 1343 CC 

- ---- -- 
?F - P a r t i c u l a t e  f i l t e r  
CC - Charcoal  c a r t r i d g e  
N I  - Not i d e n t i f i e d  a t  t i m e  of  count 
ND - Not d e t e c t e d  



APPENDU E. AIR SAMPLING RESULTS (contir-ued) 
I S O T O P I C  R E S U L T S  

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 1 8 l w  187 W 3 
1311 

3 3 
3 O t h e r  

Azimuth D i s t a n c e  On On PERIOD MEDIUM o f s E r  "Acilm ) (vCi.seClm ) (pCiim ) (pCi.sec/m ) 
Off Off (hours)  

Pueblo .  Co lo . ( con t i nued )  12-09 1347 23.8 PF 1311537 99 8 .5  X I  6415.5 ND 

Boise ;  I daho  
002O 

1 0  
11 

23 
24 

\O 
w I daho  F a l l s ,  Idaho 12-09 

029' 486 mi 1 0  

1 0  
11 

1 2  
1 3  

20 
23  

24 
26 

Mountain Home, I daho  12-08 
007' 402 mi 09 

09 

. - - - - - - - - - - - - 1 0  
PF - P a r t i c u l a t e  f i l t e r  
CC - Charcoa l  C a r t r i d g e  
NI - Not i d e n t i f i e d  a t  t i m e  of  coun t  
ND - Not d e t e c t e d  

22.4 PF 1311600 
CC 1211810 

27 .3  PF. 1810949 
CC 1312114 

P r e s e n t  
Preser. t  

P r e s e n t  
P r e s e n t  

N I  
N I  

P r e s e n t  
N I  

P r e s e n t  
P r e s e n t  

NI 
m 
P r e s e n t  
N I  

P r e s e n t  ND 

P r e s e n t  ND 

ND ND 
P r e s e n t  ND 

N I  1200197 
ND ND 

P r e s e n t  24001240 
ND ND 



APPENDIX E. AIR SAMPLING RESULTS ( con t i nued ) '  
I S O T O P I C  R E S U L T S  .------------------------------- 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 1 8 l W  187W 1311 

Azimuth D i s t a n c e  On On PERIOD MEDIUM of  GAMMA 3 3 3 3 O the r  (pCiIm ) (pCi. sec lm ) 
SCAN (pCi/m (pCi.sec/m Off Off ( hou r s )  

MountainHome, I daho (c0n t i nued )  12-10 1930 22.0 PF 1911448 330 2 6 P r e s e n t  240119 0.8 0.06 
007O 402 mi 11 1730 CC 1711141 ND ND ND 

1 3  1800 .28.4 PF 2611400 2.5 0.25 P r e s e n t  ND ND 
14 2230 CC 1911055 ND ND NP 

14 2230 22.8 PF 2611425 3.4 0.28 P r e s e n t  ND N I ? ,  
1 5  2100 CC 1911300 Nn ND ND 

P o c a t e l l o ,  I daho  12-08 
030' 438 mi 09 

0 9 
1 0  

1 0  
11 

P r e s t o n ,  I daho  12-08  
037' 412 mi 09 

0 9 
1 0  

Twin F a l l s ,  I daho  12-09 
017O 377 mi 1 0  

1 0  
11 

11 
1 2  

12  
1 3  

1 3  
. - ---- -- - -- -- 1 4  
PF - P a r t i c u l a t e  f i l t e r  
CC - Charcoa l  c a r t r i d g e  
N I  - Not i d e n t i f i e d  a t  t i m e  of  count  
ND - Not d e t e c t e d  

N I  
Nn 

N I  
N I  

P r e s e n t  
P r e s e n t  

N I  
ND 

P r e s e n t  
ND 

N I  
N I  

P r e s e n t  
N I  

P r e s e n t  
P r e s e n t  

P r e s e n t  
ND 

P r e s e n t  
ND 



APPENDIX E. AIR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  

GROSS BETA 
lSIW 187w 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME 
IJL1 3 Other 

3 
(p~i/m3) (pCi.seclm. ) 

Azimuth Distance On On PERIOD MEDIUM of G m 4  (pCi1m3) (iCi. sec~m ) 
Off Off (hours) SCAN 

Twin Falls, Idaho (continued) 12-14 0900 24.0 PF 2411130 ' 1.3 0.11 Present ND ND 
olio 377 mi 15 0900 CC 1710920 ITD ND NC 

.- ,-3, Other 
3 

.r--, ... , .p-- - J C I  It,. I 

Off Off (hours) 
Gm4 (pci/m3) (;~i.sec/m ) 
SCAN 

Twin Falls, Idaho (continued) 12-14 0900 24.0 PF 2411130 ' 1.3 0.11 Present ND ND 
CC 1710920 ITD ND NC 

0.6 0.05 ID ND 
Present ND 

1.1 0.096 Present ND 
ND ND 

No positive samples collected. Iowa City, Iowa 
077' 1362 mi 

Sioux City, Iowa 12-11 1000 
072O 1122 mi 12 1000 

8.4 0.73 Present ND 
ND ND 

No positive samples collected. Dodge City, Kansas 
088' 904 mi 

0 

Lake Charles, Louisiana 12-13 0856 
lloO 1423 mi 16 0934 

2-10 0931 
11 0829 

13 0831 
14 1539 

0.6 0.2 Present ND 
No CC run 

LT(0.2) Present ND 
No CC run 

1.8 0.020 Present ND 
No CC run 

Monroed Louisiana 12-13 1500 
104 1$20 mi 16 1600 

0.5 0.1 Present ND 
No CC run 

No positive samples collected. New Orleans, Louisiana 
log0 1594 mi 

Minnea olis, Minnesota 
066 g 1314 mi 

No positive samples collzcted. 

Joplin Missouri d 
12-13 0755 

091 1210 mi 14 0735 
2.2 0.19 Present ND 

ND ND 

No positive samples collected. St. Joseph, Missouri 

082' 1182 mi 



APP&NDLX E. AIR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  ._--_--_-_---------, ---.-- 

1311 
LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 181# 187w 3 Other 

Azimuth Distance On On PERIOD MEDIUM ofGAMMA 3 3 (pCi/m 1 (pCi-~e~/m ) 
Off ' Off (hours) SCAN (pCi/n ) (pCi-sec/m ) 

St. Louis, Missouri 12-12 1801 23.9 PF 2612210 1.6 0.13 Present ND ND . 
086' 1433 mi 13 1757 CC 1711845 ND ND ND 

Bozeman, Montana 12-09 0755 24.0 PF 1311550 180 16 NI 130111 ND 
026' , 641 mi 10 0755 CC 1211750 NI 1611.4 ND 

100755 8.7 PF 1810928 860 2 7 Present 800125 2.1 0.066 
10 1650 CC 1312035 Present ND ND 

10 1655 15.3 ?F 1811359 270 15 Present. 200111 0.8 0.04 
11 0810 CC 13/2100 Present 4'.9/0.27 ND 

Billin s, Montana . 
036 B 

11 0810 23.7 PF 1812140 2 8 2'. 4 Present ND N D :  
12 0800 CC 1711141 ND ND ND 

0.13 Present ND ND 
ND ND ND 

14 0905 25.0 PF 2411310 1.9 0.17 Present ND ND 
15 1005 CC 1711703 ND ND ND 

110 3.1 NI 
ND 

150 8.7 Present 
ND 

50 . 4.3 ND 
Present 

0.6 0.1 Present 
ND 

Missoula, Montana 12-10 0900 8.2 PF 1810949 43 1.3 Present NO ND 
012O 671 mi 10 1700 CC 1312125 ND ND ND 

10 1700 15.2 PF 1811355 64 3.5 Present ND ND 
11 0800 CC 1712215 ND ND ND 

I North Platte, Nebraska 12-10 1130 28.0 PF 1811450 170 17 Present 130113 0.6 0.06 
073' 883 mi 11 1530 CC 1812027 ND ND ND 



APPENDIX E. AIR SAMPLING RESULTS (continued) 
I S O T O P I C  E E S U L T S  .---------------------------- 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 18lW 187w 
1311 

Azimuch Distance On On PERIOD MEDIUM of GAMA 3 3 3 3 Other (pCi/m ) (pCi.sec/m ) 
Off Off (hours) SCAK (pCi/m (pCi.sec/m 

Alamo, Nevada 12-08 0815 24.3 PF 21/21Cl0 2 2 1.9 Present ND ND 
08.3' 77 mi 09 0830 CC 1811640 ND ND ND 

Austin* Nevada 12-07 
350 150 mi 09 

09 
10 

10 
12 

Battle Mountain, Nevada 12-09 
355O 299 mi 10 

10 
11 

11 
12 

15 
16 

Present ND 
ND ND 

Present ND 
ND ND 

NI 110~3/190 
No CC run 

Present 21001250 
No CC rcn 

Present ND 
ND ND 

Present ND 
ND ND 

Present ND 
ND ND 

Present ND 
ND ND 

No PF run 
NI 6COl67 

NO PF run 
NI 36C10/210 

No PF run 
Present ND 

No PF run 
Present ND 



APPENDIX E. AIR SMlPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  

101 W 1 0 1  

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 3 3 Other 
(~Cilm )(uCi.sec/m ) .. - . . .- . . 

Azimuth. Distance ON On PERIOD MEDIUM ofGAMMA 3 3 
Off Off (hours) SCAN (pCiIm ) (pCi- seclm ) 

Beatty, Nevada 12-08 1730 24.2 PF 1311610 7 6 6.6 NI 5113.4 ND 

Blue Eagle Ranch, Currant, Nev. 12-08 
034' 97mi 08 

1.1 NI 4 .o/o. 35 
NI 4.010.35 

0.25 Present ND 
ND ND 

0.20 Present ND 
No CC run 

0.18 Present ND 
No CC run 

Blue Jay, Nevada 12-08 0900 
015' ' 75 mi 09 0720 

1200 NI 12,0001960 
N I 540143 

640 NI 48001410 
NI 1700/144 

180 Present 16001150 
NI 10019.4 

3.4 NI 2111.6 
NI 1310.96 

.---- -------- 
*Results of s'equential counting for evaluating minor components. 



APPENDIX E. AIR SAMPLING RESULTS ( con t inued )  
I S O T O P I C  R E S U L T S  

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 1 8 l W  187w 
1 3 1  

3 I 
Other  

Azimuth D i s t ance  On On PCRInD WDILX ofGAMMA 3 3 
(pCi1m ) $ C i .  sec lm ) (pz i lm ) (pCi.sec/m ) 

Of E Off (hours)  SCAN 
Blue J a y ,  Nevada(c0ntinued) 12-12 0550 25.6 PF 1611635 14 1 . 3  ND ND ND 

015' 75 m i  1 3  0725 CC 1411855 N I  7.810.71 0.5 0.046 

1 3  0725 25.2 PF 2112136 6 .5  0 .59  P r e s e n t  ND ND 
14  0900 CC 1811805 P r e s e r t  ND 0.8 0.072 

14 0900 22.6 PF 2112140 64 5 . 2  ND 0 .1  0.008 P r e s e n t  
15  0745 CC 1811815 P r e s e n t  1010.8 0.4 0 .03  

1 6  0700 24 .1  PF 2311004 2.6 0.22 P r e s e n t  ND ND 
17 0745 CC 1811820 ND ND ND 

1 7  0745 23.8 PF 1-04/1500 1 .7  0 .15  P r e s e n t  ND ND 
1 8  0715 CC 2711730 ND ND ND 

1 8  0715 23.8 PF 1-04/1457 2 .1  0.18 P r e s e n t  ND ND 
1 9  0710 CC 2711705 ND ND ND 

19 0710 24.1 PF 1-04/1434 2.6 0.22 P r e s e n t  ND ND 
P 
0 

20 0725 CC 2711635 ND ND ND 
c. 

23 0710 24.3 PF 3011121 1 . 5  0.14 P r e s e n t  ND ND 
24 0730 CC 2711414 ND ND ND 

24 0730 25.4 PF 3011237 2.0 0 .18  P r e s e n t  ND ND 
25 0900 CC 2711626 ND ND ND 

25 0900 22.6 PF 3011105 27 2.2 P r e s e n t  ND ND 
26 0740 CC 2711715 ND ND ND 

1-03 0725 25.6 PF 0 .6  0.05 
04 0900 CC 1-08/1215 Presen: ND ND 

1-13 0700 24.9 PF 1-16/1335 1 7  1 . 6  Preseni: ND ND 
14  0800 CC No C C  run  

1 9  1115 19 .6  PF 1-23/0845 2.3 0.17 P r e s e n t  ND ND 
20 0655 CC No CS r u n  

24 0915 21.2 PF 1-3011252 8.6 0.65 P r e s e n t  ND ND 
25 0635 CC No CC run  

25 0635 27.1 PF 1-2810.320 11 1.Q P r e s e n t  ND ND 
26 0940 CC No CC run  



APPENDIX E . AIR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  

1311 
LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 181" 187w 

Azimuth Distance On On PERIOD MEDIUM of GAMMA (pcilm 3 ) (uCi.seclm 3 ) 
3 (pCi/m )(p~i.sec/m3) Other 

Off Off (hours) SCAN 
Blue Jay, Nevada (continued) 2-18 0710 26.2 PF 2-26/0915 2.5 0.23 Present ND ND 

015' 75 mi 19 0925 CC No CC run 

24 0725 24.7 PP 2-28/1030 1.6 0.14 Present ND ND 
25 0835 CC No CC run 

Caliente, Nevada 12-11 0825 25.7 PF 1812140 6.9 0.63 Present Nn ND 
081' 114 mi 12 1005 CC 1711647 Present ND ND 

Clark Station, Nevada 12-08 0955 11.8 PF 1710920 200,000 
(Stickelman's Farm) 08 2145 CC 0911620 
356' 55 mi 08 2145 15.3 PF 1010240 59,000 

09 1320 CC 1010255 

09 1320 22.5 PF 1110310 15,000 
10 1200 cc 11/0230 

10 1205 23.2 PE 1811320 1700 
11 1120 CC 1211603 

11 1120 23.5 PE 1411855 58 
12 1045 CC 1411850 

12 1045 21.0 PF 
13 0745 CC 1711134 

13 0745 73.0 PF 2112110 2 1 
16 0845 CC 1712037 

16 0845 23.5 PF 2611325 3.4 
17 0815 CC 2011340 

17 0815 26.0 PF 2611325 2.7 
18 1020 CC 2011335 

18 1020 21.5 PF 2611052 5.7 
19 0750 CC 2011335 

19 0750 23.5 PF 2710930 4.5 
20 0720 CC 2311426 ---- 

** 133~=68d, 135~=120. 
*-Results of sequential counting for evaluating minor conponents. 

3300 N I 47,00012600 NI 
NI 36001190 NI 135~,95 

1200 NI 12',000/950 NI 
NI 750160 ND 

140 Present 1100192 2.9 0.24 
NI 180115 ND 

4.9 NI 3112.6 0.1 0.008 
NI 3112.6 0.6 0.05 

Sample not received. 
Present ND ND 

5.5 Present ND ND 
Present ND ND 

0.29 Present ND ND 
Present ND ND 

0.25 Present ND ND 
Present ND Nn 

0.44 Present ND ND 
ND ND ND 

0.38 Present ND ND 
Present ND ND 



APPEND= E. AIR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  .------------------------- 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 18lW 187w 
1311 

3 3 
3 3 Other 

Azinuth Distance On On PERIOD MEDIUM o f s E r  ((pci/m ) (pCi.sec/m ) (p:i/m ) $Ci. sec/m ) 
Off Off (hours) 

Clark Station, Nev.(continued) 12-20 0720 49.6 PF 2711440 1.6 0.29 ND ND ND 
22 0915 CC 2611405 ND l4'Eia=0. 1 Present ND (Stickelman's Farm) 

- 356' 55 mi 22 0915 47.0 PF 1-02/1125 2.2 0.38 Present ND ND 
24 0830 CC 27/1705 ND ND ND 

24 0830 49.2 PF 1-02/1333 2 9 5.2 Present ND ND 
26 0930 CC 3011455 Presert ND ND 

30 1120 45.5 PF 1-06/1237 0.9 0.2 Present ND ND 
1-01 0900 CC 1-02/1530 ND ND ND 

1-01 0900 48.1 PF 1-08/1141 0.7 0.1 Present ND ND 
03 0915 CC 1-07/1348 ND ND ND 

06 0830 L7.4 PF 1-13/1335 1.6 0.28 Present ND ND 
. 08 0800 CC 1-17/1315 ND ND ND 

08 0800 47.8 PF 1-14/1510 1.4 0.25 Present ND ND 
10 1000 CC 1-15/1405 ND ND ND 

10 1006 47.4 PF 1-15/1010 9.8 1.7 Present ND ND 
12 0930 CC 1-17/1327 Present ND ND 

12 0930 25.3 PF 1-17/1052 20 1.9 Present ND ND 
13 1050 CC 1-20/1530 Present ND ND 

13 1050 21.3 PF 1-17/1205 5 5 4.3 Present ND ND 
14 0750 CC 1-20/1510 Present ND ND 

14 0750 24.0 PF 1-17/1142 2.0 0.17 ND ND ND 
15 0840 CC 1-20/1420 Present ND ND 

19 0710 25.2 PF 1-22/0940 3.4 0.30 Present ND ND 
20 0830 CC 1-23/1025 ND ND ND 

2-18 0745 26.4 PF 2-26/0942 2.9 0.27 Present ND ND 
19 1000 CC 2-24/1350 Present ND ND 

25 0715 24.2 PF 0.8 0.07 
26 0725 CC 3-03/0902 Present ND ND 



APPENDIX E, AIR SAMPLING RESULTS (cont inued)  
I S O T O P L C  R E S U L T S  .____-__----_______---_,-_---- . . .  

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA . 1 8 l W  187w 
1311 

Azimuth D i s t ance  On On PERIOD MEDIUM of GAMMA 3 3 
3 3 Other  

, SCAN (pc i lm (pCi-sec /m ) 
(pCi/m ) (pCi.sec/m ) 

Off Off (hours)  
C u r r a n t ,  Nevada 12-08 0700 22.9 PF 1311835 7300 600 N I  51001420 N I  

033' 118 m i  09 0640 CC 2711442 P r e s e n t  ND ND 

09 0640 7 .1  PF . 1011949 2500 64 N I  2400161 N I  
09 1400 CC 1011854 N I  13012.3 ND 

09 1400 22.1 PF 1110330 440 35 N I  250120 ND 
10  1225 CC 1110215 N I  5.5/0'.44 ND 

1 0  1226 17 .5  PF 1212230 530 3 3 N I  360123 ND 
11 0625 CC 1212243 N I  1110.69 ND 

11 0630 23.7 PF 1311815 12 1 . 0  N I  5.010.43 ND 
1 2  0640 CC 1312035 ND ND ND 

1 3  0640 23.6 PF 2112125 2.4 0.20 P r e s e n t  ' ND ND 
14  0710 CC 1811550 ND ND ND 

14 0710 21.9 PF 2112158 2.7 0.21 P r e s e n t  ND ND 
15  0600 CC 1811640 ND ND ND 

1 9  0640 23.0 PF 3111021 1 .0  0.081 P r e s e n t  ND ND 
20 0645 CC 2711422 P r e s e n t  ND ND 

1-07 0645 23.3 PF 1-13/1350 1 .5  0.12 P r e s e n t  ND ND 
08 0640 CC 1711248 ND ND ND 

11 0700 23.1 PF 1-17/1512 1 .0  0.083 P re sen t  ND ND 
12 0700 CC 1-17/1115 ND ND ND 

C u r r i e  Nevada 12-08 0718 23.2 PF 1311545 4500 380 N I  53001440 N I  
026' 224 m i  09 0708 CC 1712145 ND . ND ND 

09 0709 23.8 PF 1311620 5300 450 N I  34001290 ' N I  
10  0700 CC 1211725 N I  2912.5 ND 

10  0706 23.4 PF 1811320 440 37 P r e s e n t  630153 1 .0  0 .08  ,. 

11 0655 CC 1312118 N I  9.210.78 ND 

11 0700 24.2 PF 1812120 7.7 0.67 P r e s e n t  ND ND 
1 2  0700 CC 1711210 ND ND ND 

1 2  0705 24 .1  PF 2411410 2 .8  0.24 P r e s e n t  ND ND 
1 3  0702 CC 17/1110 ND N D .  ND 



APPENDLX E. AIR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  . . - -- . . 

GROSS BETA 
1311 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME 181W 187w 3 3 Other 
3 Azimuth Distance On On PERIOD MEDIUM of GAMMA (pCi/m ) (pCi sec/m ) 

SCAN . 
(pCi/m ) (pci.sec/m2) 

Off Off (hours) 
Currie Nevada(c0ntinued) 12-14 0710 24.4 PF 1911308 2.7 0.23 Present ND ND 

026' 224 mi 15 0722 CC 1712025 ND ND ND 

15 0725 23.8 PF 2411211 1.2 0.10 Present ND ND 
16 0700 CC 1711742 ND ND ND 

18 0703 23.8 PF 3111021 1.1 0.093 Present ND ND 
19 0650 CC 2311340 ND ND ND 

24 0727 26.1 PF 1-02/1245 0.6 0.059 Present ND ND 
25 0920 CC 2711402 ND ND ND 

Diablo Nevada 
035' 

P 
0 
w 

Present 28001240 
NI 860175 

NI 9818.5 
NI 9418.2 

NI 8.210.7 
NI 2512.1 

NI 3.510.37 
ND ND 

. -- -- - - - -- --- * & ** 
Results o0f sequential counting for evaluating minor components. 



APPENDIX E. AIR SAMPLING RESULTS(c0ntinued) 
I S O T O P I C  R E S U L T S  . - - -- - - ---- -_ _ -,- -- - - - - - . . 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 1 8 l W  187W 131; 

Azimuth D i s t ance  ON On PERIOD MEDIUM ofGAMMA 3 3 3 3 Other  (pCi/m ) (pCi.  sec/m ) 
Offi  . ,Off  (hours)  SCAN (pCi/m (pCi.sec/m ) 

Diab lo  Nevada(continued) 12-15 1115 22.4 PF 1711857 7.9 0 .63  P r e s e n t  ND ND 
0 3 5 ~  46 m i  16  0950 CC 1711850 N I  4.810.39 0.6 0.05 

ND 
P r e s e n t  

P r e s e n t  
P r e s e n t  

ND 
P r e s e n t  

P r e s e n t  
P r e s e n t  

P r e s e n t  
P r e s e n t  

P r e s e n t  
P r e s e n t  

P r e s e n t  
P r e s e n t  

P r e s e n t  
ND 

P r e s e n t  
ND 

ND 
P r e s e n t  

P r e s e n t  
ND 

P r e s e n t  
ND 

P r e s e n t  
ND 



APPENDIX E. AIR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 18lW 187w 1311 
Azimuth Distance On On PERIOD MEDIUM of GAMMA 3 3 3 3 0the.r 

SCAN (pCi/m ) (,,Ci.sec/m ) (pCiIm ) (pCi.sec/m ) Off Off (hours) 
Diablo Nevada (continued) 1-08 0645 23.1 PF 1-21/1515 2.0 0.17 Present ND ND 

035' 46 mi 09 0645 CC 1-22/0935 Present ND ND 

10 0645 72.0 PF 1-21/1530 0.9 0.2 Present ND ND 
13 0645 CC 1-22/0935 Present ND ND 

13 0645 23.8 PF 1-21/1515 2.7 0.23 Present ND ND 
14 0645 CC 1-22/0915 Present ND ND 

26 0930 21.7 PF 2-05/0820 2.8 0.22 Present ND ND 
27 0645 CC 2-05/1518 Present ND ND 

28 0645 24.0 PF 2-05/0820 1.9 0.17 Present ND ND 
29 0645 CC 2-05/1345 Present ND ND 

3-03 0630 24.0 PF 0.5 0.04 
04 0645 CC 3-2011330 Present ND ND 

C-l 
C-l 

19 0645 24.0 PF 0.2 0.02 
o 20 0645 CC 4-01/1000 Present ND ND 

Diablo , Nevada, 10 mi M 12-08 0945 11.5 PF '0911936 43,000 1800 NI 40,000/1600 NI 
(on Highway 25) 08 2113 CC 09/1717 NI 710129 ND 
030' 56 mi 

Duckwater, Nevada 12-07 0900 25.9 PF 
025' 117 ai 08 1000 CC 

08 1000 21.9 PF 
09 0800 CC 

09 0800 24.6 PF 
10 0800 CC 

.-- ---- ------ * 
Results of sequential counting for evaluating minor components. 



APPENDIX E. AIR SAMPLING RESULTS(continued) 
I-SOT-O_P-L-C_---EL-S_-!-L-T-S_ 

DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 
1311 

LOCATION 18lW 187" 
3 3 

3 3 Other 
Azimuth Distance On On PERIOD MEDIUM of GANMA (pCi/m ) CpCi seclm ) 

Off Off (hours) SCAN (pCi1m ) (pCi.sec/m 1 
Duckwater, Nevada(continued1 12-13 0800 26.6 PF 2611400 4.6 0.44 Present ND ND 

025' 117 mi 14 1000 CC 2011404 Present ND ND 

14 1000 26.9 PF 2611425 6.7 0.64 Present ND ND 
15 1200 CC 2011340 Present ND ND 

15 1200 26.0 PF 2711027 7.3 0.70 Present ND ND 
16 1400 CC No CC run 

1-07 1700 24.5 PF 1-14/1057 2.5 0.22 Present ND ND 
08 1700 CC No CC run 

11 1400 26.5 PF 1-23/1528 1.2 0.11 Present ND ND 
12 1630 CC No CC run 

13 1630 22.0 PF 1-21/1420 4.2 0.33 Present ND ND 
14 1430 CC No CC run 

r 
r Ely, Nevada 
r 035O 

Ely, Nevada-Antelope Summit 12-08 1030 22.4 PF 
(Highway 50) 09 0856 CC 
022 157 mi 

Elko, Wevada 12-08 1535. 23.2 PF 
O1oO 244 mi 09 1450 CC 

09 1450 26.1 PF 
10 1700 - CC 

NI 2000/170 
NI 1110.90 

Present 24001220 
Present ND 

Present 1000124 
NI 540145 

Present. ND 
Present ND 



APPENDIX E. AIR SAWLING RESULTS (cont inued)  
I S O T O P I C  R E S U L T S  .----------------------------- 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 181# 187w 1311 
Azlmuth D i s t a n c e  On On PERIOD MEDIUM of GAMMA 3 3 3 3 O t h e r  

SCAN (pCi/m ) (MCi . s ec /n  ) (pCi1m ) (pCi. s ec lm  ) Off Off (hours)  
E lko ,  Nevada ( con t i nued :~  12-12 1622 22.9 PF l9j1.540 6 . 1  0.51 P r e s e n t  ND ND 

O 1 o O  244 m i  1 3  1 5 2 1  CC 1711445 ND ND ND 

P r e s e n t  ND 
P r e s e n t  ND 

P r e s e n t  ND 
P r e s e n t  ND 

P r e s e n t  ND 
ND ND 

ND ND 
P r e s e n t  ND 

P r e s e n t  ND 
P r e s e n t  ND 

P r e s e n t  ND 
P r e s e n t  ND 

P r e s e n t  ND . 
No CC run  

N I  13,300/1100 
ND ND 

Eurekad Nevada 
012 

P r e s e n t  2111.8 
N I  1311.1  

12  0700 24.0 PF 1911515 7 . 1  0 .61  ITD ND ND 
1 3  0700 CC 17/1500 P r e s e n t  ND ND 

1 3  0700 24.0 PF 20/1110 1 6  1 .4  P r e s e n t  ND ND 
1 4  0700 CC 1711545 P r e s e n t  ND ND 

14 0700 24.0 PF 1911100 1 0  0.86 P re senc  2.010.17 ND 
1 5  0700 CC 1711035 P r e s e n t  ND ND 



APPENDIX E.. AIR SAMPLING RESULTS(c0ntinued) 
I S O T O P I C  R - E S U L T S  

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 1 8 l W  187w 1311 

Azimuth D i s t a n c e  On On PERIOD MEDIUM of  GAMMA 3 3 3 3 O t h e r  
(pCi/m ) (pCi.  s ec lm  ) 

Off Off ( hou r s )  SCAN (pCi/m ) (pCi.sec/m ) 

Eureka Nevada(c0nt inued)  12-15 0700 24.0 PF 2112156 5 .9  0 .51  ND ND ND 
0 1 2 ~  . 153  mi 1 6  0700 Cc 1711830 P r e s e n t  ND ND 

1 6  0700 24.0 PF 2310910 1 . 5  0.13 P re sen t '  ND ND 
1 7  0700 CG 1811830 ND ND ND 

1 8  0700 24.0 PF 2411433 2 .3  0.20 ND ND ND 
1 9  0700 CG 2311100 P r e s e n t  ND ND 

23 0700 24.0 PF 3011121 1 . 9  0.16 ' P r e s e n t  ND ND 
24 0700 CZ 2711900 P r e s e n t  ND ND 

24 0700 24.0 PF 3011240 7.4 0.64 P r e s e n t  ND ND 
25 0700 CC 2711330 ND ND ND 

25 0700 24.0 PF ' 3011105 6.0 0.52 P r e s e n t  ND ND 
26 0700 CG 2711237 P r e s e n t  ND ND 

I-' 
I-' 
W 

27 0700 24.0 PF 1-02/1333 1 . 4  0.12 P r e s e n t  ND ND 
28 0700 CC 3011737 P r e s e n t  ND ND 

1-11 0700 24.0 PF , 1-15/1403 7.9 0.68 P r e s e n t  ND ND 
12  0700 CC No CC run  

2-24 0700 24.0 PF 2-28/1012 3.1 ' 0.27 P r e s e n t  ND ND 
25 0700 CC No CC run  

F a l l i n i ' s  (Twin Sp r ings )  12-08 0830 13.5 PF 0911840 .2900 140 N I  4000/190 N I  
Ranch. Nevada 0 8  2130 CC 0911717 N I  280114 ND 



APPEhTIX E. AIR SAWLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  

1311 
LOCATION DATE TIME SAMPLING COLL. ' DATE-TIME GROSS BETA 1811! 187W 3 3 Other 

Azimuth 3istance On On PERIOD MEDIW ofGAMFlA 3 3 (pCi/m ) (pCi- seclm ) .SCAN (pCi/m ) (pCi.sec/m ) 
Off Off (hours) 

Fallinils(Twin Springs)(continued)12-10 0800 5.1 PF 11/0310 2100 38 NI 1700131 NI 
Ranch, Nevada 10 1325 CC 1110210 NI 22014.0 
019' 62 mi 10 13.45 23.3 PF 1811008 730 6 1 Present 600150 2.5 0.21 

11 1255 CC 1211623 NI 5814.8 ND 

11 1255 23.4 PF 1411840 21 1.8 NI 120/10.1 ND 
12 1200 CC 1411855 NI 2.010.17 0.7 0.006 

14 1200 20.8 PF 1911044 2 2 1.6 Present 6.010.45 ND 
15 0830 CC 1711820 Present ND m 
15 0830 26.8 PF 1911315 5.7 0.55 Present ND ND 
16 1120 CC 17/2000 Present ND ND 

16 1200 19.0 PF 2310850 1.7 0.12 Present ND ND 
17 0900 CC 1911520 ND ND ZID 

18 0908 24.1 PF 2711045 1.4 0.12 Present ND XI 
19 0908 CC 2711530 ND ND X I  

20 1009 22.8 PF 3111117 0.7 0.06 Present ND XI 
21 1008 CC 2611500 ND ND ND 

23 1108 24.3 PF 3011135 1.4 0.12 Present ND ND 
24 1203 CC 2711402 ND ND M) 

24 1203 21.0 PF 1-02/1040 2.2 0.16 Present ND YD 
25 0900 CC 3011715 ND ND YD 

25 0900 22.4 PF 1-02/1040 68 5.5 Present ND ND 
26 1004 CC 3011705 Present ND 3n 

1-04 0730 23.7 PF 1-08/1141 0.6 0.05 Present ND 3-D 
05 0740 CC - 1-14/1210 ND ND ND 

07 0745 23.5 PF 1-14/1040 2.8 0.23 Present ND ?TD 
08 0745 CC 1-16/1110 ND ND ?TD 

10 0800 23.8 PF 1-14/1448 1.6 0.14 Present ND m 
11 0800 CC 1-17/1155 ND ND MI 

11 0800 23.7 PF 1-15/1349 6.6 0.56 Present ND ND 
12 0800 CC 1-17/1130 ND ND Nl 

13 0800 23.6 PF 1-2011540 3.0 0.25 Present ND WJ 
14 0800 CC 1-20/1520 Present ND ?a) 



APPENDIX E. AIR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  

LOCATION DATE . TIME SAMPLING COLL. DATE-TIME GROSS BETA 18lW 187w 1311 

Azimuth 3 3 ,  , . . .  
3 3 Other Distance On On PERIOD MEDIUM ofGAMMA (pCi/m ) (;cia seclm ) 

Off Off (hours) SCAN (?Ci/m )(pCi.seclm ) 

Fallond Nevada 12-08 1611 16.2 PF 1111345 19 1.1 NI 8.910.52 ND 
321 189 mi 09 0827 CC No CC run 

09 0828 24.2 PF 1311706 1300 110 NI 840173 ND 
10 0843 CC No CC run 

10 0844 23.8 PF 1312153 18 1.5 NI 1211.0 ND 
11 0834 CC No CC run 

Fleur de Lis Ranch, Nevada 12-08 0942 23.8 PF 
211° 17 mi 09 0927 CC 

09 0935 23.8 PF 
10 0924 CC 

2-01 0941 22.6 PF 
02 0816 CC 

03 0853 23.-7 PF 
04 0839 CC 

Frenchman Station, Nevada 12-08 0747 23.3 ' PF 
325' 162 mi 09 0925 CC 

09 0929 21.0 PF 
10 0850 CC 

10 0855 22.5 PF 
11 0926 CC 

13 1013 20.0 PF 
14 0820 CC 

14 0823 23.3 PF 
15 1004 CC 

1311708 4 2 3.6 NI 3613.1 ND 
1111850 ND ND ND 

LT(0.2) 
2-07/1425 Present ND ND 

2-06/0825 LT(0.2) ND ND ND 
2-07/1546 Present. ND ND 

1311635 3 7 3.1 NI 2912.4 ND 
No CC run 

1311715 630 48 NI 380129 ND 
No CC run 

131-1758 14 1.1 NI 8.810.71 ND 
No CC run 

2011127 3.0 0.21 Present ND ND 
No CC run 

1911315 9.9 0.83 Present ND ND 
No CC run 

Geyser Maintenance Station 12-07 1533 28.4 PF 1311835 5500 560 NI 57001580 NI 
050' 138 mi 08 1730 CC 2611605 Present ND ND 

08 1933 20.7 PF 1010240 14,000 1000 NI 84001620 NI 
09 1530 CC 1010237 NI 10017.4 ND 

09 1530 20.7 PF 1110235 53 3.9 NI 5814.3 ND 
10 1435 CC 11/0215 NI 2411.8 ND 



APPENDLX E. AIR SAMPLING RESULTS (cont inued)  
I S O T O P I C  R E S U L T S  .-------------------------- 

DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 
1311 

LOCATION 18 lW 187w 
3 

3 Other 
Azimuth Dis tance On On PERIOD MEDIUM of GAMMA (pci/m3) ( ,~i .sec/m ) 

~ ~ ~ i l m ~ )  ( ) ; ~ i - s e c l m  ) 
O f f '  'Off (hours) SCAN 

Geyser Maintenance S t a t i o n ,  12-10 1435 24.0 PF 1111945 120 10 N I  4814.1 ND 
Nevada (cont inued)  11 1245 CC 1111945 N I  8.610.74 ND 
050' 138 mi 11 1245 23.6 PF 1311817 19 1 .6  N I  7.210.61 ND 

12 1137 CC 1312035 N I  2312.0 ND 

12 1140 23.7 PF 1311817 11 0.94 N I  4.910.42 ND 
1 3  1050 CC 1312021 ND ND ND 

1 3  1050 29.8 PF 2112147 5.2 0.55 Presen t  ND ND 
14 1630 CC 1712013 Presen t  ND . . ND 

14 1633 24.0 PI? 21/2115 4.4 0.38 Presen t  ND ND 
15  1545 CC 1711835 Presen t  ND ND 

15 1547 23.8 PF 2411325 2.3 0.20 Presen t  ND ND 
16  1530 CC 1811625 ND .ND ND 

1 8  1533 24.0 PF 2711123 2.7 0.24 P r e s e n t  ND ND 
19 1500 CC 2311402 ND ND ND 

1 9  i503 24.7 PF 3010948 0.8  0.07 P r e s e n t  ND ND 
20 1515 CC 2610930 ND N D .  ND 

21 1547 25.0 PF 1-02/1405 1.4 0.12 Presen t  ND ND 
22 1553 CC 2611435 ND ND ND 

24 1532 25.4 PF 1-02/1110 1 . 5  0.13 Presen t  ND I?D 
25 1615 CC 2711347 ND ND ND 

25 1618 24.2 PF 1-07/1200 1.1 0.095 ND ND ND 
26. 1610 CC 3011825 M) ND Present  

Geyser Maintenance S t a t i o n ,  12-08 1150 9.7 PF 0911923 37,000 1300 N I  56,000/1200 N I  
Nevada, Kavanaugh Ranch 08 2130 CC 0911558 N I  18016.3 ND 
052' 133 m i  



APPENDIX E. AIR SNLING RESULTS (continued) 
I S O T O ~ P I C  R E S U L T S  .------------------------------- 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 18 lW 187w 3 1311 
3 

3 Other 
Azimuth Dis tance On On PERIOD MEDIUM of GAMMA (pCilm ) (pCi.sec1m3) (pCi/m ) (pCi.sec/m ) 

Off ' Off (hours) SCAN 
Coldf i e l d ;  Nevada 12-08 0800 24.0 PF 1111407 22 1 .9  N I  1311.1 ND 

305' 44 m i  09 0800 CC 1011830 ND ND ND 

1 3  0800 24.0 PF 1911602 2;5 0 .21 Present  ND ND 
14 0800 CC 1711545 ND ND ND 

Hiko, Nevada 
077' 

140 12 N I  
ND 

6 1 5.3  N I  
N I  

19 1 .6  P resen t  
P resen t  

0.6 0.05 
Present  

1 . 3  0.11 Present  
ND 

1 . 0  0.086 p resen t  
ND 

1 . 0  0.086 Present  
ND 

Hiko, Nevada, 44 m i .  W. 12-08 0950 1 . 0  PF 0911948 280,000 1000 N I  1,100,000/4000 ND 
of Highway 25 08 1050 CC No CC run 
056' 48 m i  

Indian Spr ings ,  Nevada 12-11 0900 24.0 PF 2311150 480 4 1 Presen t  16001140 1 .5  
137' 73 m i  12 0900 CC 1811935 Present  120110 0.6 

12 0900 24.0 PF 2311155 11 0.94 Presen t  ND ND 
1 3  0900 CC 1911000 ND ND ND 

1 3  0900 24.0 PF 1911602 3.8 0.33 Presen t  ND . ND 
14 0900 CC 2810920 ND ND ND 



APPENDIX E. AZR SAMPLING RFSULTS ( con t inued )  
I S O T O P I C  R E S U L T S  .------------------------------ 

LOCATION DATE TIME SAMPLING COLL . DATE-TIME GROSS BETA 
1311 

181W 187w 
Azimuth D i s t a n c e  On On PERIOD VEDIUM of  CAMMA (Dcilm 3 ) (pCi.seclm 3 ) 3 

(pCi/m ) ( p ~ i - s e c / m 3 )  Other  
Off Off (hours)  SCAN 

I n d i a n  S p r i n g s ,  Nevada(c0nt inued)  12-14 0900 24.0 PF 2311150 2.5 0 .21  P r e s e n t  ND ND 
137O 73 m i  1 5  0900 CC 2810850 P r e s e n t  ND ND 

Las  Vegas, Nevada 
, 1 3 7  

0.17 P r e s e n t  
ND 

0.20 P r e s e n t  
ND 

0.25 P r e s e n t  
P r e s e n t  

0.13 P r e s e n t  
ND 

0.33 P r e s e n t  
ND 

P r e s e n t  
ND 

9 5 7.9 N I  
ND 

1 . 0  0.26 P r e s e n t  
ND 

2.0 0.18 P r e s e n t  
ND 

LT(O.l) P r e s e n t  
ND 

1 .7  0.14 P r e s e n t  
tin 

12-16 1115 19 .9  PP 2310945 1 .4  0.10 P r z s e n t  ND ND 
169 49 m i  17  0700 CC 1811923 ND ND ND 

1 7  0700 23.9 PF 2710905 1 .4  0.12 P r e s e n t  ND ND 
1 8  0700 CC 2810840 ND ND ND 



APPENDIX E. AUI SAMPLING RESULTS ( con t inued )  
I S O T O P I C  R E S U L T S  .------------------------------ - - -  

GROSS RETA 
1311 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME 1 8 l W  157w 
Azimuth D i s t ance  On On PERIOD NEDIUM ofGAMMA 3 3 

3 3 Other  (pCi/m ) (pCi.sec/m ) 
Off Off (hours)  SCAN (pCilm ) (pCi sec lm ) 

La th ro  Wel ls ,  Nevada(c0nt inued)  12-19 0700 24.5 g PF 3010930 1.1 0.097 P r e s e n t  ND ND 
169 49 m i  20 0730 CC 2810935 ND ND ND 

20 0730 23.5 PF 2710815 2.0 0.17 P r e s e n t  ND ND 
21 0700 CC 2811005 ND ND ND 

1-07 0730 47.5 PF 1-14/1133 3.6 0 .61  P r e s e n t  ND ND 
09 0700 CC 1-16/1110 ND ND ND 

L ida ,  Nevada 
278' 

12-08 0700 53.5 PF 1311525 2.9 0.56 N I  5.010.96 ND 
52 m i  1 0  1230 CC No CC run  

Lockesd Nevada 12-08 1530 5 .9  PF 0911850 25,000 5 30 N I  30,000/640 N I  
026 97 m i  08 2125 CC 0911532 N I  1100/23 N I  

Lockes,  Nevada-Black Rock 12-08 

I-' 
Summit 08 

P 
w 023' 92 m i  

Lovelock,  Nevada 12-09 
332' 222 m i  10  

10  
11 

Lund , Nevada 
039' 

N I  1100195 
No CC run  

N I  1911.6 
No CC run  

P r e s e n t  370133 
N I 1811.6 



APPENDIX E., AIR SNPLINC, RESULTS (cont inued)  
1 . 5 O T O P I C  R E S U L T S  . - - - - - - - - - - - - - - - - - - - - .- - - - - - 

19, 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME CROSS BETA 1 8 l W  187# 
3 Azimuth D i s t a n c e  On On PERIOD MEDIUY c,f CMIMA 3 3 3 O the r  

SCAN (pCi1m ) (pCi.  sec/m 1 (pCi1m ) (uCi.sec/m ) Off Off (hours)  
Lund, Nevada ( con t i nued )  12-12 0750 24.2 PF 1 . 2  0.10 

0 3 9 ~  1 3 5  m i  1 3  0800 CC 1711545 P r e s e n t  ND ND 

1 3  0800 23.9 PF 2011127 2 .3  0.20 P r e s e n t  ND ND 
1 4  0750 CC 1711047 ND ND ND 

14 0750 24.6 PF 2112151 9.2 0 .81  P r e s e n t  ND ND 
1 5  0827 CC 1;3/1632 ND ND ND 

1 . 4  0.12 P r e s e n t  
ND 

1 . 2  0 .10  P r e s e n t  
ND 

1 . 0  0 .081 P r e s e n t  
ND 

3.6 0 . 3 1  ND 
P r e s e n t  

Mesqu i t e ,  Nevada 12-11 0700 24.0 PF 2311233 39 3 .3  P r e s e n t  ND 0 . 1  
105' 1 4 3  mi 1 2  0800 CC No CC run  

Nyala ,  Nevada 
036' 

72.3 N I  26,000/1200 
N I  670132 

26 N I  820131 
N I  340112 

360 N I  18001160 
N I  330128 

5 5 P r e s e n t  600148 
N I  9417.4 

0.84 P r e s e n t  ND 
ND ND 

0 .11  P r e s e n t  ND 
ND ND 

0.11 P r e s e n t  ND 
ND ND 



APPENDIX E. AIR $&IFLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  . -V----.--.--.--.v 

' LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 18lW 187# 
131; 

Azimuth Distance On On PERIOD MEDIUM ofGamma 3 3 
3 3 Other 

(pCi/m ) (pCi. sec/m ) 
(pCi/m ) (pCi. sec/m 1 

Off Off (hours) Scan 
Nyala, Nevada (continued) 12-19 0800 17.2 PF 30/0952 3.1 0.19 Present ND ND 

036' 77 mi 20 0800 CC 2711530 ND ND ND 

20 0800 24.0 PF 1-04/1415 0.5 0.04 ND ND ND 
21 0800 CC 2711720 Present ND' ND 

21 0800 24.0 PF 1-03/1445 0.4 0.04 ND . N D  ND 
22 0800 CC 2711434 Present ND ND 

25 0800 24.0 PF 1-02/1058 2.0 0.18 Present ND ND 
26 0800 CC 3011535 ND ND ND 

-26 0800 22.3 PF 1-03/1417 1.7 0.13 ND ND ND 
27 0800 CC 3011445 Present ND N! 

31 0800 24.0 FF 0.5 0.05 
1-01 0800 CC 1-06/0916 Present ND ND 

01 0800 24.0 PF 0.3 0.02 
02 0800 CC 1-08/1140 Present , ND ND 

13 0800 24.0 PF 1-20/1540 3.7 0.32 Present ND ND 
14 0800 CC 1-21/1043 ND ND ND 

25 0800 24.0 PF 1-28/0820 2.6 ND ND 0.22 Present 
26 0800 CC 1-30/1005 Present ND ND 

2-12 0800 24.0 PF 0.9 0.08 
13 0800 CC 2-18/1324 Present ND bb 

Pahrumg, Nevada 1-08 0950 24.0 PF 1-14/1150 2.6 0.23 Present ND ND 
158 85 mi 09 1000 CC No CC run 

Pioche Nevada 
Z 

12-11 0700 24.0 PF 1812157 6.7 0.58 Present ND 
0716 123 mi 12 0700 CC 13/2200 ND ND ND 

Queen City Summit, Nevada 12-08 0938 7.6 PF 1610925 200,000 . 5500 . 15,000/410 300,000/8200 250 6.8 140Ba=70* 
(highway 25) 08 1713 CC 09/1910 , NI 41,000/1100 NI 
048 47 mi 

Reno, Nevada PF 
311° 233 mi CC 

.------------ * 
Results of sequential counting for evaluating minor components. 

No positive samples collected 



APPEmLX E. AIR SAMPLING RESULTS ( con t inued )  
I S O T O P I C  R E S U L T S  .------------------------------ 

1311 
LOCATION CATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 1;3lw 187W 

3 3 
3 3 O the r  

Azimuth D i s t a n c e  On On PERIOD MEDIUM of  Gamma (pCi/m ) ( p ~ i .  sec/m ) 
Off ' Off ' (hours)  Scan 

(pCi/m ) (uCi.sec/m ) 

Round Mountain, Nevada 12-07 1145 24.0 PF 1010203 2 0 1.7 N I  5 .1 /0 .$4  ND 
344O 98 m i  08 1144 CC 1010258 N I  5.610.48 ND 

08 1145 23.9 PF 1010214 15,000 1300 N I  99001850 N I  
09 1140 CC 10/0210 N I  150113 ' ND * * 
09 1141 24.1 PF 11/0300 1900 160 N I  1200/100 N I  
1 0  1147 CC 11/0230 N I  5314.6 ND 

10  1148 23.8 PF 1811115 330 2 8 P r e s e n t  220119 0 .8  0.07 
11 1134 CC 1312250 N I  1 .2 /0 .10  ND 

12 1141 29.5 PF 1911515 3.1 0.33 ND ND ND 
1 3  1710 CC 1711430 P r e s e n t  ND ND 

1 3  1711 18.5 PF 20/1110 3 9 2.6 P r e s e n t  ND ND 
14 1143 CC . 1711445 P r e s e n t  ND ND. 

14  1144 24.5 PF 1911308 11 0.97 P r e s e n t  ND ND 
1 5  1225 CC 1711900 P r e s e n t  ND ND 

1 5  1226 24.3 PF 1911345 7.0 0.61 P r e s e n t  ND ND 
16 1240 CC 1711820 P r e s e n t  ND ND 

22 1211 23.6 PF 1-02/1355 0.6 0.05 P r e s e n t  ND ND 
23 1146 CC 2611435 ND ' ND ND 

24 1200 23.5 PF 3011237 3.4 0.24 P r e s e n t  ND ND 
25 1131  CC 2711700 ND ND ND 

1-12 1245 23.0 PF 1-17/1545 1.1 0.09 P r e s e n t  ND ND 
1 3  1147 CC No CC r u n  

1 3  1148 23.7 PF 1-21/1200 . 1 . 5  0 .13  P r e s e n t  ND ND 
14  1132 CC No CC run  

S c o t t y ' s  J u n c t i o n ,  Nevada 12-08 1630 24.0 PF 1311708 490 4 2 N I  320128 ND 
259' 26 m i  09 1630 CC 1111607 ND ND ND 

# . 1 1 1  - 
** 1331=44; 1351,21; 91sr=13. 



APPFJQIX E. ALR SAMPLING RESULTS(continued) 
I S O T O P I C  R E S U L T S  .-------------------------- 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 18lW 187w 1311 

Azimuth Distance On On PERIOD MEDIUM of Gamma 3 3 3 
Scan (pCilm ) (pCi-seclm (pcilm ) (p~i-sec/m3) Other Off Off (hours) 

Scotty's Junction, Nev.(continued)l2-09 1630 23.9 PF 1311630 4 1 3.5 NI 2612.2 ND 
259' 26 mi 10 1630 CC 1211740 ND ND ND 

12 1630 23.9 PF 1911540 
13 1630 CC 1711118 

Sunnyside, Nevada 12-07 1630 23.5 PF 0912318 
048' 113 mi 08 1610 CC 0912325 

08 1610 5.1 PF 0911710 
08 2130 CC 09/1550 

08 2130 18.5 PF 0912310 
09 1600 CC 0912314 

09 1600 20.6 PF 1012225 
10 1310 CC 10/2200 

10 1320 26.1 PF 1212230 
11 1600 CC 1212318 

11 1600 23.4 PF 2710950 
12 1600 CC 2311530 

12 1600 48.6 PF 2711008 
14 1645 CC 2311503 

15 1730 22.9 PF 2711027 
16 1620 CC 2311510 

18 1600 24.5 PF 2711105 
19 1700 CC 2311530 

20 1630 23.0 PF 1-07/1138 
21 1700 CC 3011455 

1-12 1700 22.4 PF 1-21/1420 
13 1600 CC 1-21/1020 

.------------ 
*Results of sequential counting for evaluating minor components. 

Present ND 
ND ND 

Present ND 
ND ND 

Present ND 
Present ND 

Present ND 
ND ND 

Present ND 
Present ND 

ND ND 
Present ND 

Present ND 
Present ND 



A P P m U  E, AIR SAMPLING RESULTS (cont inued)  
I S O T O P I C  R E S U L T S  --- --- -,--- - ----- -- --- --- - - - . . 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 
1311 181  W 187W 

3 3 
3 3 Other  

Azimuth . D i s t a n c e  On On PERIOD MEDIiVM ofGamma (pCi/m ) (UCi-seclm ) 
Off Off (hours)  Scan (pCi/m ) ()lCi.sec/m ) 

Sunnyside ,  Nevada ( con t inued )  1-14 1645 24.3 PF 2711008 3 .3  0 .29  Preser:t ND ND 
048' 113  m i  1 5  1730 CC 2311448 ND ND ND 

1 8  i645  47.2 PF 0 .2  0.032 
20 1615 CC 1-29/0852 P r e s e n t  ND ND 

Tonopah, Nevada 12-08 1430 21.2 PF 1010214 28,000 2100 N I  21,000/1600 N I  
324' 6 1  m i  09 1145 CC 1010237 N I  47001360 N I  

09 1145 23.1 PF 1110305 700 5 8 N I  460138 ND 
1 0  1055 CC 1110215 N I  200116 ND 

1 0  1055 28.0 PF 1811030 2 7 2.7 P r e s e n t  ND ND 
11 1505 CC 1312227 N I  7.610.77 ND 

11 1505 24.5 PF 1812157 5 .3  0.46 P r e s e n t  ND ND 
1 2  1530 CC 1711632 P r e s e n t  ND ND 

12 1530 24.0 PF 1911449 5.4 0.47 ND ND ND 
1 3  1530 CC 1711616 P r e s e n t  ND ND 

1 3  1530 23.0 PF 2011155 14  1.1 P r e s e n t  _ ND ND 
14 1430 CC 1711616 P r e s e n t  ND ND 

14  1430 24.0 PF 1911044 6.7 0 .58  P r e s e n t  ND ND 
1 5  1430 CC 1711047 P r e s e n t  ND ND 

1 5  1430 22.5 PF 1911345 1 . 5  0.12 P r e s e n t  ND . N D  
16  1300 CC 1711945 P r e s e n t  ND ND 

1 7  1300 25.0 PF 3011135 0 .6  0.06 P r e s e n t  ND ND 
1 8  1400 CC 2311120 ND ND ND 

1 8  1400 24.0 PF 3011217 1 . 5  0 .13  P r e s e n t  ND ND 
1 9  1400 CC 2711555 ND ND ND 

25 1600 22.9 PF 0 . 3  0.02 
26 1500 CC 2711306 P r e s e n t  ND ND 

1-11 1530 24.0 PF 1-14/1425 4.2 0.37 P r e s e n t  ND ND 
1 2  1530 CC 1-17/1118 P r e s e n t  ND ND 

1 3  1500 24.0 PF 5.2 0.45 ND ND ND 
14  1500 CC 1-2011524 P r e s e n t  ND ND 



'APPENDIX E. AIR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  .-.------.------ --------------.- . ". 

LJ!. 
LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 18lW 187w 3 ' 

I 
3 

3 Other 
Azimuth Distance On On PERIOD MEDIUM of Gamma 3 (pCi/m ) (uCi.sec/m ) 

(pCi1m ) (uCi-seclm ) 
Off Off (hours) Scan 

Tonopah. Nevada (continued) 1-18 1530 24.0 PF 1-22/0930 2.2 0.19 Present ND ND 
324'. 61 mi 19 1530 CC 1-22/0915 Present ND ND 

25 1600 19.6 PF 0.3 0.02 
26 1600 CC 1-29/1005 Present ND ND 

28 1530 23.5 ' PF 0.3 0.03 
29 1500 CC 2-03/1555 Present ND ND 

31,000 1600 1300168 40,000/2100 
13016.8 4000/210 

43,000 1800 NI 32,000/1300 
NI 37001150 

41,000 550 NI 41,0001530 
NI 130117 

6300 520 NI 5000/410 
NI 1100190 . 

22,000 93 NI 20,000186 
NI 8000134 

560 4 6 Present 510142 
NI 340128 

2 1 1.8 NI 1110.93 
NI 4413.7, 

9.1 0.72 Present ND 
NI 1411.1 

7 2 5.7 Present ND 
Present ND 

14 0800 28.0 PF 2411450 3.3 0.33 ND ND 
15 1200 CC 2311115 Present ND 

. - - - - - - - - - - - - * Results of sequential counting for evaluating minor components. 1351,110; 140Ba,16. 

** Results of sequential counting for evaluating minor components. 135~=11~; 91~r=1~; 140~a=4. 2. 



APPENDLX E. AIR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  .---------------------- 

LOCATION DATE TIME SPMLING COLL. DATE-TIME GROSS EETA 1 8 l W  187w 1311 

Azimuth Dis tance On On PERIOD MEDIUM ofGamma 3 3 3 3 Other (pCi/m ) (uCi.sec/m ) 
Off Off (hours) Scan (pCi/m ) (pCi.sec/m ) 

Warm S r i n  s ,  Nev. (cont inued)  12-16 1100 97.0 8 PF 2710930 Presen t  ND ND 
011 60 m i  21 1200 CC 26/1350 ND ND ND 

21 1200 19.0 PF 27/1440 3.0 0 .21 Presen t  ND ND 
22 0700 CC 2611317 Presen t  ND ND 

22 1200 20.3 PF 1-20/0832 1.8 0.13 Presen t  ND ND 
23 0830 CC 1-08/1112 Presen t  ND ND 

23 0830 25.5 PF 1-02/1318 27 2.4 P resen t  ND ND 
24 1000 CC 3011740 Presen t  ND ND 

27 1000 74.0 PF 1-09/1110 0.5 0 .1  ND ND ND 
30 1130 CC 1-03/0915 Presen t  ND ND 

1-01 1030 23.6 PF 1-10/1550 0.6 0.05 ND ND ND 
02 1000 CC 1-06/1040 Presen t  ND ND 

02 1000 22.0 PF 1-10/1307 1 . 3  0.10 Presen t  ND ND 
03 0800 CC 1-08/1056 Presen t  ND ND 

03 0800 27.5 PF 1-10/1250 0.8 0.08 ND ND ND 
04 1130 CC 1-08/1045 Present  ND ND 

04 1130 23.9 PF 1-08/1150 6.1 0.52 ND ND ND 
05 1100 CC 1-09/1124 Present  ND ND 

05 1100 22.2 PF 1-08/1107 1.4 0.11 Present  ND ND 
06 0930 CC 1-09/1220 Presen t  ND ND 

06 0930 23.7 PF 1-09/9950 1 . 3  0.11 ND ND ND 
07 0900 CC 1-14/1130 Present  ND ND 

07 0900 25.0 PF 1-13/1350 2.7 0.24 Presen t  ND ND 
08 1000 CC 1-15/1145 Present  ND ND 

08 1000 24.0 PF 1-15/0820 1 .5  0.13 ND ND ND 
09 1000 CC 1-15/1115 Presen t  ND ND 

09 1000 '69.0 PF 1-15/1349 3.5 0.86 Presen t  ND ND 
12 1000 CC 1-17/1136 Present  ND ND 

12 1000 24.7 PF 1-15/1148 1.9 0.17 Presen t  ND ND 
1 3  1045 CC 1-17/1130 Present-  ND ND 



APPENDIX B .  A I R  SAMPLING RESULTS (cont inued)  
L S 9 L 9 S  f -$ -.-- EH-L!-L-Z-? 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 1 8 l W  187w 
1311 

Azimuth D i s t ance  On On PERIOD YEDIUM of Gamma 3 3 
3 3 Other  

.Scan (pc i lm ) (pCi-sec /m 
(pCi1m ) ( ' y ~ i - s e c l m  ) 

Off Off (hours)  
Warm Spr ings ,  Nevada(continued1 1-13 1045 23.2 PF 1-16/1245 16 1 . 3  P r e s e n t  ND ND 

Warm Spr ings ,  Nevada 12-08 
Be l l ehe l en  Mines 08 

008' 52 m i  

Warm S ri? s Ranch, Nevada 8 . g  
12-10 

113 111 m i  11 

1.4 0.12 P r e s e n t  
P r e s e n t  

0 . 3  0.05 
P r e s e n t  

2.5 0.43 P r e s e n t  
ND 

.O. 3  0.05 
P r e s e n t  

0.7 0.06 
P r e s e n t  

0.7 0 .2  P r e s e n t  
P r e s e n t  

P r e s e n t  ND ND 
P r e s e n t  ND ND 

4 .3  0.37 P r e s e n t  ND ND 
ND ND ND 

84 6 .9  P r e s e n t  ND ND 
ND ND ND 

3 .0  0.26 P r e s e n t  ND ND 
ND ND ND 

Wells, Nevada 12-08 1703 23.9 PF 1311550 6900 590 N I  55001470 N I  
018' 274 m i  09 1700 CC 1211824 N I  6115.3 ND 

09 1703 23.9 PF 1911535 660 56 P r e s e n t  600152 1 .2  0.10 
1 0  1700 CC 1312305 N I  630154 1.4 0 .11  

10  1703 24.0 PF 1811325 480 4 1 P r e s e n t  330138 1 . 6  0.14 
11 1704 CC 1312212 N I  5614.8 ND 



APPENDW E. AIR SAMPLING RCSULTS (continued) 
I S O T O P I C  R E S U L T S  .---.------------------- ----- 

LOCATION DATE TPIE SAMPLING COLL. DATE-TIME GROSS BETA 18lW 187w 1311 
Azimuth Distance On On PERIOD MEDIUM of Gamma 3 3 3 3 Other 

Scan (pCiIm ) (l.lCi.sec/a :I (~Cilm ) (pCi.sec/m ) 
Off Off (hours) 

Wells, Nevada (continued) 12-12 1721 23.9 PF 2411155 0.5 0.05 ND ND ND 
018' 274 mi 13 1717 CC 1710920 Present ND ND 

Winnemucca, Nevada 12-09 0545 
346' 257 mi 10 0610 

Albuquerque, New Mexico 
106' 574 mi 

Present ND 
ND ND 

Present ND 
Present ND 

Present ND 
Present ND 

Present ND 
ND m 
Present ND 
ND ND 

Present ND 
No CC run 

Present ND 
No CC run 

Present 240121 
Present 7.510.65 

PF No positive samples col1ecte.d. 

Carlsbad, New Mexico 12-12 0800 24.0 PF 2311308 5.0 0.44 Present ND ND 
. 116' 776 mi 13 0800 CC No CC run 

Muskogee, Oklahoma 
095' 1179 mi 

No positive samplzs collected. 

Burns, Oregon 12-09 0830 24.0 PF 1311642 36 3 11 ND 3412.9 ND 
343O 450 nii 10 0828 CC NO cc A n  



APPENDU E. AIR SAMPLING RESULTS (continued),  
I S O T O P I C  R E S U L T S  
.----.-l-.--.---c------.--,----,---- . . 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 1 8 l w  187w 
. 1311 

Azimuth D i s t a n c e  , O n  On PERIOD MEDIUM of  Gamna 3 3 
3 3 Other  

SCan (pCi/m ) (pCi .sec /m ) (pCi/m ) (,,Ci.sec/rn ) 
Off Off (hours)  

Burns,  Oregon 12-10 0829 24.0 PF 1811148 6.2 0 .53  P r e s e n t  ND ND 
343O 450 m i  11 0828 CC No CC run  - 

Medford, Oregon 
316O 481 m i  

No p o s i t i v e  samples c o l l e c t e d .  

Aberdeen, South Dakota 12-11 1143 24.2 PF 2311155 4.6 0.40 P r e s e n t  ND ND 
059' 1086 m i  1 2  1157 CC 1910945 ND ND ND 

Rapid C i t y ,  South  Dakota 12-09 1801 24.0 
056' 838 m i  10  1800 

30 2.6 P r e s e n t  ND ND 
. ND ND ND 

Ab i l ene ,  Texas 
l l o O  1011 mi 

No p o s i t i v e  samples c o l l e c t e d .  

Amar i l l o ,  Texas 12-10 0745 24.1 
loo0 833 mi 11 0750 

8 . 3  0.72 P r e s e n t  ND ND 
No CC run 

Austin* Texas 
114 1181 m i  

No p o s i t i v e  samples c o l l e c t e d .  

F o r t  Worth, Texas 
106' 1133 mi 

No p o s i t i v e  samples c o i l e c t e d .  

Bryce Canyon N a t ' l  Pa rk ,  Utah 
085' 242 mi 

No p o s i t i v e  samples c o l l e c t e d .  

No p o s i t i v e  samples c o l l e c t e d .  Cedar C i t y ,  Utah 
083' 193 m i  

D e l t a ,  Utah 12-08 1305 18 .7  

27 2.3 P r e s e n t  2412.'1 ' ND 
P r e s e n t  ND ND 



APPENDIX E. AIR SAMPLING RESULTS ( c ~ n t i n u e d )  
I S O T O P I C  R E S U L T S  

LOCATION DATE TIME SAMPLING COLL. DATE-TIME CROSS BETA 181 187W 1311 

Azimuth D i s t ance  On On PERIOD MEDIUM ofcamma 3 3 CI 3 3 Other  (pCi/m ) (pCi-sec /m ) 
Off Off (hours)  Scan (pCi/m (uCi . s ec /n  

D e l t a ,  Utah(Hwy J c t .  99 ,6 ,50 )  12-08 1845 1.1 PF 10/1952 3700 15  ND 6000/24 N I 
057' 256 m i  08 1951 CC No CC run  

Dugway Utah 
046' 

3.9 0.31 P r e s e n t  ND 
N I  1000/79 

77 6.4 P r e s e n t  ND 
P r e s e n t  ND 

28 2.4 N I  16 /1 .4  
P r e s e n t  ND 

E n t e r p r i s e ,  Utah 
085' 157 m i  

No p o s i t i v e  samples c o l l e c t e d .  

G a r r i s o n ,  Utah 12-08 
052' 176 m i  09 

W 
o 09 

10  

10  
10  

70 4.8 P r e s e n t  ND 
ND ND 

1 3  1.1 P r e s e n t  MD 
P r e s e n t  ND 

1 . 0  0.083 P r e s e n t  ND 

2.4 0 .21  P r e s e n t  ND 
No CC run  

Logan, Utah 
040' 

12-09 0815 24.3 PF 1311652 7 1 6.2 N I  5 2 / 4 3  ND 
394 m i  1 0  0830 cc l l i 1 7 0 0  ND ND ND 

1 0  0830 23.7 PF 18/1305 6 3 5.4 P r e s e n t  ND ND 
11 0815 CC 13/2118 ND ND ND 



APPENDIX E.. ALR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  .-- .----rr--c. ----- ------ - --  

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 181" 187" 
131T 

Distance On On PERIOD MEDIUM of Gamma 3 3 3 3 Other 
Azimuth (pCi1m ) (uCi. seclm ) 

(pCi1m ) (pCi.sec/m ) 
Off Off (hours) Scan 

Lo~an.-Utah (continued) 12-11 0815 24.0 PF 2411130 3.8 0.33 Presen t  ND ND 

Milford,  Utah 12-11 1200 ' 24.0 PF 2411052 2.5 0.21 Present  ND ND 
069' 207 m i  12 1200 CC 1711013 ND ND ND 

Mont,icello,  Utah 
085' 397 m i  

Parowan, Utah 
081' 207 m i  

Provo, Utah 
05 3' 

No p o s i t i v e  samples c o l l e c t e d .  

No p o s i t i v e  samples c o l l e c t e d .  

10  0900 24.0 PF 1811305 37 3.2 P resen t  ND ND 
11 0902 CC 1312240 ND ND ND 

Roosevel t ,  Utah 12-09 0740 23.4 PF 1311830 180 15 N I  130111 ND 
060' 408 m i  10  0715 CC 1211736 ND ND ND 

10 0715 24.1 PF 1811245 30 2.6 Present  ND ND 
11 0725 CC 1312250 ND ND ND 

S a l t  Lake Ci ty ,  Utah 12-09 0855 23.6 PF 1311700 380 3 2 N I  270123 ND 
047' 345 m i  10 0830 CC 11/1720 N I 4.510.38 ND 

10 0830 24.5 PF 1811325 2 9 2.6 P resen t  ND ND 
1'1 0900 CC 1312043 ND ND ND 

S t .  George, Utah 12-11 0545 22.9 PF 
096' 166 m i  12 0450 CC 1312154 

12 0455 24.4 PF 
1 3  0520 CC 1711647 

No PF run 
N I  1110.91 0.5 0.04 

No PF run 
Presen t  ND ND 



APPENDIX E. AIR SAMPLING RESULTS (continued) 
I S O T O P I C  R E S U L T S  . ---------.- ---.--------- - - --- 

LOCATION DATE TIME SAMPLING COLL. DATE-TME GROSS BETA 18lw 187w 
131 

3 Other 
Azimuth Distance On On PERIOD MEDIUM of Gamma 3 3 (pci/m3) (pEi-seclm ) 

Off Off (hours) 'Scan ' ' 

(pCi/m ) (pCi. sec/m ) 

Wendover, Utah 12-08 0800 24.0 PF 1311758 0.8 0.06 
030' 269 mi 09 0800 

08 0800 9.5 CC 1111621 NI 29f0.99 ND * 
08 1730 

PF 
08 1730 14.5 CC 11/1545 ND ND ND 
09 0800 

09 0800 24.0 PF 1810912 580 50 Present 660157 1.2 0.10 
10 0800 CC 1211723 NI 1.610.14 ND 

10 0800 24.0. PF 1911435 270 24 Present 220119 0.5 0.04 
11 0800 CC 1312130 ND ND ND 

Seattle, Washington 
338' 

Spokane, Washington 
' 356' 

Casperd Wyoming 
055 ' 

11 0800 24.0 PF 1911025 4.9 0.42 Present ND ND 
12 0800 CC 1711045 Presenr ND ND 

1-11 0800 24.0 PF 1-2010850 1.2 0.11 Present ND ND 
12 0800 CC No CC run 

No positive samples collected. 

12-10 0800 12.0 PF 1911525 280 12 Present ND ND 
713 mi 10 2000 CC No CC run 

12-09 1830 24.0 PF 1810928 190 16 Present 200117 0.6 0.05 
661 mi 10 1830 CC 1312250 bm ND ND 

10 1832 24.0 . P F  1911448 13 1.1 Present ND ND 
11 1830 CC 17/0850 ~m ND ND 

12 1842 24.2 PF 1911548 3.2 0.28 Present ND ND 
13 1850 CC 1710855 ~m ND ND 

.------------ * Contaminated cartridge. 



APPENDLX E.. AIR SAMPLING RESULTS (concluded)  
I S O T O P I C  R E S U L T S  .--------------------------- 

LOCATION DATE TIME SAMPLING COLL. DATE-TIME GROSS BETA 1 8 l w  187W 
1311 

Azimuth D i s t a n c e  On On PERIOD MEDIUM ofGamma 3 3 
3 3 O the r  

(pCiIm ) ( pC i - s ec lm  ) 
O f f '  Off (hours)  Scin (pCiIm. ) (pCi sec/m . ) 

Rock S r i n  s, Wyoming 8 12-10 0700 24.0 PF 1811231 ? 9 6 . 8  P r e s e n t  9117.9 0.2 0.02 
053 489 m i  11 0700 CC 1312125 ND ND ND 

11 0700 23.9 PF 2411416 1 . 7  0.14 ND ND ND 
12 0700 CC 1312038 P r e s e n t  2.410.21 ND 

Worland, Wyoming 12-10 0740 24.0 PF 1811231 94 8 .1  P r e s e n t  ND ND 
044' 643  mi 11 0740 CC 1312228 ND ND ND 

11 0540 24.0 PF 1911010 1 3  1 . 2  P r e s e n t  ND ND 
1 2  0740 CC 1711340 ND ND ND 



APPENDIX F Milk Sampling R e s u l t s  

NEAREST TOWN AND LOCATION TIMB AND DATE ISOTOPIC . T U L T S  
(pCi/ 1) 

(Azimuth, Dis tance)  MILKED COLLECTED 13 lI 187w 
-- 

Alamosa, Colorado 
Alamosa Milk  Co. 

(8g0, 581  mi) 

Colorado S p r i n g s ,  Colo.  
S e n t o n  D a i ~ y  Company 

(8z0, 646 mi) 

.Cra ig ,  Colorado 
Yampa V a l l e y  Dai ry  

(65O, 533 mi) 

A.M. 0900 
12/10/68 12/10/68 

A.M. 
12/11/68 12/11/68 

A.M. 
12/13 168  12/13/68 

A.M. 0900 
121 14/68 121 14/68 

A.M. 
12/15/68 12/15/68 

A.M. 
12/16/68 12/16/68 

P.M. 
12/12/68 12 /13 /68  

P.M. 
121 13/68 12/14/68 

P.M. 
12/15/68 12/16/68 

P.M. 
12/17/68 12/18/68 

P.M. 
12/20/68 12/20/68 

P.M. 
12/9/68 12/10/68 

P.M. 
12 /11 /68  12 /12 /68  

P.M. 
12/13/68 121 14/68 

P.M.. 
121 15 /68  12/16/68 < 20 < 50 

a A c t i v i t y  a t  t ime  o f  m i l k i n g  
134 



APPENDIX F (con t inued)  

NEAREST TOWN AND LOCATION 'TIME AND DATE ISOTOPIC RESULTS 
(pCi/ 1) a 

(Azimuth, Dis tance)  MILKED . COLLECTED 13 lI 1 8 7 ~  

D e l t a ,  Colorado A.M. 
Arden Meadow Gold Dai ry  12/10/68 12/10/68 < 20 < 50 

(71°, 471 mi) 
A.M. 
12/11/68 12/11/68 < 20 < 50 

A.M. 
1 2 / 1 / 6 8  12/11/68 < 20 . < 50 

A.M. 
12/12/68 12/12/68 < 20 < 50 

Durango, Colorado P.M. 
Clover  Rich Dai ry  12/10/68 12/10/68 < 20 < 50 

(go0, 477 mi) 
P.M. 
12/11/68 12/11/68 < 20 . < 50 

P.M. 
12/12/68 12 /12 /68  < 20 < 50 

F t .  C o l l i n s ,  Colorado A.M. 
Poudre Va l l ey  Dairy  12 /9 /68  12 /9 /68  < 20 < 50 

(70°, 655 m i )  A.M. 
12/10/68 12/10/68 < 20 < 50 

A.M. 
12/12/68 12/12/68 < 20 < 50 

P.M. 
12/13/68 12/13/68 < 20 < 50  

A.M. 
12/14/68 12/14/68 < 20 < 50 

a 
A c t i v i t y  a t  t i m e  o f  m i lk ing  



APPENDIX F (con t inued)  

NEAREST TCWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 
(pCi / l )  a 

(Azimuth, Dis tance)  MILKED COLLECTED 13 11 187w 

F t  . C o l l i n s ,  Colorado A.M. 
Poudre Val ley  Dai ry  (cont . )  12/16/68 12/16/68 < 20 

Glenwood Spr ings ,  Colorado A.M. 
Glenwood Creamery 12 /9 /68  12 /9 /68  < 20 

(73O, 522 mi) 
A.M. 
12/10/68 12/10/68 < 20 

A.M. 
12/11/68 12/11/68 < 20 

A.M. 
12/12/68 12 /12 /68  < 20 

A.M. 
12/13/68 12/13/68 < 20 

A.M. 
12/14/68 12/14/68 < 20 

Grand J u n c t i o n ,  Colo. 
Clymer's  Da i ry  

(75O, 450 m i )  

A.M. 
12/10/68 

A.M. 
12/11/68 

P.M. 
12/12/68 

P.M. 
121 13  / 68 

A.M. 
121 141 68 

P.M. 
12/15/68 

A.M. 
12/16/68 

- - - - - - - - 

a A c t i v i t y  a t  t ime  o f  m i lk ing  



APPENDIX F (cont inued)  

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC qSULTS 
( ~ C i l l )  

(Azimuth, Distance)  MILIUID C OLLECTED 13 lI 187w 

Monte V i s t a ,  Colorado 
Sunr i se  Creamery 

(88O, 570 mi) 

Rocky Ford, Colorado 
Rocky Ford Co-op. 

(86O, 703 mi) 

S a l i d a ,  Colorado 
Monarch Dairy 

(82O, 580 mi) 

Blackfood, Idaho 
Cammack Dairy 

(28O, 469 mi) 

- - - - - 

A.M. 
12/10/68 12/10/68 

A.M. 
12/10/68 12/10/68 

A.M. 
12/11 1 12/11 168 

A.M. 
121 12/68 12/12/68 

A.M. 
12/13/68 12/13/68 

A.M. 
121141 68 12/14/68 

A.M. 
12/15/68 12/15/68 

P.M. 
121 10168 121 10168 _ 

A.M. 
12/13/68 12/13/68 

A.M. 0600 
12/10/68 12/10/68 

A.M. 0800 
12/11/68 12/11/68 

A.M. 0800 
12/12/68 12/12/68 

a A c t i v i t y  a t  t ime of  milking 



APPENDIX F (con t inued)  

NEAREST TOWN AM) LOCATXON TIME AND DATE ISOTOPIC RESULTS 
(vCi/ 1) a 

(Azimuth, Dis tance)  MILKED COLLECTED 13 11 187w 

B o i s e ?  Idaho 
I d a h o  Creameries  

(2O, 434 mi) 

Buhl,  Idaho P.M. 1000 
s m i t h '  s Dai ry  Produc t s  121 91 68 121 101 68 < 20 < 50 

(15O, 376 mi) 
P.M. 07 00 

P.M. 
1'2/11/ 68 

P.M. 
12/12/ 68  

P.M. 
121 131 68 

P.M. 
121 151 68 

P.M. 
121161 68 

Bur ley ,  Idaho  A.M. 1700 ' 

S t o k e r ' s  J e r s e y  Farm 12/10/ 68 121 101 68 < 20 < 50 
(22O, 388 mi) 

A.M. 0900 
12/11/68 121111 68 < 20 < .50 

A.M. 0800 
12/12/68 12 /12 /68  <20 < 50  

A.M. 
121131 68 12/13/ 68 <20 < 50 

a .. . A c t i v i t y  a t  t i m e  o f  m i l k i n g  

138 



NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 

(Azimuth, Dis tance)  
($ill) a 

MILKED COLLECTED 13 1-r 1 8 7 ~  

Bur ley ,  Idaho  A.M. 
S t o k e r ' s  J e r s e y  Farm (con t  .) 12/14/68 12/14/68 < 20 < 50 

A.M. 
12/15/68 12/15/68 < 20 < 50  

Idaho  F a l l s ,  Idaho A.M. 
Wal lace  Da i ry  121 10168 121 10168 < 20 < 50 

(2g0, 487 mi) 
A.M. 
12/12/68 12/12/68 < 20 < 50  

P.M. 
12/15/68 12/15/68 < 20 < 50  

P.M. 
12/16/68 121 16/68 < 20 < 50  

Jer.ome, Idaho  A.M. - - -..-:-\ 
-.. , --. . ., _..I -.._ .--- ,.: ... 

I d a  Gem Dairymen 121 l o /  68 121 101 68 < 20 < 5.37- .._ .. L 

(16O, 387 mi) 
. 

A.M. 
12/11/ 68 121111 64 < 20 < 50 

P o c a t e l l o ,  Idaho  
Wards Da i ry  

(30°, 440 mi) 

P.M. 
12/11/68 12/11/68 < 20' < 50  

P.M. 
121 12/68 121 13/68 < 20 < 50 

a 
A c t i v i t y  a t  t i m e  o f  m i l k i n g  
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APPENDIX F (con t inued)  

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 
( p ~ i . 1 1 ) ~  

(Azimuth, Dis tance)  MILKED C OUECTED 13 lI 187w 

Big Timber, Montana A.M. 
Sweet Grass  Da i ry  12/12/68 

(30°, 678 mi) 
A.M. 

A.M. 
121 14/68 

A.M. 
12/16/68 

B i l l i n g s ,  Montana P.M. 
B e a t r i c e  Foods 12/15/ 68 121 161 68 < 20 

(35O, 715 mi) 
A.M. 
12/16/68 121161 68 < 20 

Bozeman, Montana 
Dar i g o  l d  Farms 

(26O, 643) 

P.M. 
121 141 68 

Glend ive ,  Montana 
Gate  C i t y  D a i r y  

(43O, 922 mi) 

P.M. 
12/12/ 68 

P.M. 
121 13 168 

P.M. 
121 14/68 

G r e a t  F a l l s ,  M o ~ i t a r ~ a  
A y r s h i r e  Da i ry  

(2g0, 752 mi) 

12/16/68 

a 
A c t i v i t y  a t  t i m e  o f  m i l k i n g  



APPENDIX F (continued):  

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 
(pCi/ 1) a 

(Azimuth, Dis tance)  MILKED COLLECTED 13 11 '187w 

Mi les  C i t y ,  Montana 
S a n i t a r y  Da i ry  

(41°, 833 mi) 

A u s t i n ,  Nevada- 
T r i p l e  T Ranch 

(348O, 128 mi) 

A u s t i n ,  Nevada 
Young's Ranch 

(348O, 134 mi) 

A.M. 
121 15/68 12/15/68 

P.M. 1800 
12 /9 /68  12/10/68 

A.M. 1500 
12/11/68 12/11/68 

A.M. 1230 
12/12/68 12/12/68 

A.M. 
12 /9 /68  

A.M. 
121 10168 

A.M. 
12/11/68 

A.M. . 

12/12/68 

A.M. 
121 131'68 

B a t t l e  M t . ,  Nevada P.M. 1200 
T Lazy S Ranch 121 10168 121 11/68 <20 (50 

(35g0, 231 mi) 

a 
A c t i v i t y  a t  t ime  of  m i l k i n g  



APPENDIX (continued) 

NEAREST TOWN AM) LOCATION TIME AND DATE ISOTOPIC RESULTS 
( p ~ i / l  a 

(Azimuth, Distance) MILKED . COLLECTED 13 187W 

Belmont, .Nevada A.M. 
Pine Creek Ranch 12/91 68 

(353O, 102 m i )  
A.M. 
121 101 68 

Beowawe, Nevada 
F r i e sen  Ranch 

( lo ,  223 m i )  

Ca l i en te ,  Nevada 
Young's Ranch 

(80°, 113 m i )  

Currant ,  Nevada 
Blue Eagle Ranch 

(33O, 98 mi) 

A.M. 
12/11/68 

A.M. 
121 121 68 

A.M. 
121 131 68 

A.M. 
121 141 68 

A.M. 
121 15/ 68 

P.M. 1100 
12/10/68 12/11/68 < 20 340 

A.M. 
12/10/68 12/11/68 , < 20 < 50 

P.M. 
12/9/68 12/9/68 < 50 1,700 

P.M. 13 45 
12/10/ 68 12/12/ 68 < 50 1,400 

P.M. 1345 
12/11/68 12/12/68 7 0 7 00 

P.M. 1230 
12/12/68 121131 68 7 0 < 50 

P.M. 1015 
121 131 68 121141 68 

. . 
< 20 < 50 

P.M. 
- 12/16/'68 12/16/ 68 < 20 < 50 

1 

a 
A c t i v i t y  a t  time of milking . . 



APPENDIX (cont inued)  

NEAREST T W  AND LOCATION TIME AND DATE . - --ISOTOPIC RESULTS , - 

( p C i / l )  a 
(Azimuth, Dis tance)  MILKED COLLECTED 13 11 187w 

Cur r an t ,  Nevada 
Manzonie Ranch 

(32O, 116 mi) 

A.M. 
12/91 68 

A.M. 
12/10/68 

A.M. 
12/11/68 

A.M. 
12/12/68 

A.M. 
12/13/68 

C u r r i e ,  Nevada 
B i l l  Lear  Ranch 

(26O, 225 mi) 

A.M. 1030 
12/11/68 12/12/68 

P.M. 17 UU 
12/14/68 12/14/68 

Deeth,  Nevada 
Lotspe ich  Ranch 

(15O, 266 mi) 

Duckwater, Nevada 
Hals t e ad  Ranch 

(24O, 117 mi) 

A.M. 
12/9/68. 12/9/68 

A.M. 1445 
12/10/68 12/10/68 

A.M. 15 25 
12/11/68 12/11/68 

A.M. 1500 
12/12/68 12/12/68 6 0 < 50 

' A.M. 1415 
12/13/68 12/13/68 < 50 < 50 

A.M. 
12/14/68 12/14/68 6 0 < 50 

P.M. 
121 16/68 121 16/68 

a 
A c t i v i t y  a t  t i m e  o f  mi lk ing  



AP~ENDIX F (con t inued)  

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 
( p ~ i /  

(Azimuth, Dis tance)  MILKED COLLECTED 13 11 1 8 7 ~  

Elko ,  Nevada P.M. 1730 
Anchor S Ranch 121 101 68 121 101 68 

(110, 251 mi) 
A.M. 1500 
12/14/68 12/14/68 

Eureka,  Nevada 
Morr ison Ranch 

(11°, 167 mi) 

A.M. 
12/91 68  12/9/68 

P.M. 1200 
12/91 68 12/10/ 68 

P.M. 1650 
12/11/ 68 12/11/68 

A.M. 1000 
121121 68 12/12/ 68 

A.M. 1100 
121 131 68 ' 121 131 68 

A.M. 
12/15/ 68 12/15/ 68 

Geyser  Maint.  Sta . ,Nevada P.M. 
Chavis  Ranch 1 2 / 9 / 6 8  1 2 / 9 / 6 8  

(57O, 127 mi) 
A.M. 
12/10/ 68 12/10/ 68 

A.M. 
121 111 68 12/11/ 68 

A.M. 
12/12/ 68 121121 68 

A.M. 1120 
12/13/ 68 12/13/ 68 

A.M. 0945 
12/,14/ 68 121 141 68  

A.M. 
1.21 1 5  168 121 15/68 < 20 < 50 

a . . 
A c t i v i t y  a t  t i m e  o f  m i l k i n g  



APPENDIX (cont inued)  

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 

(Azimuth, Dis tance)  
( p ~ i /  1) a 

MILKED COLLECTED 13 lI 1 8 7 ~  

Hiko, Nevada 
S c h o f i e l d  Da i ry  

(7g0, 74 mi) 

Lund, Nevada 
McKenzie Da i ry  

(3g0, 134 mi) 

P.M. 
121 101 68 121 101 68 < 20 

A.M. 1015 
12 /13 /68  12 /13 /68  < 20 

A.M. 
1 2 / 9 / 6 8  12 /9 /68  < 20 890 

A.M. 
12/10/68 12/10/68 < 50 1,700 

P.M. 
12/11/68 

A.M. 
12/12/68 

P.M. 
12/12/68 

A.M. 
121 13/68 

P.M. 
121 13 168 

A.M. 
121 14/68 

P.M. 
121 14/68 

A.M. 
121 15/68 

P.M. 
121 15 168 

A.M. 
12/16/68 

P.M. 
12/16/68 

a A c t i v i t y  a t  t ime  of m i l k i n g  



APPENDIX F (continued) 

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 

(Azimuth, Distance) 
(pCi/ 1) a 

MILKED COLLECTED 13 11 187w 

McGill , Nevada 
Larsen Ranch 

(33O, 169 mi) 

A.M. 
12/9/68 12/9/68 < 50 2,500 

A.M. 
12/11/68 12/11/68 < 20 910 

A.M. 
12/16/68 1.2/16/68 < 20 < 50 

Montello,  Nevada A.M. 1345 
Gamble 4 Mile Ranch 12/10/68 12/10/68 

(25O, 305 mi) 

Nyala, Nevada 
Casey' s Ranch 

(3g0, 82 mi) 

Nyala, ~ e v a d a  
Sharp ' s  Ranch 

(34O, 76 mi) 

A.M. 
12/9/68 12/9/68 < 50 3,400 

A.M. 
12/10/68 12/10/68 < 50 4,400 

A.M. 
121 11/68 12/11/68 < 20 83 0 

A.M. 1330 
12/12/68 12/12/68 < 20 550 

A.M. 1420 
121 13 168 121 13 168 < 20 210 

A.M. 1330 
12/14/68 12/14/68 < 20 

A.M. 1130 
121 15/68 121 15/68 < 20 < 50 

A.M. . 
12/16/68 121 16/68 < 20 < 50 

A.M. 
121 10/68 121 10168 

A.M. 
12/11/68 12/11/68 < 20 1,200 

A.M. 1300 
121 12/68 12/12/68 40 48 0 

a A c t i v i t y  a t  t ime of milking 



APPENDIX F (con t inued)  

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS . ( . dill>a" 
(Azimuth, Dis tance)  MILKED COLLECTED 13 11 1 8 7 ~  

Nyala,  Nevada 
Sharp '  s Ranch (cont  ' d) 

Panaca,  Nevada 
Kenneth Lee Ranch 

(75O, 122 mi) 

Shoshone, Nevada 
Kirkeby Ranch 

(47O, 160 mi) 

Ur s ine ,  Nevada 
Harold Hamrnond 

(70°, 136 mi) 

Ur s ine ,  Nevada 
7 L Ranch 

(690, 140 m i )  

A.M. 1355 
12/13/68 12/13/68 

A.M. 1300 
12/14/68 12/14/68 

A.M. 1100 
12/15/68 12/15/68 

A.M. 
12/16/68 12/16/68 

A.M. 
12/11/ 68 12/11/68 

A.M. 1235 
12/12/ 68 121121 68 

'A.M. 
12 /9 /68  12/9/68 

A.M. 
121 10168 121 10168 

A.M. 
12/11/68 12/11/68 

A.M. 1045 
12/12/68 12/12/68 

A.M. 1000 
12/13/68 .12/13/68 

A.M. 
12/11/68 12/11/68 < 20 < 50 

P.M. 
12/11/68 12/11/68 < 20 < 50 

A.M. . 1410 
12/12/68 12/12/68 < 20 < 50 

' . Wells ,  Nevada P.M. 1545 
: Willow Creek Ranch 12/10/68 12/10/68 < 20 .< 50 

(17O, 273 mi) . . 

a 
. A c t i v i t y  a t  t ime  of  mi lk ing  

14 7 



APPENDIX F (con t inued)  

NEAREST TOWN AM) LOCATION TIME AND BATE ISOTOPIC .RESULTS 
(pCi/ 1) a 

(Azimuth, Dis tance)  MILKED COLLECTED 13 11 187w. 

Abraham, Utah 
Ray Hoe lz le  

(55O, 252 mi) 

Abraham, Utah 
Boyd Schena 

(56O, 252 mi) 

P.M. 1200 
12/10/68 1.2/10/68 < 50 900 

P.M. 
121 10168 

P.M. 
12/11/68 

A.M. 
121 12/68 

A.M. 
12/13 168 

P.M. 
121 1 3  168 

Beaver,  IJ tah  A.M. 
Smith and R o b e r t s  Da i ry  121 10 168 121 1 0  168 

(730, 223 mi) 
A.M. 
12/11/68 12/11/68 

A.M. 1100 
12/12/68 12/12/68 

Cedar C i t y ,  Utah 
Meadow Cold Dairy  

(83O, 192 mi) 

A.M. 
121 13 168 121 13 168 

A.M. 
12/14/68 12/14 168 

A.M. 
121 15 168 121 15 168 

A.M. 
121 16 168 121 16 168 

A.M. 
1 2 / 2 1  168 12 /21  168 

a 
A c t i v i t y  a t  t i m e  o f  m i l k i n g  



APPENDIX F (con t inued)  

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 
(pC i/ 1)  a /. 

(Azimuth, Dis tance)  MILKED COLLECTED 13 lI 187w 

D e l t a ,  Utah A,M. 1330 
J e f f e r i e s '  Da i ry  121 10 168 121 10 168 < 20 240 

(570, 254 mi) 
P.M. 1145 
12 /11  168 12/11./68 < 20 < 50 

A.M. 0800 
12/12/68 12/12/68 < 20 < 50 

A.M. 1200 
12/13/68 - 12/13/68 < 20 < 50 

D e l t a ,  Utah 
Harold Tay lor  

(58O, 256 mi) 

D e s e r e t ,  Utah 
E r n e s t  Anderson 

(58O, 254 m i )  

Ephraim, Utah 
A r t h u r  King 

(63', 303 mi) 

F i l l m o r e ,  Utah 
Sam Wade 

(64O, 256 mi) 

A.M. 
12/11/68 12/11. I68 

A.M. 0800 
121 12 I68 12/12 168 

A.M. 123 0  
12/13 168 12/13/  68 

A.M. 
121 141 68 121 141 68 

A.M. 1245 
12/11/68 12/11/68 

A.M. 
12/12/68 12/12/68 

A.M. 
121 13 168 121 13 168 

P.M. 1800 
121 1 0  168 121 10 168 

P.M. 0955 
1 2 / 1 1  168 12/12 168 

A.M. 0955 
12/12 168 12/12 I68 

a A c t i v i t y  a t  t i m e  o f  m i l k i n g  

1 4  9 



APPENDIX F (con t inued)  

NEAREST TOWN AND LOCATION TIME AND'DAm ISOTOPIC RESULTS 
(pCi/ 1) a 

(Azimuth, D i s t a n c e )  MILKED COLLECTED \ 1311 187w 

F i l l m o r e ,  Utah P.M. 0930 
Sam Wade (c o n t  ' d) 12/13/68 12/14/68 < 20 < 50 

A.M. 0930 
12/14/68 12/14/68 < 20 < 50 

G a r r i s o n ,  Utah. 
Davies  Ranch I n c .  

(56O, 171  mi) 

G a r r i s o n ,  Utah 
Wheeler Ranch 

(51°, 176 mi) 

Gunnison, Utah 
Ki rby  E.  P i c k e t t  

(64O, 286 mi) 

Hinckley , Utah 
Walt  Ekins  

(57O, 252 mi) . . .  

. . 

P.M. 1230 
12/10/68 12/11/68 

P.M. 1225 
12/11/68 12/12/68 

P.M. 
12/12/68 12/13/68 

P.M. 15 15 
12 /9 /68  12 /9 /68  

A.M. 1400 
121 10 168 ' 121 10 168 

A.M. 1140 
12/11/68 12 /11  168 

A.M. 1205 
121 12 168 121 12 168 

A.M. 1115 
121 13 168 121 13 168 

A.M. 
121 14 168 121 1 4  168 

' .- 

P.M. 1400 
12 /11 /68  12 /11  I 6 8  

A.M. 0920 
12/12/68 12/12 168 

P.M. 1620 
121 10 I68  121 10 I68 

P.M. 1745 
1 2 / 1 1 / 6 8 .  12 /11 /68  

a  
A c t i v i t y  a t  t ime  of  m i l k i n g  



APPENDIX F (con t inued)  

NEAREST TOWN AND LOCATION TIME AND DATE 'ISOTOPIC RESULTS 
(pCi/ 1) 

a 

(Azimuth, Dis tance)  MILKED C0I;LECTED 13 1~ 

Hinckley,  Utah A.M. 0630 
Walt Ekins  ( con t ' d )  12/12/68 12/12/68 < 20 140 

1100 A.M. 
12/13/68 12/13/68 < 20 <50 

A.M. 0900 
121 14/68 121 14/68 < 20 < 50 

Holden, Utah 
Evan S tevens  

(620, 262 mi) 

Lynndy 1, Utah 
Howard Nie l son  

(56O, 272 mi) 

A.M. 1530 
12/10/68 12/10/68 < 20 67 0 

P.M. 1015 
12/11/68 12/12/68 < 20 <50 

A.M. 1015 
12/12/68 12/12/68 < 20 140 

A.M. 103 0 
121 13 168 121 13 168 . < 20 < 50 

A.M. 0950 
12/14/68 . 12/14/68 < 20 < 50 

A.M. 1230 
121 10  168 121 10 168 

A.M. 1330 
121 12 168 121 12 168 

A.M. 1110 
121 1 4  168 121 14 168 <20 <50 

Mant i ,  Utah A.M. 17 15 
L y l e  Alder 12 /11  168 12 /11  168 < 20 <50 

(63O, 297 mi) 
A.M. 07 00 
12/12 168 12/12 168 < 20 < 50 

M i l l s ,  Utah 'A.M. 1700 
Clay ton  Wil l iams 1 2 / 1 0 / 6 8  1 2 / 1 0 / 6 8  < 2 0  < 50 

(5g0, 287 mi) 
A.M. 1200 
12/11/68 12/11/68 < 20 290 

A.M. 1110 
12/12/68 12/12/68 < 20 < 50 

a 
A c t i v i t y  a t  t ime  of  m i lk ing  

15  1 



M'PENDIX F (continued) 

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 
(pci/l)" 

(Azimuth, Distance) MILKED COLLECTED 13 IT 187w 

Minersville, Utah A.M. 1400 
Minersville Dairy 12/9/68 12/9/68 < 20 < 50 

(73O, 208 mi) 
P.M. 2000 
121 101 68 121 lo/ 68 < 20 < 50 
P.M. 
12/13/48 12/11/68 < 20 .( 50 

P.M. 
12112368 12/12/68 < 20 <50 

P.M. 
12/13/68 12/13/68 < 20 <50 

P.M. 1630 
12/14/68 12/14/68 < 20 < 50 
P.M. 
12/15/68 12/15/68 '< 20 < 50 

Mt. Pleasant, Utah A.M. 
Brooklawn Creainery 12/10/68 12/10/68 < 50 950 

(61°, 315 mi) 
A.M. 1045 
12/11/68 12/11/68 < 20 < 50 
A.M. 1030 
12/12/68 12/12/68 < 20 < 50 

A.M. 
12/14/68 12/14/68 <'20 < 50 
A.M. 
121 151 68 '121 15/68 < 20 < 50 
A.M. 
121 161 68 121 16/ 68 < 20 < 50 

Oak City, Utah 
D. J, Finlinson 

(58O, 268 mi) 

A.M. 1530 
121 101 68 121 101 68 < 50 1,900 

P.M. 1930 
121111 68 12/11/68 < 20 650 

a Activity at time of milking 



APPENDIX F (cozlt inued) 

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 
(pCi/ 1) a 

(Azimuth, Dis tance)  MILKED COLLECTED 13 lI 187, 

Oak C i t y ,  Utah A.M. 0645 
D.  J. F i n l i n s o n  (con t 'd )  12/12/68 12/12/68 <20 410 

A.M. 1345 
12/13/68 12/13/68 <20 (50 

A.M. 103 0 
121 14/68 12/14/68 <20 (50 

Ogden, Utah A.M. 
Maple Leaf Da i ry  12/11/68 12/11/68 <20 (50 

(42O, 363 m i )  
A.M. 
12/12/68 12/12/68 <20 <5 0 

A.M. 
121 13/68. 12/13/68 <20 (50 

I P.M. 
12/13/68 12/13/G8 <20 (50 

A.M. 
12/15/68 12/15/68 <20 (50 

A.M. 
12/16/68 12/16/68 <20 (50 

Redmond, Utah 
M e r r i l l  Hampton 

(66O, 279 m i )  

R ichf  i e l d ,  Utah 
I d e a l  Da i ry  

(680, 263 mi) 

P.M. 1240 
12/11/68 12/11/68 .<20 (50 

A.M. 1020 
12/12/68 12/12/68 <20 (50 

A.M. 0730 
12/10/68 12/10/68 <20 <5 0 

A,M. 083 0 
12/13/68 12/13/68 <20 (50 

P.M. 
12/22/68 1.2/23/68 <20 (50 

a 
A c t i v i t y  a t  t ime  of  m i l k i n g  



APPENDIX F (con t inued)  

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 
( p ~ i / - l ) ~  

(Azimuth, Dis tance)  MILKED COLLECTED 13 11 187w 

S t .  George, Utah A.M. 
S t .  George I c e  Co. 12/12/68 12/12/68 < 20 < 50 

(!lo0, 190 mi) 
A.M. 
121 131 68 121 131 68 < 20 < 50 

S m i t h f i e l d ,  Utah 
Cache V a l l e y  Dai ry  

(3g0, 400 mi) 

Span ish  Fork ,  Utah 
Town P r i d e  Da i ry  

(54", 326 mi) 

P.M. 0700 
12/9/ 68 121 10/ 68 

P.M. 
12/10/68 12/11/68 

A.M. 
12/11/68 12/12/68 

P.M. 
121 12/ 68 121 131 68 

P.M. 
12/13/68 12/14/68 

A.M. 
12/14/68 12/15/68 

P.M. 
12/15/68 12/16/68 

A.M. 0900 
12/8/68 12/9/68 

A.M. 0900 
i2/9/  68 i 2 / i o /  68 

A.M. 0930 
12/11/68 12/11/68 

A.M. 0945 
121 12/ 68 12/ 12/68 

A.M. 1000 
12/ 13/ 68  12/13/ 68 

a 
A c t i v i t y  a t  t ime  of  m i l k i n g  

154 



APPENDIX F (con t inued)  
> .  

NEAREST TOWN AND LOCATION TIME AND DATE ISOTOPIC RESULTS 

(Azimuth, Dis tance)  
( p C i / l )  a 

MILKED COLLECTED 13 11 187w 

S p r i n g  Glen,  Utah A.M. 1155 
Blue H i l l  Da i ry  Farm 12/12/68 12/13/68 < 2 0  < 50 

(620, 348 mi) 

S p r i n g  Glen,  Utah A,M. 1025 
John J .  Thayn 12/13/68 12/13 168 < 20 < 50 

(63O, 354 mi) 

Casper ,  Wyoming A .'M . 0830 
Meadow Gold D a i r i e s  12/11/68 12/11/68 < 20 < 50 

(55O, 661 mi) . 

Cheyenne, Wyonling P.M. 0900 
Dai ry  Gold Foods 12/9/68 12/10/68 < 20 < 50 

1 ,  (67O, 680 mi) 
P.M. 0800 
12/10/68 12/11/68 < 20 < 50 

P.M. 1230 
12/12/68 12/13 168 < 20 < 50 

P.M. 
12/13/68 12/14/68 < 20 < 50 

P.M. 
12/15/68 12/16/68 < 20 < 50 . 
P.M. 
12/16/68 12/17 168 < 20 . < 50 

Powel l ,  Wyoming A,M. 1500 
Cream o f  t h e  V a l l e y  12/12/68 12/13/68 , < 20 < 50 

(38O, 653 mi) A.M. 
12/12/68 12/13/68 < 20 < 50 

P.M. 
12/12/68 12/13/68 < 20 < 50 

a A c t i v i t y  a t  t i m e  o f  m i l k i n g  



A P P E N D I X  F (concluded) 

NEAREST TOWN AND LOCATION T I M E  AND DATE I S O T O P I C  R E S U L T S  
(pci/ l>a 

( A z i m u t h ,  D i s t a n c e )  MILKED COLLECTED 13 lI 187w 

R a w l i n s ,  W y o m i n g  A.M. 
W y o m i n g  D a i r y  P r o d u c t s  12/91 68 12/91 68 < 20 < 50 

( 5 8 O ,  583 m i )  
A.M. 
12/10/68 12/11/68 < 20 < 50 

A.M. 
12/13/68 12/13/68 < 20 < 50 

A.M. 
12/16/68 12/16/68 < 20 < 50 

R i - ~ e r  ton ,  W y o m i n g  
~ o r n i n ~  S t a r  D a i r y  

(480, 582 m i )  

Sher idan ,  W y o m i n g  
Jersey C r e a m e r y  

( 4 4 O ,  717 m i )  

A.M. 1600 
12/91 68 12/91 68 < 20 < 50 

A.M. 
121 101 68 

A.M. 
12/11/ 68 

A.M. 
121 121 68 

A.M. 
121 131 68 

P.M. 
12/11/ 68 121121 68 < 20 < 50 

A.M. 1030 
121121 68 12/13/68 < 2 0 '  < 50 

A.M. 
12/14/68 12 /14 /68  < 2 0  < 5 0  

a A c t i v i t y  a t  t i m e  of m i l k i n g  



APPENDIX G. Milk Cow Feed Sampling Resu l t s  

NEAREST TOWN AND LOCATION FEED TIME- 187w 
TYPE DATE (pCi/kg) 

(Azimuth. Distance)  COLLECTED 

Aust in,  Nevada 
Young' s Ranch 

(348O, 134 mi) 

Aust in,  Nevada 
T r i p l e  T Ranch 

(348O, 128 mi) 

B a t t l e  M t  . , Nevada 
T Lazy S Ranch 

(35g0, 231 mi) 

Belmont , Nevada 
Pine Creek Ranch 

(353O, 102 mi) 

Beowawe, Nevada 
F r i e sen  Ranch 

( l o ,  223 mi) 

Ca l i en te ,  Nevada Hay 1235 20,000 
Young.' s Ranch ' 12/11/68 

(80°, 113 mi) 

a ~ c t i v i t y  a t  time of c o l l e c t i o n .  



NEAREST TOWN AND LOCATION FEED TIME- 1 8 7 ~  .. 
TYPE DATE (pci /kgld 

(Azimuth, Distance)  COLLECTED 

Curran t ,  Nevada 
Blue Eagle Ranch 

(33O, 98 mi) 

Curran t ,  Nevada 
Manzoaie Ranch 

(32O, 116 mi) 

Cur r i e ,  Nevada 
B i l l  Lear  Ranch 

(26O, 225 mi) 

Deeth, Nevada 
Lotspe ich  Ranch 

(15O, 266 mi) 

S i l a g e  1455 83,000 
12/9/68 

S i l a g e  1305 23,000 
12/10/68 

Hay 13 00 120, COO 
12/10/68 

Duckwater, Ncvada Hay 1625 380,000 
Hals tead Ranch 12/9/68 

(24O, 117 mi) 
Hay 1445 350,000 

12/10/68 

Elku, Nevada Hay 1730 58,000 
Anchor S Ranch 121 10 / 68 

(11°, 251 mi) 

Eureka, Nevada Hay 1600 74,000 
Morrison Ranch 12/9/68 

(11°, 167 mi) . . 

Hay 1215 25,000 
12/10/68 

a 
Ac t iv i t y  a t  t ime of c o l l e c t i o n .  



APPENDIX 5; (continued) 

NEAREST TOWN AND LOCATION FEED TIME- - - 187w . 
TYPE DATE + ( p ~ i / k g ) a  

(Azimuth, Distance)  COLLECTED 

Geyger Maint . .Sta .  Hay 1830 8,200,000 
Chavis Ranch 12/9/68 

(570, 127 mi) 
Hay 143 5 7 80,000 

12/10/68 

Hiko, Nevada Hay 1730 8,600 
Schof ie ld  Dairy 

(7g0, 74 mi) S i l a g e  1725 1,100 
12110168 

S i l a g e  1045 9,300 
12/12/68 

Lund, Nevada 
McKenzie Dairy 

(3g0, 134 mi) 

McGill, Nevada 
Lars  en  Ranch 

(33O, 169 mi) 

Hay 1030 
12/13/68 

S i l a g e  1025 
12/13/68 

Montello , Nevada Hay 1400 55,000 
Gamble 4-Mile Ranch 12/10/68 

(25O, 305 mi) 

a Ac t iv i ty  a t  tirue of c o l l e c t i o n .  



APPEMllX G (continued) 

NEAREST TOWN AND LOCATION FEED TIME- l B 7 w  a 
TYPE DATE (pCi/kg) 

(Azimuth. Dis tance)  COLLECTED 

Nyala, Nevada 
Casey's Ranch. 

(3g0, 82 mi) 

Nyala, Nevada 
Sharp ' s Ranch 

(34O, 76 mi) 

Panaca, Nevada 
Kenneth Lee Ranch 

(75O, 122 mi) 

Shoshone, Nevada 
Kirkeby Ranch 

(47O, 160 mi) 

Ursine,  Nevada 
Donohue Ranch 

(630, 145 mi) 

Ursine,  Nevada 
Harold Hammond 

(70°, 136 mi) 

Ursine,  Nevada ' 

7L Ranch 
(6g0, 140 mi) 

Hay 1300 
12/9/68 

a 
Ac t iv i ty  a t  t ime of c o l l e c t i o n .  

b ~ a m p l e  a l s o  contained 70 ~ ~ i / k g  13'1. 

ND = Not d e t e c t a b l e .  

160 



APPENDIX G (con t inued)  

NEAREST TOWN AND LOCATION FEED TIME- 1 8 7 ~  
TYPE DATE ( p ~ i / k g ) ~  

(Azimuth, D i s t a n c e )  COLLECTED 

W e l l s ,  Nevada Hay 1545 62,000 
Willow Creek Ranch 12/10/68 

(17O, 273 mi) 

Abraham, Utah Hay 1630 1 ,100,000 ' 

Ray Hoe lz le  12/10/68 
(155O, 252 mi) 

Abraham, Utah 
Boyd Schena 

(56', 252 mi) 

Beaver,  Utah S i l a g e  1230 3 ,500 
Smith and RoberLs D a i r y  12/10/68 

(730, 223 mi) 
Hay 1227 ND 

12/10/68 

S i l a g e  1230 ND 
12/11/68 

D e l t a ,  Utah 
J e f  f e r i e s  Da i ry  

(57O, 254 mi) 

D e l t a ,  Utah Hay 1445 210,000 
Harold Tay lor  Ranch 12/10/68 

(58O, 256 mi) 

~ e s e r e t ,  Utah 
E r n e s t  Anderson 

(58O, 254 mi) 

a 
A c t i v i t y  a t  t ime of c o l l e c t i o n  

ND = Not d e t e c t a b l e .  



APPENDIX G (cont inued)  

NEAREST TOWN AND LOCATION FEED TIME- 1B7w a 
'TYPE DATE (pCi/kg) 

(Azimuth, Distance)  COUECTED 

Ephrairn, Utah Hay 0730 110,000 

Arthur  King 12/12/68 
(63O, 303 mi) Gra in  0730 2,900 

121 121 68 

Fi l lmore ,  Utah 
Sam Wade 

(64O, 254 mi) 

Garr i son ,  Utah 
Whceler Ranch 

(51°, 1 7  6 m i )  

Garr i son ,  Utah 
Davies Ranch, Inc.  

(560, 17 1 m i )  

Gunnison, Utah 
Kirby P i c k e t t  

(64O, 286 mi) 

Green 
Chop 

Green 
Chop 

Hinckley, Ut'ah Hay 1220 370,000 
Walt Ekins 121 10168 

(57O, 252 m i )  
Hay ND 

12/11/68 

. Holden, Utah Hay 1530 110,000 
Evan Stevens 12/10/68 

(62O, 262 mi) 1200 12,000 Hay 
121 11/68 

a A c t i v i t y  a t  t ime of c o l l e c t i o n .  . . 

162 
ND = 'Not  d e t e c t a b l e .  



(continued 1 

NEAREST TOWN AND LOCATION FEED TIME- 1 8 7 ~  a 
TYPE DATE ( ~ C i / k g )  

(Azimuth, Dist.ance) COLLECTED 

Lynndyl, Utah. 
Howard Nielsen 

(56O, 272 mi) 

Grain 1210 710,000 
12/10/68 

Manti, Utah Hay 0700 7 90,000 
Lyle  Alder  12/12/68 

(630, 297 mi) 
Hay 17 15 140,000 

12/11/68 

Mil.l.s, Utah 
Clayton Williams 

(5g0, 287 mi) 

Oak C i t y ,  Utah 
D .  J .  F in l in son  

(58O, 268 mi) 

Redmond, Utah 
M e r r i l l  Harnpton 

(66O, 279 mi) 

Grain 

Grain 

IIay 

Hay 

Grain 

Hay 

S i l a g e  

Hay 

a 
A c t i v i t y  a t  t ime o f , c o l l e c t i o n  

ND = Not de t ec t ab le .  



APPENDIX G (concluded) 

NEAREST TOWN AND LOCATION FEED TIME- 187w . 
TYPE DATE ( ~ C i / k g )  

(Azimuth, D i s t a n c e )  COLLECTED . 

Redmond, Utah G r a i n  ND 
Merrill Hampton ( c o n t ' d )  1 2 / 1 2 / 6 8 '  

Grain 1240 
12 /11 /68  

a 
A c t i v i t y  a t  t ime of c o l l e c t i o n .  

ND = Not detectable. 



- 

APPENDIX H. Water Sampling R e s u l t s  

NEAREST TOWN and LOCATION SAMPLE TIME-. ISOTOPIC RESULTS 
a 

S OURC E DATE (pCi/  1) 
(Azimuth, Dis tance)  COLLECTED' , H 

Coeur D'Alene,  Idaho Snow 0900 
58.4  m i  E on Ida-Mont L i n e  12/11/68 

(4O, 701  mi) 

Adaven, Nevada 
Simpson Ranch 

(42O, 75 mi) 

Adaven, Nevada 
Uhalde'  s Ranch 

(45', 75 mi) 

Spr ing '  1200 10,000 550 
121 10168 

Spr ing.b  1530 <50 NA 
12/13/68 

Adaven, Nevada S p r i n g  1615 
Walsh 's  P i n e  Creek 121 13/68 

(46O, 72 mi) 

Adaven, Nevada Snow 1620 23,000,000 5,200 
5.7 m i  W P i n e  Creek Ranch 12/09/68 

(46O, 68 mi) 

A u s t i n ,  Nevada w e l l  1800 <50 870 
T r i p l e  T Ranch 12/10/68 

(348O, 128 mi) 

A u s t i n ,  Nevada 
Young ' s Ranch 

(348O, 134 mi) 

S t o c k  1500 
Tank 12/09/68 

B a t t l e  Mountain,  Nevada w e l l b  1240 
G l e n ' s  Chevron S t a t i o n  12/11/68 

(355O, 230 m i )  

a A c t i v i t y  a t  t i m e  of  c o l l e c t i o n  
Domestic w a t e r  supp ly  

NA = NO a n a l y s i s  



APPENDIX H. (con t inued)  

NEAREST TOWN and LOCATION SAMPLE TIME- ISOTOPIC RESULTS a 
SOURCE DATE (pCi/  1 )  

(Azimuth, Dis tance)  COLLECTED 187w 3~ 

B a t t l e  Mountain, Nevada s 1200 
T Lazy S Ranch Tank 12/11/68 

(35g0, 231 mi) 

Belmont, Nevada S toclc 1315 
P i n e  Creek Ranch Tank 12/09/68 

(353O, 102 m i )  

Eeowawe, Nevada 
F r i e s e n  Ranch 

( l o ,  223 mi) 

S tock  1100 
Tank 12/11/68 

Blue J a y  Highway Mainte- w e l l b  1225 
nance S t a t i o n ,  Nevada 12/11/68 

(140, 76 mi) 

Blue J a y  Highway Mainte- w e l l  1215 
nance S t a t i o n ,  Nevada - 12/11/68 
S i t e  C 

(12O, 68 mi) 

C a r l i n ,  Nevada 
C a r l i n  Conoco S t a t i o n  

(6", 235 mi) 

C l a r k  S t a t i o n ,  Nevada 
F i v e  M i l e  Ranch 

(352O, 57 mi) 

Well . 0950 
and 12/11/68 
S p r i n g  b 

S p r i n g  1145 
121 10168 

Pond 1145 
121 101 68 

S t o c k  1130 
. Tank 12/13/68 

a 
A c t i v i t y  a t  t i m e  of  c o l l e c t i o n  
Domestic w a t e r  d ~ p , ~ l ~ .  

NA = No a n a l y s i s  



APPENDIX H. (cont inued)  

NEAREST TOWN and LOCATION SAMPLE TIME- ISOTOPIC RESULTS a 

(Azimuth, Distance)  
SOURCE . DATE (PC i/ 1)  

- COLLECTED 187w 3~ 

Clark S t a t i o n ,  Nevada 
John St ickelman 

(357O, 55 mi) 

Clark  S t a t i o n ,  Nevada 
Stone Cabin Ranch 

(356O, 61 mi) 

C 
Coyote Summit, Nevada 
Sand Springs Well 

(57O, 48 mi.) 

Curran t ,  Nevada 
Blue Eagle Ranch 

(33O, 98 mi) 

Curran t ,  Nevada 
Currant  Pond 

(3 lo, 113 mi) 

Spring 
b 

Spring b 

Pond 

Pond 

Pond 

Spring 

Well . 
Pond 1400 

121 101 68 

Pond - - -  
7;/10/69 

Currant ,  Nevada Spring 1415 (50 NA 

Currant  Ranch Cafe 121 10168 
(33O, 116 mi) . - . . 

Currant ,  Nevada Stream f 500 , 1,600 NA 
12/09/68 . . Manzonie Ranch 

(32O, 116 mi) Stream 1340 1,100 NA 
121 10/ 68 

a A c t i v i t y  a t  t ime of  c o l i e c t i o n  . . .  . ., 
Domes:tic- water  supply . . . . . . 

1 8 1 ~  p r e s e n t  i n  d e t e c t a b i e  c p a n t i t  i e s  a,s . recent$y  as oc t pbe r  , . 1969. 
. . 

. . . . . . . . , . NA = No a n a l y s i s  . . . . .  ... . . . .  .. - . . 
. -  . . , 

, . , 3.67. 
, . . . 



I APPENDIX H. (con t inued)  
I 

NEAREST TOWN and LOCATION SAMPLE TIME- . ISOTOPIC RESULTS~ 
S OURCE DATE (pCi/  1) 

I (Azimuth, ~ i s t a n c e )  COLLECTED 187w H 

C ~ i r r i e  , Nevada 
B i l l  Leer  Ranch 

(26O, 225 mi) 

St ream 1045 
12/12/68 

Deeth,  Nevada 
L o t s p e i c h  Ranch 

(15O, 266 mi) 

b Pond' 15 15 
12/11/68 

~ i a b k ,  Nevada We.1.l b 123 0 
Highway Maintenance S t a t i o n  121 10168 

(33O, 47 mi) w e l l b  . 1240 
12/13/68 

D i a b l o ,  Nevada ' 
Reed Ranch 

(38O, 37 mi) 

Duckwater, Nevada 
Duckwater School  

(23O, 119 mi) 

Duckwater, Nevada 
H a l s t e a d  Ranch 

(24O, 117 mi) 

S tock  1650 
Tank 12/10/68 

S tock  - - -  
Tank 7 /8 /69  

Spring'.  1500 
121 10168 

River  1615 
12/09/68 

 el lb. 1415 <50 NA 
12/13/68.  

a A c t i v i t y  a t  t i m e  o f  c o l l e c t i o n  
Domestic w a t e r  s u p p l y  
181w p r e s e n t  i n  d e t e c t a b l e  q u a n t i t i e s  a s  r e c e n t l y  a s  Oc tober ,  1969. 

NA = No a n a l y s i s  168 



APPENDIX H. ( con t inued)  

NEARESTTOWNandLOCATION SAMPLE TIME - ISOTOPIC RESULTS~  
SOURCE DATE (pCi/  1) 

(Azimuth, Dis tance)  COLLECTED 1 8 7 ~  3 H 

Elko,  Nevada 
Anchor S Ranch 

(11°, 251 mi) 

S tock  1730 
Tank . 12/10/68 

Elko,  Nevada wel lb  0845 
I P h i l l i p s  66 S e r v i c e  S t a t i o n  12/11/68 

. ( lo0,  245 mi) 

E l y ,  Nevada 
(34O, 160 mi) 

E ly ,  Nevada 
Chevron S e r v i c e  S t a t i o n  

(34O, 160 mi) 

Eureka,  Nevada 
Morr ison Ranch 

(11°, 167 mi) 

Geyser Maintenance S t a t i o n ,  
Nevada - Chavis Ranch 

(57O, 127 mi) 

Hiko, Nevada 
S c h o f i e l d   air^ 

(7g0, 74 mi) 

Lund, Nevada 
McKenzie Da i ry  

Snow 2100 . 
12/11/68 

Well and 1130 
S p r i n g  12/10/68 

Pond 1600 2,400 NA 
12/09/68 

Well 
b 

1215 2,400 <400 
121 10168 

S tock  183 0  
Tank 12/09/68 

S tock  1530 
Tank 12/09/68 

S tock  1000 
Tank 12/09/68 

a  
b  

A c t i v i t y  a t  t ime  of  c o l l e c t i o n  
Domestic w a t e r  supp ly  

NA = No . a n a l y s i s  



APPENDIX (cont inued)  

NEAREST TOWN and LOCATION SAMPLE TIME- ISOTOPIC RESULTS a 
S OURCE DATE (PC i / 1) 

(Azimuth, Distance) C OLLEC TED 187w 'H 

Lund, Nevada 
Gardner Grocery S t o r e  

(3g0, 135 mi) 

Manhattan, Nevada 
Lee H i a t t  Ranch 

(340°, 88 mi) 

Manhattan, Nevada 
Seyler  Reservoir  

(337O, 92 mi) 

McGill, Nevada 
Larsen Ranch 

(33O, 169 mi) 

Montello,  Nevada 
Gamble 4 Mile  Ranch 

(25O, 305 mi) 

Nyala, Nevada 
Casey 's  Ranch 

(3g0, 82 mi) 

Well b 1150 <50 NA 
12/10/68 

Well b 1140 
12/10/68 

w e l l  1210 
12/13/68 

.we l l  0815 
12/14/68 

Reservoir  1115 
12/10/68 

Reservoi r  1050 
12/13/68 

Reservoir  07 10 
12/14/68 

Stock 1655 
Tank 12/09/68 

Stock 1410 
Tank. 12110168 

Stock 1300 
Tank 12/09/68 

Spring'  1415 
12/10/68 

Spring 1420 
12/13/68 

a 
A c t i v i t y  a t  t ime of c o l l e c t i o n  

Domestic water  supply 
Nk = No a n a l y s i s  



APPENDIX H. ( con t inued)  

NEAREST TOWN and LOCATION SAMPLE TIME- ISOTOPIC RESULTS a 
SOURCE DATE (pCi/  1) 

(Azimuth, Dis tance)  COLLECTED 187w H 

Nyala,  Nevada (con t  ' d) S p r i n g  1130 <5 0 NA 
Casey ' s Ranch 12/15/68 

S p r i n g  1330 <5 0 NA 
121 14/68 

S p r i n g  1230 <5 0 NA 
121 16/68 

Nyala ,  Nevada 
Gibson Farm 

(35O, 77 mi) 

Nyala,  Nevada 
Sharp ' s Ranch 

(34O, 76 mi) 

Wel l  b 1300 
12/09/68 

w e l l b  1355 
12/13/68 

b 
Wel l  1300 

121 14/68 

Oasis, Nevada w e l l b  13 10 
Chevron S e r v i c e  S t a t i o n  121 10168 

(24O, 279 mi) 

Panaca , Nevada 
Kenneth Lee Ranch 

(75O, 122 mi) 

Stock 1250 
Tank 121 12/68 

P ioche ,  Nevada Well. 
b 

143 0 
County Cour t  House 121 10168 

(6g0, 121  mi) 
Well  

b 
1200 

121 14/68 

a A c t i v i t y  a t  t ime  of  c o l l e c t i o n  
Domestic w a t e r  supp ly  

NA = No a n a l y s i s  



APPENDIX H. (cont inued)  

NEAREST TOWN and LOCATION SAMPLE TIME- ISOTOPIC RESULTS~ 

(Azimuth, Distance)  
SOURCE DATE 

COLLECTED 

Pioche,  Nevada 
Williams and Son 

(63O, ,129 mi) 

P re s ton ,  Nevada 
Blackjack I n n  

(34O, 139 mi) 

Round Mountain, Nevada 
Mobil Se rv i ce  S t a t i o n  

(342O, 100 mi) 

Shoshone, Nevada 
Kirkeby Ranch 

(47O, 160 mi) 

Sunnyside, Nevada 
30 m i  S on Highway 38 

(60°, 100 mi) 

Sunnyside, Nevada - 
W i l d l i f e  Management 
Headquarters 

(47O, 112 mi) 

Tonopah, Nevada 
Dav5d's L and L Motel 

(322O, 63 mi) 

Spring b .  1.610 
12/09/68 

Snow 1630 
12/11/68 

Well 1215 
and 121 10168 
Spring b 
1 1  1 1  1120 

12/13/68 

Pond 1820 880 <400 
12/09/68 

.- 
1250 Spring.  (50 N A 

121 10168 

Pond 1300 27 0 <400 
12/10/68 

a 
A c t i v i t y  a t  t ime of c o l l e c t i o n  
Domestic water  supply 

NA = No a n a l y s i s  



APPENDIX . .- (&ntirxr!edl 

N&lFESTTOWNandLOCATION SAMPLE TIME- ISOTOPIC RESULTSO 

SOURCE DATE (PC i/ 1) 
(Azimuth, Distance) COLLECTED 1 8 7 ~  3~ 

Ursine ,  Nevada 
Donahue Ranch 

(63O, 145 m i )  

Urs ine ,  Nevada Stream 1425 < 50 NA 
7 L Ranch 12/12/68 

(6g0, 140 mi) 

Warm Springs ,  Nevada spr ingb '  1310 < 50 NA 
Be l lhe len  Ranch 12/13/68 

(8O, 50 mi) 

Warm Springs,  Nevada Pond 1345 770,000 16.,000 
F a l l i n i L s  Pond 12/ 10168 

(230, 61  mi) Pond 13 15 1,700 NA 
12/13/68 

Pond ---  
7/8/69 

Pond --- 
8/7/69 

Pond ---  NA <400 
9/11/69 

Pond ---  NA 6 10 
101 14/69 

Warm Springs ,  Nevada spr ingb  1300 1,200 2,000 
Serv ice  S t a t i o n  and Cafe 121 10168 

( lo0,  61  mi) s p r i n g b  1155 <SO NA 
12/13/68 

Warm Springs  , Nevada w e l l b  1345 <50 NA 
Twin Spr ings  Ranch 12/10/68 

(18O, 63 mi) w e l l b  1155 <50 NA 

Wells,  Nevada' Stock 1545 97 0 NA 
Willow Creek Ranch Tank 12/10/68 

(17O, 273 mi) 

Wells,  Nevada w e l l b  1530 <50 NA 
4 Way Truck Stop 12/10/68 

(18O, 275 mi) 

a A c t i v i t y  a t  t ime of c o l l e c t i o n  
Domestic water  supply 
1 8 1 ~  presen t  i n  d e t e c t a b l e  q u a n t i t i e s  a s  r e c e n t l y  a s  October, 1969. 

NA = No a n a l y s i s  17 3 



NXAFSST TOWN and LOCATION SAMPLE TIME- ISOTOPIC RESULTS a 
SOURCE DATE ( p C i /  1) 

COLLECTED 187w 3~ 

Abraham, Utah wellb 17 00 (50 NA 
Ray Hoelz le  121 101 68 

(55O, 252 mi) 

Abraham, Utah 
Boyd Schena 

(56O, 252 mi) 
S tock  1830 1,000 NA 
Tank 1.2/1.1/68 

S tock  1200 /5 0 NA 
Tank 12/12/68 

S tock  0940 (50 NA 
Tanlc 121 141 68 

Stock 1130 6 0  NA 
Tank 12/13/68 

Beaver,  Utah Stream 1227 <5 0 NA 
Smith and Rober t s  121 101 68 

(73O, 223 mi) 
Stream 1230 (50 NA 

12/11/68 

Stream 1100 S O  NA 
12/12/68 

Delta, Utah 
J e f  f e r i e s  Dai ry  

(57O, 254 mi) 

Delta, Utah 
Harold Taylor  

(58', 256 mF) 

S tock  1145 (50 NA 
Tank 121 1.1.168 

S tock  1230 . (50 NA 
Tank 12/12/68 

S tock  1200 
Tank 12/13/68 

S tock  1030 840 N A 
Tank 12/11/68 

S tock  1.01.5 
Tank 12/12/68 

S tock  . 1230 (50 NA 
Tank 1 2 / 1 3 / 6 8 '  . 

. . 
'a: 

. . A c t i v i t y  a t  t ime  of  c o ' l l e c t i o n  
Domestic wate r  supply .  

, , NA = No a n a l y s i s .  



APPENDIX H. (continued) 

NEAREST TOWN and LOCATION SAMPLE TIME- ISOTOPIC RESULTS a 
SOURCE DATE (PC i/ 1) 

(Azimuth, Distance) COLLECTED 1 8 7 ~  3~ 

Desere t ,  Utah Stock 1245 <50 NA 
Ernes t  Anderson Tank 12/11/68 

(58O, 254 mi) Stock 1200 < 50 NA 
Tank 12/12/68 

Stock 1300 < 50 NA 
Tank 12/13/68 

Ephraim, Utah 
Arthur King 

(63O, 303 mi) 

F i l lmore ,  Utah 
Sam Wade 

(64O, 254 mi) 

Garr ison,  Utah 
Davies Ranch, Inc.  

(56O, 17 1 mi) 

Garr ison,  Utah 
Pruess Reservoir  

(52O, 174 mi) 

Garr ison,  Utah 
Rowley Grocery 

(51°, 176 mi) 

Garr ison,  Utah 
Wheeler Ranch 

(51°, 176 mi) 

Stock 0730 
Tank 12/12/68 

Stock 1800 < 50 NA 
Tank 121 10168. 

Stock 1000 < 50 NA 
Tank 12/11/68 

Stock 0955 . . < 50 NA 
Tank 12/12/68 

Stream 1230 3,500 <400 
12/11/68 

Reservoir  1230 4,900 <400 
12/10/68 

Stock 1515 
Tank 12/09/68 

l a 
A c t i v i t y  a t  time of  c o l l e c t i o n  

Domestic water  supply 
NA = No a n a l y s i s  



APPENDIX H. (con t inued)  

NEAREST TOWN and LOCATION SAMPLE TIME- ISOTOPIC RESULTS a 
SOURCE DATE (PC i/ 1)  a 

(Azimuth, Dis tance)  COLLECTED 1 8 7 ~  3~ 

Gunnison, Utah 
Ki rby  P i c k e t t  

(64O, 286 mi) 

Hinckley,  Utah 
Walt Ekins  

(57O, 252 mi) 

Holden, Utah 
Evan S tevens  

(62O, 262 mi) 

Lynndyl, Utah 
Howard N i e l s o n  

(56O, 27 2 mi) 

Mant i ,  Utah 
L y l e  Alder  

(63O, 297 m i )  

S p r i n g  1400 
12/11/68 

S p r i n g  1200 
121 12 /68  

w e l l  1.620 
12/10/68 

S tock  1745 
Tank 121 11/68 

S t o c k  1200 
Tank 12/12/68 

S tock  1100 
Tank 12/13/68 

S tock  
Tank 

S t o c k  
Tank 

S t o c k  
Tank 

S t o c k  
Tank 

S t o c k  1210 
Tank 12/10/68 

S t o c k  17 15 
Tank 12/11/68 ' 

S t o c k  17 00 
Tank 12/12/68 

a 
A c t i v i t y  a t  t i m e  o f  c o l l e c t i o n  
Domestic w a t e r  s u p p l y  

NA = No a n a l y s i s  



APPENDIX' H. (concluded) 

NEAREST TOWN and LOCATION SAMPLE TIME- ISOTOPIC RESULTS a 
SOURCE DATE (pCi/ 1) 

a 

(Azimuth, D i s t a n c e )  COLLECTED 187w 3~ 

M i l l s ,  Utah S tock  17 00 <50  NA 
Tank 121 10168 

" .  
Clay ton  Wil l iams 

(5g0, 287 mi) S tock  1200 660 NA 
Tank 12/11/68 

S tock  1110 < 50  NA 
Tank 12/12/68 

Oak C i t y ,  Utah 
D . J .  F i n l i n s o n  

(58O, 268 mi) 

Redmond, Utah 
Merrill Hampton 

(66O, 279 mi) 

S p r i n g  Glen,  Utah 
Blue H i l l  Dairy  Farm 

(62O, 348 mi) 

S tock  
Tank 

S tock  
Tank 

Stock 
Tank 

S tock  
Tank 

S tock  
Tank 

S tock  
Tank 

S tock  
Tank 

S p r i n g  Glen,  Utah S tock  1025 
John J.  Thayn Tank 12/13/68 

(63O, 354 mi) 

Wendover, Utah 
S t a t e  L ine  Cafe  

(30°, 271 mi) 

a 
~ c t i v i t y  a t  t i m e  of c o l l e c t i o n  
Domestic w a t e r  s u p p l y  

NA = No a n a l y s i s  . . 



APPENDIX I. Calculation of Radiation Dose Equivalent to the Gastrointestinal 
Tract from the Ingestion and Inhalation of la7w. 

Since elemental tungsten or its compounds are generally insoluble, the 

critical organ for ingested or inhaled 1 8 7 ~  is the gastrointestinal (G.1.) 

tract. 

187w 
Dose from In~ested 

For estimating the radiation dose equivalent to the various compartments * 
of the G.I. tract, the model (Figure 1) recommended by ICRP-2 was used. The 

model is for a single intake, Ao, of 187~. A represents the initial quantity 
0 

of 187~ ingested reaching the stomach, and A A2, and A are the quantities 3 
entering the other compartments. The quantity of 1 8 7 ~  is corrected for radio- 

active decay by the term e -0.693t1r where t is the time from ingestion and r 

is the radioactive half-life of 187~, 24.0 hours. 

According to the ICRP model, the ingested radioactivity is assumed to. 

remain in the stomach for exactly one hour with the dose equivalent (D.E.) 

to the lining of the stomach being one-half of the total D.E. to its con- 

tents. No adsorption of the stomach contents is assumed to occur. With 

these assumptions and the above model, the dose-rate equation for the 

stomach at any time t between 0 and 1 hour becomes d(D.E.1 = + 
KEeffAoe 

-0.693tl.r 

dt W 

where K = a dimensional constant, 51 (rem) (dis) (g) 
(MeV) (vCi) (day) 

E = effective energy per disintegration, MeVIdis 
f f. 
A. = initial quantity of 1 87~ entering organ, vCi 

W = organ weight, g 

t = time after ingestion, hours 

T = half-life for tungsten, 24 hr. 

* "Report of Committee I1 on Permissible Dose for Internal Radiation." 
Recommendation of the International Commission on Radiological 
Protection ICRP Publication 2. Pergaman Press, New York. 1959. 



187w 
Figure 1. Schematic of Dose Equivalent Model for Ingested 

187w 
Ao, pCi of 

I '  Stomach I 
s of contents :5:rg 1 
Retention time 

Effective energy 0.44 Me~/dis 

Small Intestine I I Mass of contents 1100 g I I Retention time 4 hrs I' 
Effective energy 0.68 MeV/dis 

1 

: Upper Large Intestine 

Mass. of contents 135 g 

Retention time 8 hrs 

Effective energy 0.36 MeV/dis 

Lower Large Intestine 

Mass of contents 150 g 

Retention time 18 hrs 

Effective energy 0.36 MeV/dis . 
I * . Elimination 



The total dose equivalent to the stomach is estimated by integrating tl 

above equation from the time of ingestion (t = o) to the end of the retention 

period in the stomach (1 hr). 

D. E. = %x5l(rem)(dis)(g) x 0.44MeVxAo e 
(MeV) (uCi) (day) dis 

J 
'LSUg 0 

- (0.693) (1 

= [(day)(uCij[ 0.0449 rem (24 hr) (1-e 0.693 24 '1 (day 1 
(24 hr) 

For the other compartments of the G.I. tract the dose equivalent equation 

below is based upon the assumption that the quantity of radioactivity reaching 

a particular compartment remains constant during its passage through the 

compartment with no adsorption of compartment contents. The equation is as 

follows with T = retention time in the compartment and t = the time between 

ingestion and the time the activity reaches the compartment. 

-(0.693) (t) 

With this equation applied to each compartment of the G.T.. tract, 

-(O. 693) (I) 

D. E. (small intestine) = (51) (0.68) (4)Aoe 
2 4 

D. E. (upper large intestine) = (51) (0.36) (8)e 24 

(2) (135) (24) 

= (0.020 rem/p Ci) (A- or 20 mremlp Ci)A_ 

D. E. (lower large intestine) = (51) (0.36) (18)e 2 4 

( 2 )  (150) (24) 



187w 
Dose from Inhaled 

The estimation of radiation dose to body organs from the inhalation of 

18'w is based uppn the ICRP-2 dose model below. 

A , quantity inhaled 0.25 A n , quantity exhaled 

Upper Respiratory Passages 0.5 A 
0.75 A. 

0 

i 

3 7 

Lower Respiratory Passages 
0.25 A 

0 
I 

0.125 A. with T = 120 days 

I 
112 

Blood 

0.625 A to 
0 G. I. tract 

For insoluble material such as tungsten, the critical organ will be the 

G. I. tract, specifically the lower large intestine. The dose equation for 

inhalation would then be 

D(Lower Large Intestine) = (0.625)(32 mrem/UCi)A 
0 

= (20 mrem/pCi)A 
0 
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