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ABSTRACT 

P r o j e c t  SCHOONER, a nuclear  c r a t e r i n g  event w i t h  approximately e i g h t  t o  

t en  t imes the y i e l d  o f  two previous Nevada Test  S i t e  c r a t e r i n g  events, PALANQUIN 

and CABRIOLET, o f f e r e d  the oppor tun i ty  t o  f u r t h e r  i n v e s t i g a t e  r a d i a t i o n  doses and 

shor t - te rm e f f e c t s  t o  vegetat ion and the environment, where a l a r g e r a f f e c t e d  

area was a n t i c i p a t e d  and where topography might  be expected t o  f u r t h e r  i n f l uence  

the  r e s u l t s  o f  c l ose - in  f a l l o u t .  

Speci a1 l y  constructed dosimeters were p l  aced a t  92 l oca t i ons  , forming 

an a r c  w i t h  a rad ius  o f  approximately 1.7 t o  2.0 km, beginning about 12 degrees 

west o f  n o r t h  w i t h  respect  t o  GZ. This  a rc  was about 3.35 km long w i t h  a mean 

d is tance between dosimeter s t a t i o n s  of 36 meters. Dosimeters were pos i t i oned  i n  

v e r t i c a l  arrays a t  25 cm, 1 meter4 and 3 meters above the  sur face away from 

shrubs, as we l l  as on the  s o i l  surface, and on shrubs. To determine whether pre-  

vent ing  d i r e c t  f a l l o u t  from reaching the  shrubs would p r o t e c t  them, polyethy lene 

sheets were placed over  shrubs a t  a l t e r n a t e  s ta t i ons .  

Twelve days a f t e r  detonat ion the dosimeters were removed from the  

f i e l d  and the p r o t e c t i v e  sheets were removed. No e f f e c t s  were observed on the 

vegeta t ion  except a dusty covering on the unprotected shrubs. I n  Apr i  1 ( D  p lus  

4 months) the  f i r s t  e f fects a t t r i b u t a b l e  t o  r a d i a t i o n  were noted. During the 

f o l l o w i n g  months . . a t  the center  of the  f a l l o u t  p a t t e r n  a l l  Artemisia shrubs l o s t  

t h e i r  leaves and d ied  except those which had been covered w i t h  p l a s t i c  sheets. 

Elsewhere along the a rc  the re  was a " s k i r t i n g  e f f e c t "  i n  which the  lower pa r t s  

o f  l a r g e r  shrubs were d e f o l i a t e d  w h i l e  t he  tops remained near normal. Small 

shrubs were completely k i  1 led .  I nc reas ing l y  l a r g e r  shrubs were. k i  1 l e d  w i  t R  

h igher  doses. Beyond the dosimetry a rc ,  a h e l i c o p t e r  survey a l lowed an assess- 

ment o f  t he  ex ten t  of vegetat ion damage. South o f  the c ra te r ,  s tudy s i t e s  were 

es tab l i shed  i n  the  most d iverse  environments r e s u l t i n g  from the  c r a t e r  formation. 

Vegetat ion analys is  a t  these s i t e s  showed succ.essiona1 changes which might  be ex- 

pected t o  r e t u r n  the  area t o  condi t l o n s  approximati  ng undisturbed condi ti ons. 
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1 . INTRODUCTION . . .  

P r o j e c t  SCHOONER, a nuc lea r  'excavat ion exper iment i n  a  l aye red  tu f face- .  

ous medium, o f f e r e d  an o p p o r t u n i t y  t o  i n v e s t i g a t e  r a d i a t i o n  doses t o  t h e  l o c a l  

environment f rom a dev ice approx imate ly  e i g h t  t o  t en  t imes as l a r g e  as those used 

i n  PALANQUIN and CABRIOLET, two prev ious nuc lea r  c r a t e r i n g  p r o j e c t s  i n  t h e  PLOW- 

SHARE program. SCHOONER was detonated on 8 December 1968 i n  t he  nor thwest  co rner  

o f  Nevada Tes t  S i t e  (NTS) i n  Area 20 and a few m i l es  n o r t h  o f  t he  PALANQUIN and 

CABRIOLET s i t e s .  The y i e l d  w& 31 - + 4 k t ,  and t h e  r e s u l t i n g  c r a t e r  had t h e  f o l -  

l ow ing  dimensions : 

1. Radius o f  apparent c r a t e r  129.8 meters 

2. Maximum ,depth o f  apparent c r a t e r  '63.4 meters 

3. Average apparent c r a t e r  l i p  c r e s t  h e i g h t  13.4 meters 

4. Radi i s  of apparent ' 1  i p c r e s t  14712 meters 

5. .Radius o f  o u t e r  boundary o f  cont inuous e j e c t a  539.0 meters 

1.1 TOPOGRAPHY 'AND VEGETATION 

The area imme'diately around the  SCHOONER' GZ i s  f l a t ,  b u t  a t  d is tances  o f  

1500 t o  1800 meters t o  t he  n o r t h  and somewhat f a r t h e r  t o  t he  no r theas t  t h e r e ' i s  

a  canyon w i t h  a  bottom some 60 meters lower  i n  e l e v a t i o n .  The canyon w i d t h  

va r i es  f rom 2 5 0 , t o  370 meters, and t h e  canyon bottom i s  f l a t ,  a l l o w i n g  access 

w i t h  four -whee l -d r i ve  t r u c k s  f o r  the  placement o f  dos imetry  s t a t i o n s .  Outs ide 

t h e  canyon t h e r e  i s  ve ry  l i t t l e  s o i l ,  and t h e  sur faces a re  mos t l y  outcroppings o f  

n e a r l y  f l a t - l y i n g  welded t u f f .  I n  t he  canyon bot tom are  a l l u v i a l  l a y e r s  i n  gen- 

e r a l l y  d r y  stream beds. Above t h e  canyon . the vege ta t ion  i s  dominated by Artemisia 

tridentata and A. arbuseuZa subsp. nova. I n  t h e  canyon, dominance i s  shared w i t h  

AtripZex canescens. These Artemisia species were impo r tan t  t o  t h i s  s tudy because 

they  a l s o  occur red  a t  PALANQUIN and CABRIOLET and were t h e  s u b j e c t  o f  i n v e s t i g a -  

ti on o f  r a d i  a t i  on e f f e c t s  from those events.  Approximately some 16 perenni a1 

shrub species a re  a l s o  found i n  t h e  SCHOONER , f a l l o u t  p a t t e r n .  These are l i s t e d  

i n  Appendix A. Jwziperus osteosperma which was o f  i n t e r e s t  a t  PALANQUIN and 

CABRIOLET d i d  no t ,  u n f o r t u n a t e l y ,  occur  a t  SCHOONER, which was a t  a  somewhat 

1  ower e l e v a t i o n .  



I t  should be po in ted out  t h a t  t he  topography i n  the  immediate downwind 

area o f  SCHOONER was q u i t e  d i f f e r e n t  from t h a t  a t  e i t h e r  PALANQUIN o r  CABRIOLET. 

A t  those' two experiments the  d i  r e c t i  on o f  the  fa1  1 ou t  d i  s  tri b u t i  on was para1 l e l  

w i t h  the d i r e c t i o n s  o f  canyons, and the  f a l l o u t  occurred mainly along .ridges. 

A t  SCHOONER, however, a t  the  distances a t  which the dosimeters were placed, the  

canyon roughly e n c i r c l e d  the  GZ across the  n o r t h  and northeast,  which was neces- 

s a r i l y  transverse t o  f a l l o u t  o r i g i n a t i n g  a t  GZ. As w i l l  be discussed l a t e r ,  

these condi t ions were of s ign f icance i n  i n t e r p r e t i n g  d i f fe rences noted between 

SCHOONER and e a r l i e r  c lose- in  f a l l o u t  s tudies of areas downwind t o  nuclear  cra- 

t e r i  ng experiments. 

1.2 HISTORY AND BACKGROUND 

The two e a r l i e r  events i n  the  PLOWSHARE program, PALANQUIN and CABRIOLET, 

both provided evidence of r a d i a t i o n  damage t o  the  vegetat ion i n  the  c lose- in  fa1 l- 

o u t  pat te rns .  P r o j e c t  PALANQUIN, which was detonated 14 A p r i l  1965, used a small 

device o f  about 4 k i l o t o n s  t h a t  produced a c r a t e r  approximately 350 f e e t  i n  d i -  

ameter. Vegetation i n  the  immediate downwind v i c i n i t y  was est imated t o  have re-  

ceived h igh  (k i loroentgen) doses of r a d i a t i o n l .  On t he  margins and downwind ex- 

t r e m i t i e s  of the r a d i a t i o n  p a t t e r n  and i n  o the r  par ts  as we l l  ., however, the  

nature  o f  the  damage t o  the vegetat ion and the low est imates f o r  the  gamma doses 

i n d i c a t e d  the damage was i n  a l a rge  measure due t o  beta rad ia t i on .  A t  S t a t i o n  

,K-5 (Reynolds E l e c t r i c a l  and Engineering Company radio1 og ica l  sa fe ty  moni tor  s ta-  

t i o n )  2.05 mi les  downwind from GZ, the  est imated i n f i n i t e  gamma dose was 370 R*. 

A t  t h a t  l o c a t i o n  a l l  Arternisia shrubs were dead i n  J u l y  1967, 27 months a f t e r  

.. D-day. 

Although gamma r a d i a t i o n  doses t o  the  vegetat ion could be ca l cu la ted  

.from the rad i  01 og i  c a l  sa fe ty  moni tor ing which accompanied t h e  experiment, these 

dose estimates were necessar i l y  based on decay ra tes  which were known t o  vary from . 
place t o  place. Beta dose estimates would be much less  r e l i a b l e  s ince they would 

have t o  be made by m u l t i p l y i n g  the est imated gama doses by fac to rs  der ived from I 

a theore t i ca l  r a t i o  o f  t h e  beta dose t o  the gamma dose. The est imated values f o r  

these.  r a t i o s  have been la rge2.  

*Estimated by Thomas A. Gibson, J r .  , K. D iv i s ion ,  Lawrence Radiat ion Laboratory. 

* 



As a  consequnce of the  PALANQUIN study, the C A B R I O L E T ~ ~ ~ ~ ~ ,  26 January 

1968, was a l so  inves t iga ted .  CABRIO'LET was a  i r a t e k i n g  experiment' us ing  a  dev- 

i c e  o f  2.3 - + 0.5 k t .  I t  occurred about 800 meters eas t  o f  PALANQUIN. For 

CABRIOLET, dosimeters especi a1 l y  designed t o  d i s t i n g u i s h  between beta  doses and 

gamma r a d i a t i o n  doses were p laced a t  58 l o c a t i o n s  on D minus 1  day i n  order  t o  

assure b e t t e r  in fo rmat i  on on doses t o  the vegetat ion.  These bosimeters were re -  

covered from the  f a l l o u t  p a t t e r n  on D p lus  11 days. The. t o t a l  doses were very 
. +  low compared t o  the  doses est imated f o r  areas a t  s i m i l a r  l oca t i ons  r e l a t i v e  t o  

PALANQUIN GZ, b u t  damage t o  the vegeta t ion  was again detected, al though i t  was 

r e s t r i c t e d  t o  a  smal l  area. On the  basis  o f  the  dosimetry, the doses i n  t he  p a r t  

o f  the  f a l l o u t  p a t t e r n  where damage was noted were a l so  a t t r i b u t e d  l a r g e l y  t o  

beta r a d i a t i o n ,  s ince the  r a t i o s  o f  beta doses t o  gamma doses ranged from 6.0 t o  

12.5. 
. : 

This appears t o  have been the  f i r s t  extensive measurement o f  beta doses. ,;!; 
i n  a  f a l l o u t  f i e l d ,  p a r t i c u l a r l y  under cond i t ions  which would permi t  a t t r i b u t i n g  .' 

such doses t o  exposed vegetat ion.  

OBJECTIVES 

The ob jec t ives  o f  the  SCHOONER study were s i m i l a r  t o ,  and i n  l a r g e  meas- '$ 
ure i n f l uenced  by, the  study of r a d i a t i o n  doses and shor t - te rm e f fec ts  on vegeta- 

ti on conducted a t  CABRIOLET. The f o u r  pr imary o b j e c t i  ves were: 

1. To measure w i t h  p r e c i s i o n  the r a d i a t i o n  doses t o  the  vegetat ion 

from both beta and gamma r a d i a t i o n  from f a l l o u t  c lose - in  t o  GZ, 

and t o  ob ta in  some i n d i c a t i o n  o f  the  be ta  f l uxes ,  o f t e n  r e f e r r e d  

t o  as the "beta bath",  from the ground sur face t o  3.0 meters above 

it. 

2. To detec t  p l a n t  damage and c o r r e l a t e  i t  w i t h  doses which could be 

a t t r i b u t e d  t o  the vegetat ion, and t o  r e p o r t  the  shor t - te rm (few 

months) and long-term (years)  rad i  a t i o n  e f f e c t s .  

3. To assess vegetat ion damage i n  terms o f  r a d i a t i o n  l e v e l s  encoun- 

te red  and compare the  r e s u l t s  w i t h  those from the two preceding 

events, PALANQUIN and CABRIOLET. 



To inves t iga te  the  use o f  sh ie ld ing  t o  prevent r a d i a t i o n  damage 

t o  shrubs from d i  r e c t  fa1  l o u t  deposi t ion.  s i n c e  beta doses a t  

CABRIOLET were postu la ted t o  be an important  cause o f  damage t o  

the vegetat ion, i t  appeared t h a t  any p r o t e c t i v e  ma te r ia l  which 

would prevent fa1 l o u t  p a r t i c l e s  from reaching the  surfaces o f  

shrubs might a l so  prevent some bet; r a d i a t i o n  ;darnage. 



2. PROCEDURE 

2.1 DOSIMETRY TECHNIQUES 

Most o f  the objectives o f  t h i s  study required the same type o f  inten- 

s ive dosimetry program undertaken i n  the CABRIOLET study, plus cer ta in  re f ine-  

ments i n  measurements and the design and deployment of dosimeters. The SCHOONER 

dosimetry program i s  documented i n  de ta i l  i n  Appendix B. This sect ion sumnarizes 

the design, f ie ld ing ,  and recovery o f  dosimeters. 

Special thermolurninescent dosimeters, s l i g h t l y  modified from those used 

a t  CABRIOLET3 and capable o f  d is t inguish ing between doses from beta rad ia t ion  and 

gamma radiat ion,  were used t o  determine doses t o  vegetation. The dosimeters were 

covered w i th  black opaque Mylar l i g h t  shields t o  prevent the degradation o f  re- 

corded dose by fading i n  sunl ight ,  a process tha t  handicapped the CABRIOLET dosi- 

metry. I n  addit ion, lead shields placed above o r  below the dosimeter ships were 

used t o  more prec ise ly  del ineate the or ig ins o f  the beta doses. 

Experience a t  CABRIOLET suggested t h a t  dosimeters posit ioned 3 t o  4 

meters above the surface would be above the beta "bath". I n  a f u r t he r  attempt t o  

dist ingush the beta energies encountered and the sources o f  beta doses t o  plants, 

dosimeters were placed 3 meters above the surface, as wel l  as a t  the surface and 
a t  25 cm and 1 meter above the surface. The dosimeters were held on a ve r t i ca l  

w i re  between upper and lower side arms on s tee l  fence posts bo l ted together t o  

provide s u f f i c i e n t  height, as shown i n  Fig. 1. The wi re  s t r inger  he ld  the dosi- 

meters between side arms away from the posts, thereby reducing the shielding 

masses near the dosimeters and l i m i t i n g  the surfaces on which f a l l o u t  par t i c les  

could be retained t o  essent ia l ly  the surfaces o f  the dosimeters themselves, the 

soi  1 surface, o r  the surrounding vegetation. 

Although tests  i n  the  laboratory and i n  open sunl ight  a t  Santa Barbara 

indicated there was no loss of dose from dosimeters l e f t  unread f o r  extended 

times, one fu r the r  t e s t  was made f o r  loss o f  dose before readout. I n  t h i s  tes t ,  

s t r ings o f  dosimeters were placed outside the C i v i l  E f f ec t  Test Operations (CETO) 

Laboratory a t  Mercury, Nevada, concurrently w i th  the f i e l d i n g  o f  SCHOONER dosi- 

meters. These dosimeters, which had been given standard doses o f  500 rads i n  
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F ig .  1 Details of dosimeter placemnt and polyethylene shrub cover along tha statian arc nortk and east of GZ.  



the l abo ra to ry  a t  Santa Barbara, were c o l l e c t e d  fo r  readout a t  the  same t ime as 

the SCHOONER dosimeters. 

2.1.1 , Locat ion  and Placement o f  Dosimeter S ta t ions  

An attempt was made t o  l oca te  t h e  dosimeters where the  h ighes t  doses 
/ 

would be observed, bu t  beyond the l a r g e r  masses o f  ma te r i a l  from throwout and 

, . base surge. For t h i s  purpose, i t  was f e a s i b l e . t o  use the  canyon described prev- 

i ous l y ,  loca ted  no r th  and nor theas t  o f  GZ, and which .forms an. i r r e g u l a r  semi- 

c i r c l e  from west t o  eas t  (see Fig. 2).  Th is  l o c a t i o n  'was' ca l cu la ted  t o  be about 
. . 

t he  same r e l a 4 v e  d is tance as t h a t  a t  which dosimetry had been placed a t  CABRIO- 

LET, based on . the cube r o o t  of the k i lo tonnages4 o f  t he  two events. 

Dosimeters were p laced a t  92 l oca t i ons ,  forming an a r c  w i t h  a rad ius  o f  

approximately 1 .7  t o  2.0 km, beginning about 12 degrees west o f  no r th  w i t h  res-  

pect  t o  GZ. This  a r c  was about 3.35 km long w i t h  a mean d is tance between dosi -  

meter s t a t i o n s  o f  36 meters. A1 1 dosimeters except those on shrubs covered w i t h  

polyethy lene ' (Sec t ion  2.3) were p laced i n  the f i e l d  November 12-14, 1968, i n  an- 

t i c i p a t i o n  o f  an e a r l i e r  D-day. The l oca t i ons  o f  t he  dosimetry s t a t i o n s  are  

shown i n  F ig.  2, which a l s o  i nd i ca tes  the c r a t e r ,  the  p la teau around the  c r a t e r ,  

and the  canyon on the  no r th  and eas t  o f  the plateau. 

I 2.1.2 Recovery o f  Dosimeters 

Dosimeters were removed from the f i e l d  20 December 1968, on D p lus  12 

days, and re turned to, the  l abo ra to ry  a t  Santa Barbara f o r  reading by' the same 

methods used p rev ious l y  (see Appendix B) . 
A t  the t ime the  dosimeters were co l l ec ted ,  r a d i a t i o n  dose r a t e  readings 

were made a t  each dosimeter s t a t i o n  by Reynolds E l e c t r i c a l  and Engineering Com- 

pany (REECO) r a d i  01 ogi  cal. safety mon i to r ing  personnel i n  t he  convent ional manner, 

i .e . ,  w i t h  an inst rument  probe h e l d  about 1 meter above the  ground surface. The 
1 

purpose was t o  a l l ow  eva lua t ion  o f  t he  usefulness o f  such methods as an i nd i ca -  

t i o n  o f  the  t o t a l  dose compared t o  the  doses i n teg ra ted  by the dosimeters. 

2.2 FALLOUT COLLECTION 

For the  p u r p o s e o f  es t ima t ing  the  t o t a l  ahount o f  ma te r i a l  deposited 



Fig. 2. SCHOONER c ra te r  and the l oca t i on  o f  the dosimetery s ta t ions  t o  the nor th  
and east o f  i t . . l . .  . . 



a t  each dos imeter  s t a t i o n ,  c o l l e c t o r s  were p laced  a t  each l o c a t i o n .  The c o l l e c -  

t o r s  cons i s ted  o f  1/4-meter-square plywood sheets covered w i t h  a  l a y e r  o f  p o l y -  

e thy lene  sheet topped w i t h  a  double l a y e r  o f  cheesecloth.  The board was covered 

i n  such a way as t o  a l l o w  the  p l a s t i c  sheet t o  be loosened f rom the  back o f  t h e  

board and drawn w i t h  t h e  edges t oge the r  i n t o  a  "bag" w i t h  t he  cheesecloth 

i n s i d e .  

Dosimeters f o r  r eco rd ing  "sur face doses" were fastened t o  t h e  cen te r  o f  
A 

each f a l l o u t  c o l l e c t o r .  

2.3 PROTECTION OF VEGETATION FROM PARTICULATE FALLOUT MATERIAL 

A t  each even-numbered dos imetry  s t a t i o n ,  a  po lye thy lene  sheet  0.15' mm 

t h i c k  and approximately 6 meters square was p laced  over  as many Artemisia s h r d  

as cou ld  be conven ien t l y  covered. The sheets were h e l d  down by s o i l  shoveled on 

t h e i r  margins. A t  t he  same t ime,  f o u r  dosimeters were p laced  on t h e  shrubs under 

t h e  p l a s t i c  covers as w e l l  as on nearby shrubs which were n o t  covered. Th i s  was . 

completed November 30, 1968 (D  minus 8 days). The covers were removed f rom the  

vege ta t i on  on D p l u s  12 days, a t  the  same t ime  t h e  dosimeters were removed from 

the  f i e l d .  

2.4 ASSESSMENT OF EFFECTS ON VEGETATION ALONG THE DOSIMETRY ARC 

Exami.nation o f  t h e  vege ta t i on  began a t  t he  t ime  o f  removal o f  dosimeters 

f rom t h e  f i e l d .  Eva lua t i on  o f  e f f e c t s  was done i n  a  number o f  ways. 

From Appendix A i t  w i l l  be no ted  t h a t  a  r e l a t i v e l y  l a r g e  number o f  per-  

e n n i a l  shrubs grow i n  t h e  area. However, Artemisia was t h e  o n l y  species which 

occur red  w i t h  s u f f i c i e n t  frequency t o  p rov ide  an adequate ana l ys i s ,  t h a t  i s ,  t o  

p rov ide  s u f f i c i e n t  numbers f o r  any s t a t i s t i c a l  t reatment .  For t h i s  reason t he  

vege ta t ion  s tudy was p r i m a r i l y  concerned w i t h  Artemisia. Outs ide  t h e  area a long  

t he  a r c  o f  dosimeter s t a t i o n s ,  o t h e r  shrubs were u t i l i z e d  where p u r e l y  descr ip -  

t i v e  analyses, cou ld  p rov ide  a more genera l  p i c t u r e  i n  t h e  re1  a t i  v e l y  1  arge area 

a f f e c t e d  by SCHOONER. 

The f i r s t  examinat ion was a s imp le  v i s u a l  comparison of  vege ta t i on  i n  

and o u t  of t he  f a1  l o u t  p a t t e r n .  The rea f t e r ,  these comparisons con t inued  a t  

monthly i n t e r v a l s ,  as weather cond i t i ons  permi t ted ,  u n t i l  man i f es ta t i ons  o f  dam- 

age were noted. 



With the  f i r s t  evidence o f  changes i n  t he  vegetat ion ,near t he  center  o f  . . 

t he  fa1, lout  p a t t e r n  - changes which cou ld  be a t t r i b u t e d  t o  f a l l o u t  r a d i a t i o n  - 
several  more d e t a i l e d  methods were employed. . . 

. .  . 

I n  August 1969, the  dosimeter support stake a t  each s t a t i o n  was used as 

the  center  p o i n t  f o r  a f ive-meter- radius c i r c l e  i n  which a l l  Artemisia shrubs 

were c l a s s i f i e d  according t o  f i v e  categor ies o f  damage by means o f  v i s u a l  e s t i -  

mates. From e a r l i e r  experience a t  CABRIOLET3 i t  was shown, f o r  example, t h a t  the 

absence o f  in f lo rescence development ( t h e  growth o f  branches on these shrubs 

which i n  succeeding months, usua l l y  September, c a r r i e s  the  f lowers)  was a char- 

a c t e r i  s t i  c s ign  of r a d i a t i o n  damage. A second cha rac te r i  s t i  c evidence o f  damage 

'was t h e  l oss  of leaves. Shrubs cou ld  the re fo re  be categor ized as fo l l ows :  

1. 0% '- No v i s u a l  damage, shrub w i t h  normal in f lo rescence 

development . 
2. 25% - Approximately 25% o f  the  shrub showing damage v iz . ,  l oss  

o f  leaves approximating t h a t  amount and showing suppressed i n -  

f lorescence development o r  absence o f  in f lo rescence development. 

3. 50% - Approximately 50% o f  t he  shrub showi ng -damage as i n 

Category 2. 

4. 75% - Approximately 75% o f  the shrub showing damage as i n  

Category 2. 

5. 100% - Dead, i .e., completely de fo l i a ted ,  o r  remaining f o l i a g e  

d ry  and gray-brown and sub jec t  t o  f a l l  when d is turbed.  

This  same damage survey method was repeated l a t e r  a t  each dosimeter 

s t a t i o n  over  an area w i t h  a 10-meter rad ius  i n  o rder  t o  increase the  sample 

s i ze .  

I n  the p a r t  of the f a l l o u t  p a t t e r n  w i t h  s i g n i f i c a n t  e f f e c t s ,  a f u r t h e r  

ana lys is  o f  cond i t ions  i n  Artemisia was made. A t  each s t a t i o n  about 100 shrubs 

were measured f o r  s i z e  us ing  meter s t i c k s .  The he igh t  was taken and two diame- 

t e r s  a t  r i g h t  angles were measured. With these measurements and the  assumption 

the  shrub was a cy l i nde r ,  the volume was ca l cu la ted  us ing the mean o f  the two 

diameters as the  diameter o f  a shrub. This  l a s t  eva lua t i on  was made i n  A p r i l  



1970, a t  which time there was no longer any uncertainty as t o  whether plants 

were a l i v e  o r  dead (Categories 1 and 5, respect ively) .  The examination there- 

fore involved p r imar i l y  three estimates, t ha t  i s ,  the placement i n t o  the cate- 

gories o f  25%, 50%, o r  75% defo l ia t ion.  

2.5 ASSESSMENT OF DAMAGE AT LOCALITIES OTHER THAN DOSIMETRY STATIONS 

I n  an attempt t o  assess the extent of damage beyond the arc o f  dosimeter 

stat ions t o  which the above invest igat ion had been res t r i c ted ,  most o f  the area 

outside the 1-mile radius from GZ was surveyed i n  two ways. The area immediately 

downwind o f  the f a l l o u t  pattern was covered extensively on foot,  o r  by t ruck 

where the t e r r a i n  permitted. Because the damage zones extended i n t o  some very 

rough ter ra in ,  the services o f  a he l icopter  and p i l o t  were secured. From a h e l i -  

copter vegetation could be examined from r e l a t i v e l y  short distances wi th  great 

mobi l i ty ,  and a map could be drawn which i n  a general way out l ined the areas 

around GZ i n  which vegetation damage was detected. The examination by hel icopter 

was made i n  January 1970, 13 1/2 months a f t e r  D-Day, which was s u f f i c i e n t  time 

f o r  one complete growth cycle. During t h i s  time, de fo l ia t ion  became nearly com- 

p le te  on k i l l e d  shrubs. Among those which were only damaged, some recovery i n  

the form o f  new growth could be observed. This was not s u f f i c i e n t  time, however, 

f o r  regrowth t o  obscure the damaged conditions t o  the extent o f  complicating 

damage estimates unduly. 

2.6 ASSESSMENT OF VEGETATION DAMAGE SOUTH (UPWIND) OF SCHOONER CRATER 

During October 1970 an assessment was begun o f  conditions i n  the vege- 

t a t i on  upwind t o  the GZ i n  the regions af fected by base surge material.  The 

survey extended i n t o  areas where the rad ia t ion  background was normal and where 

the vegetation was unaffected. 

Five s i t es  were selected t o  represent the broadest spectrum o f  post- 

detonation environments which might r e s u l t  from a nuclear crater ing experiment 

(see Fig. 3). The f i r s t  s i t e  chosen was about 50 meters west o f  the c ra te r  l i p  

i t s e l f ,  a new and obviously s t e r i l e  environment w i th  a very heavy overburden o f  

crater  ejecta, and a r e l a t i v e l y  high rad ia t ion  area. The second s i t e  chosen was 

a t  the approximate boundary o f  continuous overburden, an area w i th  a few cent i -  

meters o f  f i n e  dusty mater ia l  and scattered large boulders. The area was one 



Fig. 3 Approximate locat ion of s i tes  used f o r  invest igat ion o f  e f fec ts  on 
vegetation from nuclear crater ing upwind (south) o f  GZ. 



which had been subject t o  shock, b las t ,  and bombardment s u f f i c i e n t  t o  destroy 

most o f  the above-ground parts o f  perennial shrubs. The t h i r d  s i t e  was p r i nc i -  

p a l l y  beyond the crater-ejected material,  without bSast o r  overburden but  w i t h i n  
the base surge where large radfat ion doses had k i l l e d  a l l  Artemisia. The four th  

s i t e  chosen was essent ia l ly  a t  the periphery o f  the base surge a t  a po in t  where 

approximately 50% o f  a l l  Artemisia shrubs were defo l ia ted and dead i n  October 

1970. The f i f t h  s i t e  chosen was fa r the r  south and beyond the area v i s i b l y  af-  
fected by SCHOONER. This s i t e  served as a nonirradiated, nondisturbed control  

area. 

A t  each s i t e  t r i p l i c a t e  5-meter-radius c i r c l es  were establ ished w i th in  
which each l i v i n g  perennial and annual p lant  was i d e n t i f i e d  and the approximate 

surface area i t  covered was measured. From these data the frequency o f  occur- 
rence o f  a pa r t i cu la r  species could be calculated as wel l  as the proport ionate 

pa r t  o f  the area covered by each ind iv idual  species w i t h in  the 78.5 square meters 
encompassed w i t h i n  each c i r c l e .  

Detai ls o f  density and cover calculat ions,  w i t h  a complete l i s t  o f  

species, are given i n  Appendix C. 



3. RESULTS 

3.1 POST-SHOT CONDITIONS ALONG THE DOSIMETRY ARC 

When the dosimeters were removed from the f i e l d  on D plus 12 days, the 

ground was covered i n te rm i t t en t l y  w i th  a t h i n  layer  o f  snow (see Fig. 4). How- 

ever, since the snow apparently d i d  no t  f a l l  u n t i l  December 15 o r  16 (0 plus 7 

o r  8 days), i t could no t  have had the large e f fec ts  on the t o t a l  dose which 

might have been expected had a mantle o f  snow covered the area a t  the time the 
fa l l ou t  was deposited. (ESSA* reported only 0.25 inches t o t a l  p rec ip i t a t i on  for  

Pahute Mesa f o r  the en t i  re month o f  December 1968.) 

Both the s o i l  surface and vegetation along the northeastern segment o f  
the arc  o f  dosimeter stat ions were covered w i th  a l i g h t  gray dust. Because o f  

the snow, the high winds a f te r  shot time, and the d iurna l  freeze-thaw cycles, 

snow and f a l l o u t  mater ia l  were of ten intermixed a t  the s o i l  surface. For t h i s  

reason i t was no t  p rac t i ca l  t o  use the surface f a l l o u t  co l lec to rs  which had been 
placed i n  the f i e l d  f o r  the purpose o f  estimating t o t a l  f a l l ou t .  Some had been 

swept c lear  o f  f a l l o u t  by the winds and some contained small d r i f t s  o f  f a l l ou t -  
snow mixtures, o f ten frozen i n t o  i c y  cakes. S imi lar ly ,  the polyethylene sheets 

covering the shrubs of ten had mixtures o f  snow and fa l l ou t  on t h e i r  outer sur- 
face, sometimes frozen i n t o  large heavy cakes. The margins o f  the polyethylene 

sheets were frequently frozen t o  the s o i l  surface by i c e  formed from melt ing 

snow. 

Because o f  these conditions the p l a s t i c  sheets were pu l led  o f f  the 

shrubs w i th  the i c e  and f a l l o u t  mater ia l  s t i l l  on them and l e f t  i n  loose r o l l s  a t  

one side o f  the area they had previously covered. Despite evidence o f  high winds 

i n  the area, essent ia l ly  a l l  the polyethylene sheets were in tac t .  Only on the 

eastern por t ion o f  the arc, a t  the mouth of the canyon, was there damage t o  the 

shrub covers, and th is ,  for tunately,  was i n  an area w i th  very low doses - too 

low t o  be o f  i n te res t  t o  t h i s  study. 

*Environmental Sciences Service Administration 





3.2 COMPARISON OF THE INTEGRATED GAMMA DOSES WITH THE DOSE RATE AT D PLUS 
12 DAYS 

Readout o f  the  gamma dosimeters posit ioned a t  the surface and a t  25 cm, 

1 meter, and 3 meters above the surface indicated there was l i t t l e  di f ference 

among the doses occurring a t  these levels.  Figure 5 shows the mean gamna doses. 

(More complete dosimeter readings are shown i n  Appendix B.) 

The highest dose measured (95D rads) occurred a t  two stat ions located 

about 10 degrees east o f  north r e l a t i v e  t o  GZ. To the west the doses f e l l  o f f  

t o  less than 200 rads w i th in  a distance o f  0.6 km. There was also a secondary 

peak o f  a c t i v i t y  between 1.3 and 1.4 km t o  the east, where the gamna doses reached 

750 rads. 

Because o f  the height of the vegetation i n  the area, doses a t  25 cm 

above the s o i l  surface, and a t  the s o i l  surface were o f  pa r t i cu la r  in terest .  As 

noted previously, however, there was l i t t l e  di f ference between these gamma rad i -  

a t i on  doses. The doses a t  the s o i l  surface had a mean t h a t  was 99.9% + 5.8% o f  

the doses measured a t  25 cm above the surface*. 

Figure 5 also shows the dose rates a t  the time the dosimeters were 

co l lec ted from the f i e l d .  Such dose rates are of ten used i n  estimating doses t o  

an environment from fa l lou t  a t  times from a few days t o  a few weeks o r  longer 

a f t e r  f a l l o u t  has occurred. Since integrated doses are derived by mu1 t i p l y i n g  

the dose rates by some systematic value, i f  the curves produced are para l le l ,  

t h i s  i s  evidence t h a t  dose-rate extrapolations are j u s t i f i e d .  I f  they are not, 

as i s  the case here, then other factors must be considered. 

The opportunity t o  compare measured integrated doses and extrapolated 

doses from dose-rate data i s  infrequent. Such a comparison should, however, pro- 

vide evidence o f  cer ta in  other phenomena. It i s  apparent here t ha t  there i s  con- 

siderable discrepancy - the ra t i os  o f  dose ra te  t o  dose are no t  a constant. 

Possible reasons f o r  t h i s  w i l l  be discussed subsequently. 

3.3 BETA RADIATION DOSES 

Beta doses i n  f a l l o u t  patterns are not read i l y  assessed. Certain 

*Station 3 was omitted from the means calculat ions. A t  t h a t  s ta t ion  the surface 
dose was 150% o f  the 25-cm dose. 
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assumptions must be made and terms def ined. The doses a t t r i b u t e d  t o  var ious ob- 

j e c t s  i n  the  environment are the  doses measured by dosimeters a t  o r  on t h e  v a r i -  

ous ob jec ts  and a t  var ious places i n  t he  environment. The dosimeters used here 

were designed t o  emulate the  dose-recept ive capac i ty  o f  vegetat ion.  The doses 

repor ted  are  ex t rapo la ted  as t h e o r e t i c a l  sur face doses, on the  assumption t h a t  

vegeta t ion  has the  same beta dose absorp t ive  capac i ty  as water. 

3.3.1 Beta Doses a t  the S o i l  Surface Compared t o  the  Dose a t  25 cm 
Above the  Surface . 

For a l l  dosimeter s t a t i o n s ,  the  be ta  dose a t  t he  s o i l  sur face was 78% + 
19% o f  t he  dose a t  25 cm. For s t a t i o n s  9N through 13 the  sur face dose was 66% + 
24% o f  t he  dose a t  25 cm. These values were q u i t e  va r iab le  as can be seen from 

the  standard dev ia t ion .  The r a t i o  o f  sur face doses t o  25-cm doses ca l cu la ted  

independently f o r  s t a t i  ons 20 through 26 was 81.1% 2 31% , whi ch provides a cur- 

ious con t ras t  t o  the l a r g e  v a r i a b i l i t i e s  on the  whole. 

3.3.2 Beta Doses a t  25 cm Above the Surface Compared t o  Beta Doses : 
a t  3 Meters- 

These dose comparisons may a l so  be o f  i n t e r e s t  s ince  they prov ide  some 

basis  f o r  p r e d i c t i o n  o f  t he  beta doses t o  t a l l e r  vegeta t ion  (than NTS vegeta t ion)  

from t h e i r  contaminated environment, t h a t  i s  the doses der ived from p a r t i c u l a t e  

ma te r i a l s  deposited around the  shrubs as compared t o  the doses der ived from the  

ma td r ia l  deposited d i r e c t l y  on the  shrubs. Again, f o r  the  center  o f  the main 

f a l l o u t  pa t te rn ,  s t a t i o n s  9N through 10, the dosimeters a t  3 meters rece ived 

on ly  34.1% 2 3.3% o f  the  dose a t  25 cm above the  ground. 

Figure 6 shows a p l o t  o f  the r a t i o s  o f  t h e  sur face beta  doses compared 

t o  the  gamna doses f o r  a l l  s t a t i o n s  w i t h  s i g n i f i c a n t  doses. A systematic var ia -  

t i o n  o f  t he  r a t i o ,  which i s  apparent here, was a l so  noted f o r  a s i m i l a r  p l o t  o f  

data f o r  t he  CABRIOLET event4. The values ranged from 5 t o  more than 14 here, 

which i s  somewhat h igher  than the  r a t i o s  noted a t  CABRIOLET where they ranged 

from 4 t o  12.5. These v a r i a t i o n s  may be due t o  d i f fe rences i n  the  ma te r ia l  from 

the  two c ra te rs  o r  an overest imate o f  the gamma-ray doses a t  CABRIOLET, which 

would, o f  course, lower the  r a t i o s .  
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3.4 DOSES TO THE VEGETATION 

3.4.1 , ,  Gama Radiat ion Doses 

Across the  main f a l l o u t  pa t te rn ,  s t a t i o n s  12N through s t a t i o n '  20 i n c l u s -  

i v e ,  the  dosimeters on the  shrubs t h a t  were n o t  covered by the  p l a s t i c  sheets had 

e s s e n t i a l l y  the same gamma-ray doses as the  dosimeters i n  t h e  v e r t i c a l  a r ray  a t  

each s t a t i o n .  (The d i f f e rence  was on l y  +0.5% 2 5.7%. ) 

For those shrubs which had been covered w i t h  the  p l a s t i c  sheets, there  

was a reduct ion  i n  t he  gamma r a d i a t i o n  doses. The doses t o  covered shrubs had a 

mean value t h a t  was 84.5% f_ 10.8% o f  the gamma doses recorded i n  the  open, away 

from shrubs. Th is  reduc t ion  i s  probably a t t r i b u t a b l e  t o  s h i e l d i n g  by the  a i r  

and t h e  p l a s t i c  sheets aga ins t  t he  low-energy components o f  t he  f a l l o u t  

r a d i  a t i  on. 

3.4.2 Beta Radiat ion Doses 

A t  s t a t i o n s  12N through 20 there  was a reduct ion  o f  52.6% f_ 10.9% f o r  

the beta doses recorded by the dosimeters on the  shrubs, compared w i t h  the  dos i -  

meters i n  the open (on the  ar ray)  .away f rom the  shrubs. , -  

For those shrubs under . the  p l a s t i c  sheets, there  was s t i  11 a f u r t h e r  

beta dose reduct ion.  The covered shrubs i nd i ca ted  on ly  31.2% 2 6.9% o f  the be ta  

r a d i a t i o n  doses' recorded by the dosimeters i n  t he  open. These data as w e l l  as 

the  gama dose data are  sumar i zed  i n  Table 1. 

3.4.3 Evaluat ion o f  Sources o f  Beta Doses t o  the  Veqetat ion 

The cons t ruc t i on  of the  dosimeters prov ided some d e l i n e a t i o n  between 

beta  doses der ived from f a l l o u t  ma te r i a l  contaminat ing the surfaces o f  p l a n t s  

and doses der ived from mate r ia l  on the  surface around the  p lan ts .  These data 

were read from the  dosimeters a t  25 cm above the  surface. The data f o r  s t a t i o n s  

21N through 44 are  shown i n  F ig.  7. From t h i s  i t  would appear t h a t  be ta  doses 

were, i n  a l a rge  measure, d i f f e r e n t  i n  t h e i r  o r i g i n  i n  the  two p a r t s  o f  the pa t -  

te rn .  I n  the  main p a r t  o f  the f a l l o u t  pa t te rn ,  a r e l a t i v e l y  l a r g e  p o r t i o n  o f  t he  

t o t a l  dose appears t o  have come from be1 ow the  dosimeter, whereas i n  ' the eastern 

p a r t  o f  the pa t te rn ,  where the  secondary peak o f  a c t i v i t y  occurred, dosimeters 



Table 1. Doses across themain fal lout  patterns a t  25 cm above the so i l  
surface away from shrubs, t o  the shrubs protected by plas t ic  
sheets,  and to shrubs not protected. .. . . 

GAMMA RAY DOSES (RADS) 
P e r c e n t  o f  2 5  cm 

S t a t i o n  2 5  cm Shrub Dose 
* ** 

Number Dose Open Covered Open Covered 

12N 2 80  255 9 1 

BETA RAY DOSES (RADS)  ' . 

P e r c e n t  o f  25 cm 
25 cm ' Shrub  Dosc'  

Dose . Open ,  Covered Open Covered 

2 100 1 1 0  ' 630 5 2 3 0 

. . 
S t a n d a r d  D e v i a t i o n  2 5 . 7 '  '210.8  

* Only d o s e s  which d i f f e r e d  f rom t h e ' 2 5  cm d o s e s  a r e  shown. . . 
. . * Perce t i t  d i f f e r e n c e s  f rom t h e  2 5  c m  d o s e s  a r e  g i v e n .  

. . I 
U+ Dosimeter  n o t  r e c o v e r e d .  
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( w i t h  sh ie lds  open upward) received a s l i g h t l y  l a r g e r  p o r t i o n  o f  the  t o t a l  

dose. 

This  dose d i s t r i b u t i o n  i s  probably the  r e s u l t  o f  a l a r g e r  amount o f  

base surge m a t e r i a l  being d i s t r i b u t e d '  northward, where the  dosimeter s t a t i o n s  

were somewhat c l o s e r  to '  GZ than they were a t  t h e  secondary peak o f  a c t i v i t y  

f a r t h e r  t o  the  east.  Base surge ma te r ia l  i s  genera l l y  heav ier  than . f a l l o u t  ma- 

t e r i a l  i s  convent iona l ly  thought t o  be be. Thus, i n  a d d i t i o n  t o  the  l a r g e r  

amounts o f  ma te r i a l  i n  the  main p a r t  o f  the  f a l l o u t  pa t te rn ,  the l i g h t e r  mater- 

i a l  going t o  the  eas t  would be more l i k e l y  t o  remain suspended on the  vegetat ion. 

3.5 EFFECTS ON VEGETATION 

A t  the t ime the  dosimeters were removed from the  f i e l d '  there  were no 

observable changes i n  the  vegetat ion i n  the  f a l l o u t  p a t t e r n  compared t o  vegeta- 

t i o n  elsewhere, except t h a t  i n  - t h e  p a r t s  of the  p a t t e r n  w i t h  the  h igher  dose 

ra tes  the  vegetat ion was very dusty. 

I n  February 1969 (D p lus  2 months), i t  was noted t h a t  much o f  the  vege- 

t a t i o n  had l o s t  i t s  dus t  cover ing and t h a t  there  were no d i f f e rences  i n  the 

appearance o f  shrubs which had been covered w i t h  the polyethy lene sheets and 

those which had n o t  been covered. By t h i s  t ime most o f  the snow had melted, w i t h  '. 

on ly  smal l  patches remaining i n  the  shade o f  shrubs and rocks. 

The normal appearance cont inued through most o f  A p r i l .  I n  t he  l a s t  

week o f  t h a t  month, the  f i r s t  evidence o f  any e f f e c t s  was noted. This  could on ly  

be observed by comparing shrubs outs ide  the i r r a d i a t e d  areas w i t h  those w i t h i n .  

Normal l y  , the devel opment of new growth i n  Artemisia begi ns d u r i  ng t h i  s p e r i  od , 
b u t  t he  beginning o f  new growth was absent i n  the  p a r t s  o f  the  p a t t e r n  w i t h  the 

l a r g e r  doses. The same phenology was observed a t  CABRIOLET3. 

By the  end o f  June i t  was poss ib le  t o  begin a systematic analys is  o f  

the  e f fec ts .  From the outse t  i t  was c l e a r  t h a t  the  c h a r a c t e r i s t i c s  o f  i n d i v i d u a l  

shrub damage along the  a rc  were d i f f e r e n t  from the damage noted a t  both PALANQuIN1 

and CABRIOLET3. 

On 4 J u l y  1969, i t  was noted t h a t  most Artemisia shrubs w i t h i n  10 

meters rad ius  o f  the support  stakes f o r  S ta t ions  4N, 5N, 6N, and 7N were dead 

and the  remainder 75% o r  more de fo l i a ted .  



3.5.1 A u p u s t 1 9 6 9 ( D P l u s 8 M o n t h s ) ~ D a m a g e S u r v e y  

I n  August a survey was made of t he  Artemisia shrubs w i t h i n  a 10 meter 

rad ius  of each stake a t  a l l  s ta t i ons .  Table 2 show the  r e s u l t s  o f  t h i s  survey. 

Table 2. Cond i t ion  o f  Artemisia w i t h i n  10 meters o f  each 
dosimeter s t a t i o n  stake, 7 August 1969 

NUMBERS OF SHRUBS AND PERCENT DEFOLIATION 

S t a t i o n  % S t a t i o n  % 
Number O* 25 50 75 100 Number 0 25 50 75 100 - 
67-43 A l l  

42 9 1 
41 3 
40 7 
39 4 
38 4 

3 3 
9 2 
1 
5 
2 
No shrubs 
No shrubs 
4 
3 1 
1 
9 

12 
8 1 
1 

13 No shrubs 
12 . 1 
11 10 5 
10 8 3 
9 3 3 
8 2 2 
7 15 11 
6 3 5 

1 5 2 4 
7 4 1 3 

3 2 
6 2 2 
1 1 No shrubs 

0 1 

17 1 
16 No shrubs 
15 No shrubs 
1.4 1 

. . 

*"o" i n d i c a t e s  no damage, o r  more nea r l y  t d  zero damage than t o  25% d e f o l i a t i o n .  
100 i n d i c a t e s  complete d e f o l i a t i o n  and death. 



By autumn o f  1969, damage had n e a r l y  reached i t s  f u l l e s t  expression, and 

there  was l i t t l e  f u r t h e r  change du r i ng  the  w i n t e r  except f o r  the  cont inued l o s s  

o f  dead leaves from weathering. 

3.5.2 A p r i l  1970 (D Plus 16 Months) Damage Survey 

I n  A p r i l  1970, be fo re  new annual growth began, measurements were made 

on shrubs a t  most o f  the  s t a t i o n s  w i t h  shrub damage. The complete survey i s  

g iven i n  Appendix D. An at tempt  was made t o  measure the  s izes  o f  100 shrubs a t  

each dosimeter s t a t i o n  i n  t he  center  p a r t  o f  the  f a l l o u t  p a t t e r n  except as noted 

i n  Appendix D. The areas covered were approximately 30 meters wide and up t o  60 

meters long, along axes r a d i a t i n g  from GZ t o  t h e  dosimeter s t a t i o n s .  Shrubs were 

c lassed i n t o  the  f i v e  ca tegor ies  of damage p rev ious l y  mentioned. It should be 

noted t h a t  Artemisia does n o t  su rv i ve  when completely d e f o l i a t e d  under these con- 

d i  t i o n s .  Un l i ke  most o t h e r  shrubs i n  t h e  area, i t  does n o t  redevelop f rom the  

lower t r unk  o r  roo ts .  

3.5.3 Shrub Damage, Shrub Size, and Doses 

The shrub measurements ( c a l l e d  the  "shrub volumes") f o r  S ta t i ons  ION, 6, 

and 7, f rom the west and eas t  s ides of the  pa t te rn ,  are shown i n  F ig.  8. Shrubs 

w i t h  volumes o f  0-1 cub ic  meters, and 1-2 cub ic  meters show a d i s t i n c t  s h i f t  i n  

damage d i s t r i b u t i o n  w i t h  i nc reas ing  dose. I n  t he  shrub volume c lass  o f  0-1 cub ic  

meters, t he  damage d i s t r i b u t i o n  a t  3420 rads i s  t he  reverse image o f  t h a t  a t  5100 

rads. The same s h i f t ,  b u t  l e s s  apparent, a l so  occurred f o r  shrubs o f  2-3 cub ic  

meters volume. Shrubs w i t h  volumes o f  3 cub ic  meters o r  more have on ly  a s l i g h t -  

l y  s h i f t e d  d i s t r i b u t i o n  w i t h  i nc reas ing  dose. Contingency t e s t s  o f  t he  independ- 

ence o f  d e f o l i a t i o n  classes f rom dose l e v e l s  were conducted, w i t h  chi-square 

evaluated a t  the  0.05 l e v e l .  Percent d e f o l i a t i o n  was dependent on dose l e v e l  

when th ree  dose l e v e l s  were considered. Percent d e f o l i a t i o n  classes were inde-  

pendent o f  dose l e v e l  when on ly  the  l a r g e s t  shrubs were considered. It seems 

c l e a r  t h a t  w i t h  an inc rease i n  dose the re  was a corresponding increase i n  shrub 

damage. However, t he  ex ten t  o f  shrub damage appears t o  be moderated by shrub 

volume, the  l a r g e r  shrubs being l ess  damaged than sma.1ler shrubs. 



Fig. Re la t i onsh ip  o f  dose t o  popu la t i on  d i s t r i b u t i o n  f o r  damage classes 
i n  areas around th ree  dosimeter s t a t i o n s .  



3.5.4 Shrub Size (Volume) and Extent  of De fo l i a t i on  a t  5250-5850 Rads 

I n  order  t o  examine t h e  r e l a t i o n s h i p  between shrub volume and percent  

d e f o l i a t i o n ,  shrubs f rom Sta t ions  5, 6, 7, 8, and 11, where doses ranged f rom 

5250 t o  5850 rads (beta-gamma) were considered as a s i n g l e  popu la t ion  o f  495 

shrubs. F igure 9 shows the percent  shrub popu la t ion  d i s t r i b u t i o n  f o r  the d e f o l i -  

a t i o n  and shrub-vol urne classes. C l  ass.-vol urne i n t e r v a l s  were adjusted t o  p rov ide  

a minimum o f  60 shrubs f o r  any volume . . c lass. The greates t  number of shrubs (133) 

occurred i n  t he  0.5 t o  1 cubic meter c lass.  The volume c lass  o f  1 t o  1.5 cubic 

meters contained 80 shrubs w h i l e  the  o the r  classes had 60 t o  77. 

The data from Fig. 9 were transformed t o  present each shrub-volume 

c lass  as an i n d i v i d u a l  popu la t ion  d i s t r i b u t e d  among damage classes, as shown i n  

Fig. 10. The th ree  shrub-volume classes occu r r i ng  w i t h i n  0 t o ' 1 . 5  cubic meters 

have s i m i l a r  d i s t r i b u t i o n s ,  w i t h  few shrubs appearing i n  t he  0% d e f o l i a t i o n  c lass 

and. the  g rea tes t  percentages appearing i n  t he  100% d e f o l i a t i o n  c lass.  

Despite the  s i m i l a r i t y  o f  the  d i s t r i b u t i o n s ,  however, there  i s  a s h i f t  -* 

i n  the  percentages toward the  75% d e f o l i a t i o n  c lass as shrub volume increases. 

The d i s t r i b u t i o n  of percentages of shrubs i n  t he  1.5 t o  2.0 cubic meter c lass  
' 

d i f f e r s  f rom those having smal le r  volumes i n  t h a t  t he  mode occurs i n .  t he  75% de- .-. 
f o l i a t i o n  c lass.  Shrub-volume popu la t ion  percentages f o r  shrubs w i t h  volumes 7 
grea te r  than 2 cubic meters show a f u r t h e r  modal s h i f t  down t o  25% d e f o l i a t i o n .  :: 

, ..i 

A contingency t e s t  (P = 0.05) o f  the  independence o f  percent -de fo l ia t ion ' ,  

c lasses from shrub-volume classes showed percent  d e f o l i a t i o n  t o  be dependent upon 

shrub vo l  urne. Fur ther  ch i  -square ca l cu la t i ons  were made w i t h i n  each d e f o l i a t i o n  

class. It was assumed t h a t  the  percentage o f  each shrub-volume popu la t ion  occur- 

r i n g  w i t h i n  a given d e f o l i a t i o n  c lass was s i m i l a r  among a l l  shrub-volume classes. 

I n  the  100% d e f o l i a t i o n  c lass,  shrub-vol ume popu la t ion  percentages were found t o  

be dependent on shrub volume. Shrub-volume classes o f  0 t o  1.5 cubic meters 

formed one volume-independent s e t  w h i l e  shrub-volume populat ions o f  1.5 cub ic  

meters and greater  formed another. Shrub-volume popu la t ion  percentages w i t h i n  

e i t h e r  the  75% o r  50% d e f o l i a t i o n  categories were found t o  be independent o f  vo l -  

ume classes. Shrub-vol ume popu la t ion  percentages w i t h i n  the  25% d e f o l i a t i o n  

c lass were found t o  be dependent on shrub volume. Add i t i ona l  ca l cu la t i ons  f o r  

t h i s  l a t t e r  c lass showed shrub-volume populat ions between 0 and 2 cubic meters 

formed a volume-independent group t h a t  was d i f f e ren t  from shrub-volume populat ions 



F i g *  A shrub popu la t i on  o f  495 d i s t r i b u t e d  over  d e f o l i a t i o n  and volume 
c lasses a t  f i v e  dos imetry  s t a t i o n s  hav ing  beta-gamma doses be- 
tween 5250 and 5850 rads. 



Re la t i onsh ip  o f  percen t  d e f o l i a t i o n  and shrub volume on t h e  bas i s  
o f  each shrub-vo l  ume c l ass  be ing  cons idered a s i n g l e  popu la t i on  
based on 495 shrubs f rom dos imeter  s t a t i o n s  hav ing beta-gamma 
doses between 5250 and .5850 rads.  "- 



o f  2 o r  more cubic meters. These l a t t e r  populat ions formed a second volume- 

independent group. 

Both graphical  i n t e r p r e t a t i o n  and s t a t i s t i c a l  considerat ions conf i rm 

the  increased s e v e r i t y  o f  damage among the smal le r  shrubs. The mode o f  damage i s  

c l e a r l y  s h i f t e d  f rom k i l l e d  shrubs among the smal le r  s izes t o  the  categor ies o f  

l e s s  damage among the l a r g e r  s izes.  

F igure 1'1 i 11 us t r a t e s  the frequent appearance of shrubs severely  dam- 

aged b u t  n o t  k i l l e d .  There i s  a s i n g l e  l i v i n g  branch a t  the  apex, which i s  f low-  

e r i n g  a t  the end of the  second growing season a f t e r  i r r a d i a t i o n .  F igure 12 i s  a 

diagramati  c i 11 u s t r a t i o n  of A r tem is ia  damage cond i t ions  f requen t l y  observed. 

3.5.5 E f f e c t  on Shrub Species Other than Arterrrisia 

No systematic ana lys is  o f  o the r  shrub species was attempted because o f  

t h e i r  sporadic d i s t r i b u t i o n .  I t has been noted p rev ious l y  t h a t  A r tem is ia  i s  one' 

o f  the most s e n s i t i v e  p l a n t s  i n  t h i s  area of the t e s t  s i t e ,  and assessment o f  ' 
o the r  species i s  d i f f i c u l t  f o r  many reasons. For example, many shrubs normal ly  

develop new growth from t h e i r  bases o r  from underground under normal cond i t ions .  

This  a l s o  occurs very f requen t l y  w i t h  top  damage o f  any k ind .  Thus, even i f  a 

shrub i s  n o t  damaged, i t  may have a development p a t t e r n  which i s  s i m i l a r  t o  

t h a t  o f  another shrub which has been damaged. ~ t r i p Z e x  cmescens, 'one o f  the  

s a l t  bushes, occurred w i t h  r e l a t i v e l y  h igh  frequency a t  a few dosimetry s ta t i ons .  

It was p a r t i c u l a r l y  outstanding f o r  t h e  absence o f  any apparent damage; i n  f a c t ,  

i t s  subsequent growth appeared more l u x u r i a n t  than normal i n  areas where a l l  

A r tem is ia  t r i d e n t a t a  were k i l l e d  - a l o g i c a l  outcome o f  reduced compet i t ion w i t h  

Ar temis ia .  On the  o the r  hand, another A r tem is ia  species , spinescens , a deciduous 

Ar temis ia ,  appeared t o  have a s e n s i t i v i t y  about as great  as t h a t  o f  tridentata. 

3.5.6 Vegetat ion Damage Away from the Dosimetry Arc 

The more d e t a i l e d  s tud ies  o f  f a l l o u t  e f f e c t s  on vegetat ion were conf ined 

t o  the immediate v i c i n i t y  around the  dosimeter s t a t i o n s  . From cond i t ions  there, 

i t  seemed apparent t he re  should have been considerable damage elsewhere. However, 

because o f  the l a r g e  area i n  which damage could be expected, i t  would have been 

d i f f i c u l t  t o  p rov ide  d e t a i l e d  assessments. Furthermore, much o f  the area i s  very 



Fig. 11  An example of a severely damaged shrub after two years of growth from 
the very small amount of tissue which was not killed a t  the apex of 
the shrub. This i s  a more extreme condition than that diagramed as 
Shrub B in Fig.  12. The inflorescence development appeared to be 
normal. 



Fig. 12 Diagram o f  &t&sia shrub conditions noted frequent ly along the arc  o f  
dosimeter stat ions. The height t o  which a shrub was damaged (o r  
k i l l e d )  was t o  some extent dose dependent. Height was no t  the only 
factor,  however, f o r  the la rger  shrubs, i n  t e r n  o f  volume, were also 
less l i k e l y  t o  be k i l l e d  even though they were sometimes not as t a l l  as 
others which were e n t i  r e l y  defo l ia ted and k i  1 led. 

rough, o r  impassable, even w i th  four-wheel-drive vehicles. For these reasons an 

evaluation o f  f a l l o u t  e f fec ts  was undertaken by hel icopter.  The evaluation was 
made on 24 January 1970, one growing season a f t e r  SCHOONER detonation. With en- 

larged aer ia l  photographs o f  the area as a guide, the he l icopter  t rave l led  slowly 
a t  a l t i tudes  o f  10 t o  50 fee t  above the surface whi le shrub damage was evaluated 

by gross v isual  inspection and notes were d ic ta ted i n t o  a tape recorder. Damage 

was assessed on the basis o f  whether more than h a l f  the shrubs appeared more than 

50% defoliated, o r  less than 50% defol iated. Estimates were r e s t r i c t e d  t o  the 

genus Artemisia, as i n  the previous assessments. 

From t h i s  aer ia l  survey, the map shown i n  Fig. 13 was drawn. The boun- 

daries o f  damaged vegetation t o  the west of SCHOONER GZ were no t  determined be- 

cause o f  adverse winds on the day o f  f l i g h t .  The area i s  very rough, making low- 
a l t i t ude  f l y i n g  hazardous. I n  addit ion, deta i led aer ia l  photographs o f  the area 



Fig. 13. Estimate of the  boundaries w i t h i n  which 50% o r  more of Artemisia 
was 50% o r  more defol ia ted i n  January 1970. Visual estimates 
were made from a low-flying hel icopter  about boundaries i n  dashed 
l i ne s ;  boundaries i n  so l i d  lines were covered both on foo t  and by 
helicopter.  (A1 1 boundaries including c r a t e r  boundaries a re  
approximate. ) 



Bere not available. I t  was estlmated, however, that damage extended beyond 3 km ! ESt of GZ. 

3.5.7 Preliminary Estimates of Damage and Recovery of the Ecosystem 
on the South Side of SCHOONER - October 1970 

Data on cover for  three of the 21 species of shrubs, grasses, and annu- 

a ls  found south of GZ are graphed in Fig. 14. ( A  complete l i s t  of species is 
provided i n  Appendix C.) The approximate location for the five s i t es  (see Sec- 
tion 2.6) are indicated in Fig. 13. 

In Fig. 14A, the mean cover percentage for each of the five s i t es  from 
near GZ to beyond the effects of faTlout are plotted. Site V provides a control 

value for comparison with the disturbed and irradiated areas. The value given 
for  Si te  V is thus  the expected norm for  the area. There i s  an increase in the 

vegetation cover in both Sites I1 and 111. The species responsible for  this are 

i n  evidence i n  Figs. 14E and 14F. In Site 11, as shown i n  Fig. 14E, there i s  a 
large increase i n  SaZsoZa (Russian th is t le)  i n  a manner frequently noted a t  NTS 
for  seriously distrubed areas. For Site 111, from Fig. 14F, there i s  a large in -  
crease i n  the grass s t d o n  hystrix. Both Sitmian and SaZsoZa occur w i t h  rel- 

atively low frequency i n  undisturbed areas, with SaZsoZa sometimes completely 
absent. 

The total numbers of species for each s i t e  i s  plotted in F i g .  148. There 

are increases for  total numbers of species w i t h  the disturbances and radiation 
damage a t  a l l  s i t e s  except directly on the crater i t s e l f .  Figure 14C shows l i t t l e  

differences in total numbers of plants except for the reduction i n  Sites I and 11, 
both of which were regions of heavy overburden not yet covered by the large num- 
bers of Russian th i s t l e  traditionally encroaching strongly disturbed areas of MS. 

3.6 LATE-POST-DETONATION DISTRIBUTION OR REDISTRIBUTION OF RADIOACTIVE 
MATERIAL 

In July 1969, a survey was made which allowed a limited estimate of the 
radioactive material that  had continued t o  be dispersed from the crater between 
D plus 12 days and the time of the survey, or  had been redistributed af ter  in i t i a l  

throw-out or  dispersal from the crater. 
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TOTAL. NUMBER OF SPECIES 
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Fig. 14 Plant species distribution and cover percentages for  five s i t e s  south of GZ. The s i t e s  were chosen 
to  represent the broadest spectrum of cratering and fal lout  effects  on the vegetation. 



It would appear most l i k e l y  t h a t ,  because of p rox im i t y  o f  the dosimeter 

s t a t i o n s  t o  the  l a r g e  c r a t e r - l i p  deposi ts  o f  loose f l u f f y  ma te r i a l ,  the l a r g e s t  

amount o f  ma te r i a l  t o  reach t o  dosimetery a rc  would have come from the '  c r a t e r  

i t s e l f ,  t h a t  i s ,  f rom the  i n i t i a l  source. . . 

As a p a r t  o f  the  r o u t i n e  r a d i o l o g i c a l  survey, readings were made w i t h  

the  p o r t a b l e  beta-gamma meter used convent iona l ly  a t  NTS. Readings were made 

w i t h  the  probe both open and c losed a t  the ground surface c lose t o  the  dosimeter 

s t a t i o n s ,  b u t  away from shrubs. The d i f f e rence  i n  dose ra tes  between open-probe 

and closed-probe readings was c a l l e d  the  "beta dose r a t e " .  S i m i l a r  readings were 

made i n  the  centers o f  the areas which had been covered w i t h  p l a s t i c  sheets u n t i l  

D p lus  12 days, and which could n o t  have received f a l l o u t  ma te r i a l  u n t i l  a f t e r  t h a t  

t ime. Beta r a d i a t i o n  readings made i n  these areas should the re fo re  r e f l e c t  rad io -  

a c t i v i t y  which reached the  area a f t e r  D p lus  12 days, and before  D p lus  7 months, 

1 i .e., 4 J u l y  1969. Since beta rays are r a p i d l y  at tenuated by a i r ,  the  beta sources 

f rom outs ide  these areas should n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  the  beta doses. 

The dose ra tes  and t h e i r  r a t i o s  obta ined from the  J u l y  survey are pre- 

sented i n  Table 3. The beta  dose ra tes  were est imated by s u b t r a c t i n g  the closed- 

probe doze r a t e  readings from the  open-probe readings. On the  assumption t h a t  

s imi  1 a r  amounts o f  mater i  a1 would be deposited o r  r e d i s t r i b u t e d  i n t o  both areas, 

the  be ta  dose ra tes  from the covered areas were a lso  subtracted f rom the  dose 

ra tes  f rom the not-covered areas before the  r a t i o s  were ca lcu la ted .  

The data i n  Table 3 are from dosimeter s t a t i o n s  no r th  and eastward o f  

GZ. From these data i t  appears there  was an increase o f  nea r l y  2% i n  the mater i -  

a l  deposi ted on D-day a t  the most n o r t h e r l y  po in t ,  and an increase o f  about 9% i n  

the  m a t e r i a l  deposited i n  a more e a s t e r l y  d i r e c t i o n .  G iv ing  these values as per-  

centages o f  the t o t a l  be ta  a c t i v i t y  may be misleading, s ince unequal amounts o f  

m a t e r i a l  were deposited between D-day and D p lus  12 days. Perhaps a b e t t e r  ex- 

p ress ion  o f  the  cond i t ions  would be t h a t  two t o  th ree  times as much ma te r ia l  was 

redeposi ted eastwardly compared t o  n o r t h e r l y  and these amounts c o n s t i t u t e d  from 

about 2% t o  9% o f  t he  ma te r ia l  deposited a t  i n d i v i d u a l  l oca t i ons  be fore  D p lus  

12 days. The p r e v a i l i n g  winds i n  t he  area are from the  southwest. Considering 

the dust iness o f  the general c r a t e r  area, these values would n o t  appear too  

h igh.  



Table 3. Ratios between instrument readings i n  dosimetry a r c  
a reas  contaminated continual l y  and contami nated 
a f t e r  D plus 12 days. 

Covered Not Covered Covered 
Not D-Day mi nus 

' . S t a t i o n s  , Covered. Not Covered 
To D + 12 Covered m i  nus Covered ' , . 

(mr/hr) (mr/hr) (mr/hr) ' (Rat io)  

6N 5 3 1 .O 5 2 0.01 9 

4N 44 1 . O  4 3 0.023 

2 N 50 1 .5  48.5 0.031 

0 3 0 1 .O 2 9 0.034 

2 21.5 1.5 2 0 0.075 

4 4 3 1 .O 42 0.024 '. 

6 46 3.5 42.5 0.082 . 

8 35 2.2 32.8 0.067 

10 28 2.3 25.7 0.089 



4. SUMMARY AND DISCUSSION 

A t  distances o f  1.7 km t o  more than 2.0 km t o  the n o r t h  and nor theast ,  

d is tances which were f o r  the most p a r t  beyond the  base surge from the  SCHOONER 

detonat ion,  r a d i a t i o n  doses were measured and r a d i a t i o n  e f f e c t s  on the  vegeta- 

t i o n  i n  t he  area were evaluated. The dosimeter s t a t i o n s  were pos i t i oned  on an 

a r c  t h a t  extended approximately 3.35 km along the bottom o f  a canyon which was 

approximately 100 meters lower i n  e l e v a t i o n  than the  p la teau  on which GZ was 

1 ocated. Despite the  i r r e g u l  a r i  t y  o f  t he  topography, however, t he  dosimeter s ta-  

t i o n s  were loca ted approximately the  same r e l a t i v e  distances from GZ as those a t  

CABRIOLET. 

As noted p rev ious l y  a t  CABRIOLET, the  be ta  doses i n  the  open, away from 

shrubs, were much g rea te r  than t h e  gama doses which were r e l a t i v e l y  constant 

throughout the environment o f  any p a r t i c u l a r  l oca t i on .  A comparison o f  the po- 

t e n t i a l  doses showed t h a t  t h e  beta-gamma dose r a t i o s  v a r i e d  from 5 t o  15. Dosi- 

meters placed on shrubs i n d i c a t e d  beta  doses were. considerably l ess  (47%) than 

those i n d i c a t e d  by dosimeters pos i t i oned  a t  25 cm above the  so i  1 surface, away 

from shrubs. This  was i n t e r p r e t e d  as being the r e s u l t  of s e l f  s h i e l d i n g  by the  

shrubs themselves, on the  hypothesis t h a t  the  doses t o  dosimeters were reduced 

by shrub s h i e l d i n g  j u s t  as doses t o  p a r t s  o f  the shrubs must have been. Un l i ke  

CABRIOLET, d i f fe rences i n  doses t o . f r o n t s  and' backs. o f '  shrubs were n o t  observed. 

Dosimeters on shrubs covered w i t h  0.15-mm-thick polyethy lene received , 
gamma r a d i a t i o n  doses 15% less  than those rece ived by shrubs t h a t  were n o t  cov- 

ered. The beta doses t o  dosimeters i n  t he  same l o c a t i o n  were, however, 69% less  

than those i n d i c a t e d  by dosimeters a t  25 cm above the  ground surface, away from 

shrubs. This 22% ne t  reduc t ion  i n  beta dose was a t t r i b u e d  t o  the  polyethy lene 

cover. This cover was s u f f i c i e n t  t o  reduce the  r a d i a t i o n  doses below l e t h a l  

l eve l s .  There was apparent ly  no damage t o  the  covered shrubs, except a t  S t a t i o n  . 

6N where 2 o f  the 6 shrubs covered had a smal l  amount o f  d e f o l i a t i o n .  Th is  was 

one of t he  areas where a1 1 Artemisia shrubs were otherwise k i l l e d .  

Damage t o  the  vegetat ion from r a d i a t i o n  was n o t  apparent u n t i l  l a t e  

A p r i l ,  almost four months a f t e r  t he  shot.  The f i r s t  evidence was manifested by 

an absence o f  development o f  new growth on Artenrisia - growth t h a t  produces 

f 1 owers i n  September and October under normal condi ti ons . 



The cond i t i on  o f  shrubs by D p lus  15 months va r ied  from no detec tab le  

damage a t  the  lower doses t o  complete d e f o l i a t i o n  and k i l l i n g  a t  the  h ighe r  doses. 

Shrubs w i t h  damage a l l  the  way around them, from the ground t o  vary ing  he igh ts ,  

were commonplace. This  cond i t i on  was n o t  observed a t  two e a r l i e r  c r a t e r i n g  ex- 

periments, PALANQUIN and CABRIOLET ;where sub le tha l  damage was p r i m a r i l y  d i s t r i  bu- 

t ed  across the f ron ts  and tops of shrubs. A t  SCHOONER, however, along the a r c  o f  

dosimetry s ta t i ons ,  extremes of t h i s  " s k i r t i n g "  sometimes l e f t  on ly  small branch- 

es a l i v e  i n  the tops o f  l a r g e r  shrubs. 

As might  be expected i n  view of t h i s  " s k i r t i n g "  e f f e c t ,  small shrubs 

were more severely  a f fec ted  than l a r g e r  ones. Ex ten t  o f  damage was shown t o  be a  

f u n c t i o n  o f  shrub "volume", de f ined as a  volume ca l cu la ted  from the  means o f  two 

measured shrub diameters and a  he igh t  measurement, w i t h  the shrubs being t r e a t e d  

as i f  they were cy l i nde rs .  
. 

The d i f fe rences i n  damage noted along the  dosimeter a rc  a t  SCHOONER com- ,. 
pared t o  e i t h e r  PALANQUIN o r  CABRIOLET are probably a t t r i b u t a b l e  t o  a  d i f f e r e n t  

p a t t e r n  o f  p a r t i c l e  depos i t ion  on shrubs and around them. Th is  may, i n  tu rn ,  be 

a t t r i b u t e d  t o  d i f ferences between t e r r a i n  a t  SCHOONER and the  e a r l  i e r  events. 

The d e t a i l e d  i n v e s t i g a t i o n s  o f  shrub r a d i a t i o n  e f f e c t s  per se were a1 1  done i n  

the  v i c i n i t y  o f  t he  dosimeter s ta t i ons .  

I n  a d d i t i o n  t o  the  de ta i ledsurveys ,  an informal survey performed on ' 

f o o t ,  by t ruck ,  and by h e l i c o p t e r  determined approximate boundaries o f  damaged 

areas a l l  the  way around the  c r a t e r .  During the summer o f  1970, s tudy p l o t s  on 

the south s ide  of SCHOONER showed t h a t  revegeta t ion  was beginning t o  occur i n  

damaged areas. I n  p a r t s  o f  the  p a t t e r n  where a1 1  Artenrisia was k i  1  l e d  bu t  w i t h  

s i g n i f i c a n t  overburden from the c r a t e r ,  Russian t h i s t l e  occurred. Per ipheral  t o  

t h a t  reg ion  was one charac ter ized by a  l a rge  increase i n  t he  Sitanion hys tr ix ,  a 

species which normal ly  occurs w i t h  low frequency. 

Th is  study has provided f u r t h e r  evidence o f  the  importance o f  beta r a d i -  

a t i o n  as a  hazard t o  vegetat ion i n  f a l l o u t  f i e l d s ,  and has i n d i c a t e d  something o f  

the na ture  o f  s e l f - s h i e l d i n g  by vegeta t ion  i t s e l f .  These f i nd ings  prov ide  a  bas- 

i s  f o r  understanding the r e l a t i o n s h i p  o f  doses and dose ra tes  (measured f o r  con- 

vent iona l  r a d i o l o g i c a l  sa fe t y  purposes) t o  the  beta doses t o  which vegetat ion i n  

f a l l o u t  i s  sub jec t .  The s h i e l d i n g  experiment i n  which 0.15-mm-thick polyethy lene 



was used showed t h a t  even t h i s  small amount o f  pro tect ion may be o f  great  impor- 

tance i n  preventing vegetation damage. 

A comparison o f  d i f ferences i n  t e r r a i n  and topography a t  PALANQUIN and 

CABRIOLET versus SCHOONER has ind icated these parameters may be important i n  de- 

termining the nature o f  damage manifestation where rad ia t ion  leve ls  may be high 

enough t o  cause damage. 
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APPENDIX A 

PERENNIAL SHRUBS ENCOUNTERED IN  THE VICINITY OF DOSIMETER STATIONS 

The shrubs l i s t e d  below were c o l l e c t e d  and i d e n t i f i e d  by M r .  Thomas 

Ackerman, Laboratory of Nuclear Medicine, UCLA. The shrubs may occur w i t h  w ide ly  

vary ing  frequency i n  any p a r t i c u l a r  l o c a l i t y .  They may b e  absent from some areas 

o r  share dominance i n  others.' A '  few are e s s e n t i a l l y  r e s t r i c t e d  t o  the  sides o f  
. . 

canyons and some are found on ly  along the drainage p a t t e r n  o f  t he  canyon bottoms. 

None occurred w i  t h  su f f i  c i e n t  abundance t o  permi t an extensi  ve i n v e s t i g a t i o n  o f  

reac t i on  t o  read ioac t i  ve fa1  l o u t  mater i  a1 . The 1 i s t  may be incomplete, however, 

s ince there  wa; no i n t e n s i v e  e f f o r t  made t o  cover the  e n t i r e  l eng th  o f  the dosi -  

meter arc. 

Chrysothmus nauseosus 
subsp. hoZoZeucus 
subs p . Zeiospemus 

HapZopappus nanus 

Te tradymia g Zabrata 

Tetradymia axi ZZaris 

Artemisia spinescens 

Artemisia tvidentata 

Gutierrezia sarothrae 

Lyc iwn  andersonii 

Grayia spinosa 

8ymp3zoricczrpos pmish i i  

EZymus cinereus* 

AtripZex canescens 

A t r i p  Zex can f e r t i  fo Zia 

Machaeranthera ZeucanthenrifoZia 

* 
A l a r g e  c l  ump-forming, grass which may reach 1.5 meters he igh t .  



APPENDIX B 

DOSIMETRY 

The general character ist ics of fa1 l o u t  rad ia t ion expected from a 

crater ing event would include a 1-MeV gamma-ray component, an associated beta 

component w i th  energies i n  the 1-MeV region, and a possible low-energy photon 

character ist ic.  Two approaches f o r  measuring t h i s  mixed f i e l d  are equally 

val id:  1) measurement o f  fluence and in te rp re ta t ion  o f  dose deposition; o r  2) 

d i r e c t  measurement o f  absorbed dose i n  some material and corre la t ion w i th  another 

material through known absorbtion coef f ic ients .  The more straightforward o f  the 

two methods, t ha t  o f  measuring fluence by determination o f  depth dose p ro f i les ,  

was chosen f o r  the SCHOONER event. 

B-1 DOSIMETER DESIGN 

The dosimeters used a t  SCHOONER were patterned closely a f t e r  the therm- 

oluminescent dosimeters (TLD1s) used i n  the CABRIOLET event. However, cer ta in  

I modif ications were incorporated based on the CABRIOLET resul ts .  

I The dosimeters, which were designed t o  simulate energy deposition from 

ioniz,ing rad ia t ion i n  p lan t  t issue, were made up o f  hot-pressed chips o f  CaF2:Mn 

o f  a standard size, measuring 3 by 3 by 1.5 mn. The dosimeters were o f  two basic 

configurations - one designed t o  accomnodate 3 chips (Type A) and the other 8 

chips (Type 8). Both types were constructed o f  3-mn-thick polycarbonate, wi th  

7-mm-diameter holes d r i l l e d  through them t o  hold the TLD chips. The CaF2:Mn 

chips w i th  ind iv idual  shields were placed i n  the holes, and the e n t i r e  dosimeter 

was covered by a t h i n  l i g h t - t i g h t  black Mylar f i l m ,  as shown i n  Fig. B-1. 

For SCHOONER, s i x  sh ie ld  thicknesses were employed t o  define the depth 

dose. Minimum shie ld ina was provided by a double layer  o f  0.05-mm-thick black 

Mylar tape which also served t o  protect  the chips from loss o f  dose due t o  fad- 
2 i ng  i n  sunlight. This minimum shielding was the equivalent o f  8 mg/cm . Addi- 

t iona l  shielding was provided as fol lows: 0.25 mm polyethylene, 1.27 mo poly- 

ethylene, 0.51 mn aluminum, 1.01 mm aluminum, and 0.79 mm lead. These shields 

were chosen as a resu l t  o f  the CABRIOLET experiment where penetration o f  beta 
2 par t i c les  was measured w i th  a range o f  325 mg/cm . 



0.51 run 
A1 umi num 

0.79 mm 
l e a d  cup 
and cap 

0.79 mm 
lead cup 
w i t h  foam 
spacer 
(open UP) 

0.79 mm 

w i t h  foam 

Fig. B-1. Thermoluminescent dosimeters (TLD's) constructed f o r  SCHOONER. 

. . 



Since the  thickness of the.TLD chips was s u f f i c i e n t  t o  completely s top 

e lec t rons  w i t h  energies up t o  1.0 MeV, readings on i n d i v i d u a l  ch ips were propor- 
2 t i o n a l  t o  energy f luence i n c i d e n t  on the chip.  The change i n  f luence (erg/cm ) 

as mass was added i n  f r o n t  of the  TLD was used t o  i n f e r  the  dose (erg/g) .  
. . 
. . 

Sh ie ld ing  was se lec ted  t o  produce a gradual decrease i n  beta cont r ibu-  

t i o n ,  w i t h  the t h i c k e s t  s h i e l d  capable of s topping the  most energet ic  beta par- 

ti c les  . This thickness, however, d i d  n o t  requ i  r e  s i g n i  fi cant c o r r e c t i o n  f o r  the 

absorpt ion o f  1-MeV gamma rays.  The presence o f  a low-energy photon component 

could be i n f e r r e d  by d i f ferences i n  the  stopping power o f  polycarbonate and alum- 

inum. These ma te r ia l s  present  equal absorpt ion o f  e lec t rons ,  b u t  have a Z de- 

pendence f o r  absorbt ion of low-energy photons. Thus, a h igh  reading f o r  the 

polycarbonate-shielded chips s i g n i f i e d  a low-energy photon component whose mag- 

n i  tude cou ld  be est imated. 

Lead was used f o r  maximum s h i e l d i n g  aga ins t  beta f luence. Although i t  

success fu l l y  sh ie lded the TLD from the beta r a d i a t i o n ,  i t  resu l ted  i n  an over- 

response f o r  the  gamma-ray .background. To evaluate the  over-response, ca l  i bra- 
~. 

t i o n s  were made w i t h  lead i n  f ron t ,  i n  back, and on both sides o f  the  chip.  From 

t h i s  a co r rec t i on  fac tor  o f  0.7 was der ived and used t o  c o r r e c t  gamma doses. 

B-2 DOSIMETER READOUT AND. ANALYSIS 

The dosimeter packages from the  f i e l d  were i n d i v i d u a l l y  read ou t  i n  a 

standard EG&G Model TL-3 reader. Since the  chips were c a l i b r a t e d  against  a 

standard co60 source, the  sca le  readings were a d i r e c t  measure o f  t h e  exposure 

i n roentgens. 

The energy deposited i n  a CaF2:Mn ch ip  when i t  i s  exposed t o  a c a l i -  

b r a t i n g  co60 source i s  

El = 86 R ( p  A t )  ergs 

'where 

R = exposure i n  roentgens 

p = dens i ty  o f  the dosimeter 

A = area of the  dosimeter 

t = thickness o f  the dosimeter 



The l i g h t  emi t ted  when the  dosimeter i s  read i s  p ropo r t i ona l  t o  t h a t  energy, 

When the  dosimeter i s  exposed t o  low-energy be ta  rays and subsequently read out ,  

the  energy deposited pe r  u n i t  area i s  

If the read-out inst rument  i s  adjusted t o  read i n  roentgens ( R  - L1),  

the  f i n a l  c a l i b r a t i n g  formula i s  

2 
For  a t y p i c a l  ch ip,  p t i s  0.550 gm/cm . The c a l i b r a t i n g  r e l a t i o n s h i p  i s  then 

where L2 i s  the sca le  reading on the  dosimeter. 

Dose may be i n f e r r e d  from the readings ml and me on two dosimeters 

covered by absorbers having masses ml and m2: 

I n  t h i s  case, dose i s  determined fo r  the  absorbing ma te r ia l .  

Data taken w i t h  the  use of Mylar  may be used t o  i n f e r  dose i n  water  

by mu1 t i p l y i n g  by the stopping power f o r  water  and d i v i d i n g  by the  stopping 
. . power f o r  My1 a r  : 

Dosimeter readings along the  dosimeter a r c  f o r  a l l  s t a t i o n s  having 
, .  . . . 

s i g n i f i c a n t  dose are  shown i n  Table B-1. 
. I. . . . . - " .  



Table B-1. Summary o f  r a d i a t i o n  doses (rads H20) along t h e  a rc  of 

dosimeter s ta t i ons ,  1.7 t o  2.0 km n o r t h  and nor theast  
o f  GZ. Beta doses are t h e o r e t i c a l  sur face doses. 

STATION DOSES AT WSES AT 25 CENTIMETERS OOSE AT 1 METER DOSES AT 3 METERS DOSE AT SHRUBS*" 

GROUND Total Pb Shielded Total Pb Shielded Total Pb Shielded Uncovered polyethylene 

LEVEL Above Below - -  - Above, eelow Above Below Covered 

Y B Y  B B  B  8  B  B B B  B  6 Y B  

27 N --- --- 140 --- --- --- --- --- --- - - - - - - - - - 
26 N --- --- 140 - - -  --- --- --- --- --- --- - - -  --- --- - - -  --- 
25 N --- --- 140 --- - - - - - - - - - - - - - - - - - - - - - - - - 
24 N --- --- 140 --- --- --- --- --- --- - - - - - - - - - 720 120 630 
23 N --- --- 160 --- - - - - -- --- --- --- - - - - - - - - - 
22 N --- --- 140 --- --- --- --- --- - - -  - - - - - - - - - 600 120 560 
21 N - - -  --- 140 --- 630 930 --- --- --- - - - - - - - - - 
20 N 130 1,200 130 1,170 660 960 850 750 700 540 30 330 480 120 450 
19 N 120 1.000 120 1.020 510 , 990 --- --- - - -  --- 30 360 
1 8 N  120 1,000 120 1.140 810 1,140 , 9 5 0  450 950 690 270 870 630 105 615 

1 7 N  130 1.000 1 2 0 ~ 1 , 0 5 0  720 600 --- --- --- --- 180 1,050 
16 N 160 1,500 160 1.470 900 1,200 800 330 850 600 150 480 630 150 540 
15 N 180 1,200 160 1.410 810 1.050 --- --- --- --- 150 1.080 
14 N 200 1,200 200 1.500 870 1,120 1.080 360 1,080 430 120 390 540 190 420 
13 N 240 1,600 240 1.680 1,020 1,440 --- --- --- --- 120 900 

12 N 280 1,500 2?0 $100 1,440 1.920 1.440 850 1,200 900 120 1,360 1,110 125 630 
11 N ** - - -  tt tt - - - - - - - - - 150 1.080 
10 N 350 3,000 380 3,420 1.860 3,210 2.650 1.500 1,780 1.640 660 1,140 2,160 350 1,590 
9 N 500 5,400 500 4,500 3,600 2,160 3,300 2.250 1,650 1.830 900 1,500 
8 N 800 5.600 800. 7,800 6.360 2,220 4,700 3.400 1,980 2.570 1,500 1.800 3.000 770 2.190 

7 N 950 10.000 950 10,650 9.750 3.510 6,750 6.250 2,800 3.480 1.650 1,350 
6 N 950 5,400 950 10,650 9,600 3,450 7,200 6,600 2;550 3.770 2,550 2,100 5,250 800 3.000 
5 N 870 6.000 870 9 800 8 790 2 790 6,450 6,700 2,350 3.560 2,040 1,890 
4 N  800 6.500 820 8:640 "6:940 2:790 5,400 5,100 2,000 2.610 1.740 1,740 4,140 710 3,270 
3 N 800 6.000 800 8,700 7.500 3,000 5,700 5,700 2,400 2,820 2.400 2.100 

2 N  700 2,700 700 8.100 7.200 2.400 4,200 4,100 2,050 2.700 1,800 1,500 3,900 610 2,100 
1 N 650 3.300 600 6.600 *+ 2.400 4,950 2,140 2,020 2.460 2.100 1,200 

0 650 3,150. 650 7,050 5,550 1,950 4,800 3,300 1.420 2.200 1,350 1,050 3.000 470 2,340 
1 800 8.500 750 7.650 7.050 2.550 4,650 4,650 1,950 2,350 1.650 1,650 
2 8007.500 800 7,500 7,2002.400 5,100",050 1.800 2,500 1.200 1,200 2,910 6 6 0 1 , 7 7 0  
3 1,200 4.000 000 7,200 ** ** 4.500 3.600 1,800 2.350 1,500 1,200 
4 650 2,000 650 5,550 4.650 2.250 3,400 2.950 1,750 1,580 1.050 450 2,250 488 1.650 

5 600 3.600 610 4.830 4.170 2.370 3.300 2,400 1,500 1,630 870 570 
6 600 2,400 600 4.650 3.450 2,100 3,650 1,800 1,850 1,670 450 450 2,340 600 1,650 
7 800 3,000 700 5,100 3,600 3.300 3.300 2.300 2.050 2,030 900 1,500 
8 900 3,000 720 5.040 3.240 2.490 2,C50 1,950 2.030 1,890 900 1,740 3,240 600 2,040 
9 700 2,100 740 4,980 2,580 1,980 2.280 2,450 --- 1.600 2,580 780 . 

10 750 3.600 800 5,400 5.400 3,150 3,500 1,920 2,470 ' 2,050 1,800 1,500 3,600 530 1,560 
11 - - -  - - -  750 --- - - - - - - - - - - - - - - - - - - - - - - - - 
12 600 3.000 .620 4.450 2,790 3.240 3.100 1,520 2,340 2,140 660 2,100 2.190 550 900 
13 500 2.700 500 4.200 2,250 2,100 2.E50 1,300 1.950 2,030 600 1,800 
14 400 1,500 440 3,480 1,380 1.680 2.510 1,530 1.800 1,900 930 1,210 1,620 370 900 

15 350 2;OOO 510 !:OOO 2;070 $070 2,400 1.180 1,120 1,620 2:O LO50 
16 " --- _ _ _  _ _ _  ** 1,650 . 260 570 
17 250 2,100 250 2.550 1,290 1.650 1,500 810 1,050 900 300 1,050 
18 220 2,000 200 00,100 1.200 750 1.040 580 320 520 300 300 1.500 200 540 
19 150 1,400 150 1,590 930 630 1.120 580 870 630 300 300 

20 140 1.200 130 1,410 870 840 780. 480 220 510 270 330 990 80 570 
21 110 1,000 100 1,200 840 900 900 . 4 8 0  570 450 0 0 
22 100 1,000 100 1.200 900 1,030 830 400 700 430 300 300 720 170 570 
23 220 2,000 200 2.400 1,650 1,800 1,860 960 1.500 1,200 540 990 
24 350 2.500 380 3.000 1.650 2,240 2,250 1.050 2,100 1,800 360 1.980 1.260 260 870 

25 400 2,200 400 3.000 1.620 2,040 1.800 1,020 1,500 1,200 60 90 
26 300 1,500 270 1,920 1.290 1,650 900 540 570 270 150 120 1.320 150 690 
27 275 1,800 260 1.860 1.230 1,470 1,020 600 380 520 180 180 
28 260 1.600 260 1.860 2,850 1,350 1.200 2,050 720 540 240 180 1,650 190 1,110 
29 360 2,500 360 2,670 1,620 1 ,7 /U  1,590 510 1,160 570 180 60 

30 350 2,700 350 2,700 1,650 2,340 1,650 770 1.480 750 360 120 2,010 310 1,170 
31 500 3.000 500 3,300 1,950 2,250 2.670 1.020 2,340 1.950 450 1,950 
32 --- --- 700 4 050 2 400 3 000 2.850 1.250 2,250 1,980 360 2,250 3,150 550 2.010 
33 --- - - -  600 3:600 2:250 2:550 2,760 1.200 2.340 1,650 450 1,200 
34 - - -  --- 750 4,800 2,700 3,360 3,750 1,710 3,210 2,640 900 2,850 3,150 550 2,100 

--- 35 --- 
- - - 450 4,050 2,310 2,700 3.340 --- --- 2,16C 600 2,310 

36 .-- 270 2 490 I 590 2 190 1,780 840 1,600 1,290 390 1.140 1,740 250 900 
37 - - -  --- 240 2'130 1'230 1'530 1,890 --- --- C60 180 1,020 
38 --- --- 220 2:100 1 :140 1 :590 ' 1  ,620 580 1,530 1,050 240 1,140 990 190 720 
39 - - -  --- 270 - - -  1,590 1,830 - -  --- --- - - - 120 360 

40 - - -  --- 280 2.050 1,320 2.040 1.860 - 780 7.,nRO 800 210 1,460 1,560 250 750 

--- Oosimeters not read out 
+* Dosimeters not recovered 

,*+ Dosimeters a t  even-numbered stat ions only 
( ) Doses below confidence leve l  

, , 



B-1 (Continued) 

STATION DOSES AT DOSES AT 25 CENTIMETERS DOSE AT 1 METER DOSES AT 3 METERS DOSE AT SHRUBS*** 
GROUND 
LEVEL To ta l  Pb Sh ie lded Total Pb Shie lded Total Pb Shie lded Uncovered Po lyethy lene - 

Above Below -- Above . Below - - Above Below Covered 

Y e  Y H  H I< 5 t< II P 15 I! I< I e 

4 1 --- --- 300 ---  1,800 2,550 --- - - -  --- --- 450 2,550 
42 --- - - -  350 3,300 2,100 2,550 2,550 1,250 2,370 2,400 510 2,550 --- ---  --- 
43 ---  --- 200 --- 780 1,350 . - --  --- --- - - -  120 ' 840 
44 --- --- 160 - - -  --- --- 950 --- --- ,' 600 - - -  --- 450 150 100 
45 --- --- 90 - - -  --- - - -  - - -  --- - - -  - - -  --- --- 

--- --- --- ---  - - -  - - -  - - -  --- --- - - - -  46 40 - - -  --- - - -  - - -  
48 - - -  - - -  ( 5 )  - - -  - - -  - - -  - - -  --- - - -  - - -  - - -  - - -  30 (4.5) (25)  
50 - --  --- ( 4 )  --- - - -  - --  - - -  - - -  --- - - -  - - -  - - -  30 (3 .5 )  27 
52 --- --- (5) --- --- --- - .. - - -  - - 27 (5 .0 )  (21)  
54 --- - - -  ( 5 )  - - -  --- - - -  --- --- --- - - -  - - -  --- 30 (5 .0)  (24) 

56 --- - - -  --- - - -  - - -  --- - - -  - - -  - - -  - - -  27 (5 .0)  27 
58 --- --- 1681 1:: ---  - - -  - --  - - -  - - -  - - -  --- --- 30 (7.0) 27 
60 --- --- (15)  --- --- ---  --- - - -  --- - - -  - - -  - - -  33 (15.0)  (24) 
62 - - -  - - -  (15)  - --  ---  --- - - -  - - -  --- --- --- - - -  33 (15.0) (21)  
64 --- --- (20) --- --- - - -  - - -  --- - - -  - - -  --- - - -  60 (20.0)  54 

66 --- --- (25)  - - -  --- --- - - -  - - -  --- . - - -  --- - - -  45 (25.0) 27 

L --- Dosimeters no t  read o u t  
** Dosimeters no t  recovered 
*** Dosimeters a t  even-numbered s t a t i o n s  o n l y  
( ) Doses below conf idence l e v e l  

8-3 DIRECT DOSE MEASUREMENT FOR FUTURE EVENTS 

To supplement t h e  method of determining the  energy f luence and the  i n -  

t e r p r e t a t i o n  i n  terms o f  absorbed dose, a  dosimeter ma te r ia l  may be used d i r e c t l y  
* t o  measure absorbed dose if i t  absorbs on ly  a  n e g l i g i b l e  p o r t i o n  o f  t he  i n c i d e n t  

r a d i a t i o n  I. That i s ,  i f  consider ing an absorbt ion o f  t h e  form ~ ~ e ' ' ~ ,  the  ma- 

t e r i a l  i s  " t h i n "  under the  cond i t i on  t h a t  p t  = 0. 

From t h e  experience gained i n  measuring depth dose i n  the  CABRIOLET 

and SCHOONER c r a t e r i n g  f a l l o u t  f i e l d s ,  i t  was determined t h a t  a  d i rec t - read ing  ' dosimeter could be made w i t h  a  th ickness small  compared t o  the  beta  range o f  

325 mg/cmz. Th is  dosimeter, which cons is ts  o f  a  0.30-inch cube o f  hot-pressed 

CaF2:Mn, has been found t o  have a  s t a b l e  geometery, and measurements made w i t h  

i t  i n  r a d i a t i o n  f i e l d s  were cons is ten t  w i t h i n  a  probable e r r o r  o f  - + 3.R. 

Th is  smal l  cube may be p laced d i r e c t l y  a longside o f  a  stem, l e a f ,  

branch, o r  a t .  a  rneristem," thus p l a c i n g  dosimeter i  c  measurements a t  t he  v i t a l  

p o i n t s  o f  i n t e r e s t  t o  eco log ica l  s tud ies .  The gamma-ray c o n t r i b u t i o n s  may be 

evaluated i n  a  manner s i m i l a r  t o  t h a t  o f  t he  f luence measurements, by s h i e l d i n g  

w i t h  s u f f i c i e n t  m a t e r i a l  t o  e n t i r e l y  absorb e lectrons.  whi l e  producing a  negl i g i -  

b l e  e f f e c t  on t h e  gamma-ray component. 



APPENDIX C 

VEGETATION, DENSITY, AND COVER CALCULATIONS FOR THE AREA SOUTH 
OF SCHOONER 

Five s i tes ,  located west and south o f  GZ were selected as being repres- 

en ta t i ve  o f  the most diverse environments which may have resu l ted from creat ion 

o f  the SCHOONER c ra te r  (see Fig. C-1). A t  each o f  the s i tes ,  three 5-meter-radius 

p lo t s  were randomly chosen. S i t e  I, the most proximate t o  GZ, was located about 

50 meters west o f  GZ c ra te r  l i p  i n  an area characterized by massive overburdens o f  
mater ia l  thrown from the c ra te r  and a r e l a t i v e l y  h igh rad ia t i on  background. The 

most d i s tan t  s i t e  was located t o  the south i n  an undisturbed area beyond the base 
surge deposits where rad ia t ion  readings were essen t i a l l y  background. 

Approximate loca t ion  o f  s i t es  used f o r  inves t iga t ion  o f  e f f e c  
t a t i o n  from nuclear c ra te r ing  upwind from GZ. 

vege- 



Separate determinations o f  the numbers wi th in  a species i n  each circu- 
l a r  p l o t  were made, and the area occupied by each species was estimated. These 

data are l i s t e d  i n  Table C-1. 

Table C-1. Species o f  plants found from the SCHOONER cra ter  southward with 
estimates o f  t h e i r  density and cover. 



Table  C - 1  (Cont'd.) 
. . '_ . 

1 

- . . .  
X % COVER - 
X EENSITY  

TIMES X I N D I V I D U A L  
COVER - . 

- - 
0.66 

. --  
0.024 

-- 

--  
1.668 
9.089 

--  
NV 

- - 
0.170 
0.641 
0.0172 
0.383 

--  
--  

0.008 --  
--  

- - 
0.142 
0.563 
0.551 
0.433 

- 

2.98 
14.249 

.- - 
0.056 

--  

--  
--  

28.428 
0.333 
1.643 

--  
0.234 
0.386 
0.0027 - - 

- - 
0.793 

- - 
--  
- - 
--  

0.013 
--  
--  
- - 
- -  
--  
- -  
--  
- - 

DENSITY 

NUMBER OF 

INDIV IDUALS 
PLOT 

- - 
2.0 --  

.33 --  
--  

6.67 
7.67 --  
3.33 

--  
0.67 
7.0 
0.67 
0.33 

--  
- - 

0.33 --  
- -  

- -  
3.67 
7.0 

19.0 
4.67 

26.0 . 
6.3 

--  
.67 - - 
--  
- - 

92.6 
38.3 
53.0 

- -  
1 .O 
8.0 
0.33 

- - 

- -  
3.33 

. -- 
- - 
- - 
- - 

0.33 --  
--  
- -  

- - 
--  
--  
--  
- - 

FREQUENCY 

NUMBER OF 
PLOTS WITH A  

SPECIES 
PRESENT 

3 
. --  

0.33 --  
0.33 --  

--  
' 0.33 

1 .O --  
0.33 

--  
0.33 
1 .O 
1 .O 
0.33 

- - 
--  

"0.33 --  
--  

- -  
1.0 
0.66 
0.66 

1 .Sr 
1 .O 
0.33 

- -  

--  
--  

1 .O 
1 .O 

- -  
0.66 
0.33 --  

1 .o 
0.33 

--  
- - 

--  
0.33 

- - 
- -  

- - 
--  
--  
--  

SPECIES 

Ha Zoge ton 
glomeratus 

H i  Zaria 
jamesii 

Machaeranthera 
Zeucmthemi foZia 

Opuntia 
erinacea ' 

Oryzopsis 
hymenoides 

.Scr7soZa 
pes ti fera 

S i  tanion 
hys tr ix  

SpheraZcea 
ambigua 

StanZea 
eZata 

Totmdcmia 
g Zabrata 

Ps'athyrotes 
annua 

- 
X I N D I V I D U A L  

COVER - 
X % COVER 

I N D I V I D U A L  

--  
0.255 --  
0.0735 --  

- - 
0.250 
1.1850 

- -  
NV 

--  
0.253 
0.0916 
0.0256 
0.115 

--  - - 
0.023 --  

- -  

- - 
0.0386 
0.0804 
0.0290 
0.0928 

0.11475 
U. 2065 - - 
0.0837 --  

_ _  .I' 

- -  
0.307 

(0.00869) 
0.0310 

- - 
0.2337 
0.0482 
0.00815 

- - 

--  
0.238 --  

- - 
- - 
- -  

0.0407 --  
- -  
- - 

--  
--  
--  
- - 
--  

S I T E  

I 
I I 
I 1 1  
I V  
v 

I 
I I 
I 1 1  
I V  
V  . 

I 
I I 
I I I 
I V 
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Density data i n  Tab1e.C-1 i s  based on a separate determinat ion o f  the 

"number o f  i n d i v i d u a l s "  pe r  c i r c u l a r  p l o t .  F i f t e e n  c i  r c u l  a r - p l o t  determinat ions - 

were made f o r  each species. Next, P lo t s  (1, 2, 3) ,  (4, 5, 6),  (7, 8, 9), (10, 

11, 12), and (13, 14, 15) were each summed f o r  each species. I f  a species was 

absent f rom one o f  the th ree  p l o t s  a t  a s i t e ,  a zero was added. These sums were 

then d i v ided  by 3 ( f o r  3 p l o t s )  and the merm densi ty  (x dens i t y )  was recorded. 

Hence, mean dens i ty  i s  the number o f  i n d i v i d u a l s  pe r  p l o t  ( 1  p l o t  = 78.54 M2). 

Frequency data provides in fo rmat ion  as t o  what f r a c t i o n  o f  the th ree  

p l o t s  a t  each s i t e .  conta in  a .given species. That i s  

Frequency = 
Number of p l o t s  w i t h  a species present  

3 

Mean percent  cover was ca l cu la ted  as fo l lows:  Each i n d i v i d u a l  p l a n t  

was assigned an area o r  "cover value" according t o  a ca1,culated area assuming a 
rec tang le  o r  c i r c l e ,  as was more appropr iate f o r  t he  species concerned. These 

areas were summed and d i v ided  by the average area (cm2) fo r  each species f o r  each 

o f  the  15 p l o t s  ( th ree  a t  each o f  f i v e  s i t e s )  . Th is  value was added t o  s imi  l a r  

values f o r  the o the r  two p l o t s  a t  a s i t e  and the  sum d i v ided  by the  number o f  

p l o t s  having such est imates (1, 2, o r  3).  The r e s u l t i n g  value (T % c o v e r l i n d i -  

v i dua l )  was then m u l t i p l i e d  by the dens i ty  t o  g i ve  the  jr X species cover. Fol -  

lowing i s  an example o f  the c a l c u l a t i o n  f o r  SaZsoZa a t  P l o t  C, S i t e  I: 

The t o t a l  area covered by the 25 i n d i v i d u a l  SaZsoZa a t  P l o t  C was 

23,405 cm2. Thus, the c o v e r l i n d i  v i  dual was 

S ince- the  area o f  each o f  t he  th ree  p l o t s  a t  each s i t e  was 78.54 m2, the 

pircent . o f  the t o t a l  area a t  P l o t  C covered by a mean-size SaZsoZa was 

The mean percent  cover ('jl % cover) f o r  S i t e  I SaZsoZa becomes the sums 

o f  P l o t s  A (0.1148%), B (0.1104%), and C (0.1192%) d i v ided  by the number of p l o t s :  



T h i s  va lue  mu1 t i p l i e d  by t he  mean number o f  i n d i v i d u a l s  a t  t h e  t h r e e  p l o t s ,  

( t h a t  i s ,  26) g ives  t h e  mean percen t  cover f o r  t h e  spec ies:  

- 
X % cover  = 26 x 0.1148% = 2.98% 



APPENDIX D 

SHRUB VOLUMES AND ESTIMATES OF EXTENT OF DAMAGE AT SELECTED 
DOSIMETER STATIONS 

1 .  I n  A p r i l  1970 (D p lus  16 months), an attempt was made t o  measure the  

I s izes  of 100 shrubs and est imate t h e  ex ten t  of t h e i r  damage.in the main p a r t  

(nor thern  sec tor )  o f  the  fa1  l o u t '  p a t t e r n  along t h e  dosimeter a r c  a t  each s t a t i o n  

from I O N  t o  11. 

S ta t ions  4 through 8N were, however, subsequently omi t ted from the sur-  

vey. A t  some of these s t a t i o n s  a l l  Artemisia was k i l l e d ,  and a t  others such a 

1 arge p ropo r t i on  was k i  1  l e d  t h a t  the  determi n a t i o n  o f '  the shrubs damaged and 

t h e i r  s i z e s  would have had l i t t l e  s ign i f i cance .  S t a t i o n  9 was n o t  analyzed be- 

cause the  number o f  shrubs avai l a b l e  was too  few. 

Shrub volumes were ca l cu la ted  as if the shrubs were cy l i nde rs ,  us ing  a 

mean o f  two measured diameters and the  he igh ts  as dimensions o f  the cy l i nde rs .  

Shrub damage was est imated according t o  the  fo l low ing percent-damage categor ies:  

1. - 0% - No v i sua l  damage, shrub w i t h  normal in f lo rescence 
development. 

- 

2 -  i 25% - Approximately 25% o f  the  shrub showing damage. v is . ,  l oss  
o f  leaves approximating t h a t  amount and showing suppressed i n -  

/ f lorescence development o r  absence o f  in f lo rescence development. 

3. 50% - Approximately 50% of t he  shrub showing damage as i n  
Category 2. 

4. 75% - Approximately 75% o f  t he  shrub showing damage as i n  
Category 2. 

5. . l o o %  - Dead, i .e., completely de fo l i a ted ,  o r  remaining 
f o l i a g e  d ry  and gray-brown and sub jec t  t o  f a l l  when 
d is turbed.  

. . 
. '  Complete tabu la t i ons  of the  data obta ined from t h i s  survey are presented 

i n  Tables D-1 through D-8. 
I 



Table D-1. S t a t i o n  I O N  shrub volumes and 
est imated e x t e n t  of damage. 

Table D-2. S t a t i o n  9 ~ ' s h r u b  volumes and 
est imated ex ten t  of damage. 

T o t a l  
sample 

8 
2 4 
14 
12 

4 
3 

2 
5 
o 
0 
0 
- 2 
7 4 

Ca l cu la ted  
shrub 
volume 
(M3) 

0.5 
1 .O 
1.5 
2.0 
2.5 
3.0 

3.5 
4.0 
4.5 
5.0 
5.5 
6.0 

ESTIMATED EXTENT OF DAMAGE ( % )  

0 25 50 75 loo 

NUMBERS OF SHRUBS IN  EACH CATEGORY 

1 4 i 1 1 
13 7 3 1 0 
6 6 2 0 0 
3 7 0 1 1 
1 2 1 0 0 
0 2 1 0 0 

1 0 1 0 0 
1 4 0 0 0 
o n o o o 
0 0 0 0 U 
0 0 0 0 0 
0 2 0 U 0 

DOSE (RADS) AT DOSIMETER STATION 

Gamma 380 
Beta 3420 
t o t a l  3800 

T o t a l  
sample 

16 
12 
16 
10 
13 
'1 5 

5 
7 
2 
1 
0 
4 m 

C a l c u l a t e d  
shrub 
volume 
( M 3  

0.5 
1 .o 
'1 .5 
2.0 

. 2.5 
3.0 

3.5 
4.0 
4.5 
5.0 
5.5 
6.0 

ESTIMATED EXTENT OF DAMAGE (%) 

0 2 5 50 75 loo 

NUMBERS OF SHRUES IN  EACH CATEGORY 

3 3 5 3 2 
4 ' 2 2 3 1 

4 2 4 5 1 
0 5 2 3 0 
4 7 . 1  1 0 
2 9 3 1 U 

1 1 2 1 0 
1 5 1 0 0 
0 0 2 0 0 
0 1 0 0 0 
0 0 0 0 0 
0 2 0 2 0 

DOSE (RADS) AT DOSIMETER STATION 

Gamma 500 
Beta  4500 
T o t a l  5000 



. . . .  ' 
. . 

.. ..., : 

Table D-3. S t a t i o n . 5 ' s h r u b '  volumes and e s t ima ted  
. . . e x t e n t  o f -  damage. - .  . . 

. . 
. . 

C a l c u l a t e d  
shrub 
volume 
(M3) 

0.5 
1 .O 
1.5 
2.0, 
2.5 

. 3.0 . 

3.5 
4.0 
4.5 
5.0 
5.5 
6.0 

Ca lcu la ted  
shrub 
vo 1 ume 
(M3) 

0.5 
1 .O 
1.5 
2.0 
2.5 
3.0 

3.5 
4.0 
4.5 
5.0 
5.5 
6 :  0 

ESTIMATED EXTENT OF DAMAGE (%) 

0 .  25 50 7 5 . loo 

NUMBERS OF SHRUBS I N  EACH CATEGORY 

0 ' 1  1 2 4 
2 . 5  3 2 5 
2 3 2 3 5 
1 2 .  1 6 1 
0 6 3 4 1 . 
0 . 2 1 2 4 

0 .  0 1 0 1 
0 0 0 1 0 
0 0 1 0 .  0 
0 0 0 2 0 
0 0 0 0 0 
0 1 .  1 0 0 

DOSE (RADS) AT DOSIMETER STATION 

Gamma 610 
Beta 4830 
T o t a l  

T o t a l  
s imp le  

8 
17 
15 
11 
14 

9 

2 
1 
1 
2 
0 
2 - 

82 

ESTIMATE0 EXTENT OF DAMAGE (%) 

0 2 5 50 75 loo 

NUMBERS OF SHRUBS I:J EACH CATEGORY 

0 0 3 0 12 
1 2 5 7 6 
0 1 6 8 7 
2 4 3 5 2 
0 1 2 1 1 
0 1 3 3 3 

0 5 1 1 1 
1 0 1 0 1 
0 1 0 0 .  0 
0 0 0 1 0 
0 0 1 0 1 
0 0 2 0 0 

DOSE (RAOS) AT DOSIMETER STATION 

Gamma 600 
Be la  4650 
T o t a l  5250 

T o t a l  
sample 

15 
21 
2 2 
16 
5 

10 

8 
3 
1 
1 
2 
2 - 

106 



Table D-5. Station 7 shrub volumes and estimated 
extent o f  damage. 

Table 8-6. Station 8 shrub volumes and estimated 
extent of damage. 

Calcu la ted 
shrub 
vo l  ume 
(M3 1 

0.5 
1 .O 
1.5 
2.0 
2.5 . 
3.0 

3.5 
4.0 
4.5 
5.0 
5.5 
6.0, 

ESTIMATED EXTENT OF DAMAGE (%) 

0 2 5 50 75 loo 

NUMBERS OF SHRUBS IN EACH CATEGORY 

0 2 1 2 4 
0 3 4 11 19 
1 1 0 3 10 
1 2 4 8 3 
0 2 1 1 2 
0 0 0 2 2 

1 1 1 2 1 
1 0 0 1 2 
0 1 0 0 0 
1 0 0 2 0 
0 0 . 1  1 0 
1 0 0 0 0 

DOSE (RADS) AT DOSIMETER STATION 

Gamma 700 
Beta 5100 
To ta l  5800 

Ca lcu la ted  
shrub 
vo l  ume 
( M 3 )  

0.5 
1 .O 
1.5 
2.0 
2.5 
3.0 

3.5 
4.0 
4.5 
5.0 
5.5 
6.0 

T o t a l  
sample 

9 - 
37 
15 
18 
6 
4 

6 
4 
1 
3 
2 
1 

706 

ESTIMATED EXTENT OF DAMAGE (%) 

0 25 50 75 loo 

NUMBERS OF SHRUBS I N  EACH CATEGORY 

1 0 3 3 5 
0 5 2 11 11 
0 . 1  3 8 4 
1 0 3 6 4 
0 5 2 3 1 
0 1 1 -  3 0 

1 0 1 1 0 
0 1 1 0 1 
0 0 0 1 0 
0 1 0 0 0 
0 0 0 0 0 
2 2 0 0 1 

DOSE (RADS) AT DOSIMETER STATION 

Gamma 720 
Beta 5040 
T o t a l  5760 

T o t a l  
sample 

12 
29 
16 
14 
11 
5 

3 
3 
1 
1 
0 
- 5 
100 



Table D-7. S t a t i o n  10 shrub volumes and est imated 
e x t e n t  o f  damage. 

Table D-8. S t a t i o n  11 shrub volumes and est imated 
. e x t e n t  o f  damage. 

Calculated 
shrub 
vo 1 ume 
(M3) 

0.5 
1.0 
1.5 
2.0 

' 2.5 
. . 3.0 

3.5 
4.0 

- 4.5 
5.0 
5.5 
6.0 

ESTIMATEO EXTENT OF DAMAGE ( I )  

9 25 . 50 . 75 ., '0° 

NUMBERS OF SHRUBS IN EACH CATEGORY 

5 2 1 , 6  5 
4 5 8 11 4 
0 4 5 8 2 
0 6 5 2 5 
1 .1 5 6 2 
2 5 2 2 2 

0 2 0 0 0 
1 0 0 1 0 
0 1 0 1 0 
0 0 .  0 1 0 
0 0 0 0 0 
1 0 0 0 0 

OOSE (RAOS) AT DOSIMETER STATION 

Gamma 800 
Beta 5400 
Tota l  6200 

Calculated 
shrub 
volume 
(M3) 

0.5 
1 .O 
1.5 
2.0 
2.5 
3.0 

3.5 
4.0 
4.5 
5.0 
5.5 
6.0 

1 

To ta l  
sample 

. 

19 - 
32 
19 
18 
15 
13 

2 
2 
2 
1 
0 
- 1 
124 

ESTIMATE0 EXTENT OF OAMAGE (%)  

0 2 5 50 75 loo 

NUMBERS OF SHRUBS IN  EACH CATEGORY 

1 3 7 3 2 
4 6 9 6 4 
3 7 7 3 1 
1 4 3 2 1 
0 0 1 1 2 
0 5 1 1 2 

0 1 0 1 0 
0 1 2 0 0 
0 1 1 0 0 
0 1 0 0 0 
0 1 0 0 0 
0 0 1 1 0 

OOSE (RAOS) AT DOSIMETER STATION 

Gamna 750' 
Beta 5100 
Tota l  5850 

Tota l  
sample 

16 
29 
21 
11 
4 
9 

2 
3 
2 
1 
1 
2 

101 
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