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Abs t rac t  

The p rospec t i ve  he1 i o s t a t  f i  e l  d  and t h e  env i  ronment downwind ( e a s t )  

o f  t h e  s i t e  o f  S o l a r  One were examined .dur ing  1978 and 1979--before 

c o n s t r u c t i o n  began. Observat ions then  con t inued  between 0c tober  1979 a n d  

August 1981, d u r i n g  c o n s t r u c t i o n  o f  t h e  power p l a n t .  As expected, 

c l e a r i n g  and g rad ing  t he  h e l i o s t a t  f i e l d  i n  t h e  f a l l  o f  1979 removed 

e s s e n t i a l l y  a l l  p l a n t s  and animals f rom t h e  area. Be fo re  t h e  f i e l d  was 

c leared,  we recorded about  25 k i n d s  o f  annual p l a n t s ,  w i t h  .an aggregate 

d e n s i t y  o f  f rom 3000 t o  8900 p l a n t s  p e r  m2 and an aggregate d r y  we igh t  

s t and ing  c r o p  o f  f rom 670 t o  930 k g - h a - l .  I n  t h e  s p r i n g  o f  1980, about 

s i x  months a f t e r  c l e a r i n g ,  t h e  f i e l d  appeared. b a r r e n  f rom a d is tance .  

However, 25 d i f f e r e n t  k i n d s  o f  p l a n t s  were found i n  areas n o t  s u b j e c t  t o  

heavy.use. About h a l f  o f  these were non-na t i ve  spec ies and a number o f  

these were pests  (e ig . ,  Bermuda grass, Russian t h i s t l e ) , .  Be fo re  con- 

s t r u c t i o n  t h e  f i e l d  sus ta i ned  a t  l e a s t  20 d i f f e r e n t  k i nds  o f  b i r d s .  

Dur ing  t h e  f i r s t  ha1 f o f  1981 o n l y  t e n  spec ies were observed and most o f  

these were s imp ly  f l y i n g  ove r  t h e  f i e l d .  The o n l y  b i r d  commonly seen on 

t h e  ground w i t h i n  t h e  h e l i o s t a t  f i e l d  was t h e  Horned Lark.  Regular inspec-  

t i o n s  o f  h e l i o s t a t s ' i n  a l l  f o u r  quadrants o f  t h e  f i e l d  i n  1981 showed t h a t  

b i r d s  i n  these areas behaved' norma l l y .  No. b i r d s  were seen on pedes ta ls  o r  

h e l i o s t a t s ,  o r  around t h e  pe r i phe ry  o f  t h e  co re  area.  One dead b i r d  

(Say 's  Phoebe) was found i n  March 1981. Some r e p t i l e s  a.nd rodents  sur -  

v i v e d  c l e a r i n g  o f  t h e  f i e l d  and a few snakes were seen around b u i l d i n g s  

i n  t h e  s p r i n g  @f 1,980. We judge t h a t  few o f  these  animals were s t i l l  

p resen t  i n  1981 . . . 

. . 
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O f f - f i e l d  o,bservat ions were made a t .  v a r y i n g  d is tances  f rom t h e  fence  

a l o n g  t h e  eas te rn  ma rg in  o f  t h e  f i e l d .  The p r i n c i p a l  env i ronmenta l  e f f e c t  

observed  i n  t hese  areas was t h e  t r a n s p o r t  and d e p o s i t i o n  o f  sand and o t h e r  

s o i l  p a r t i c l e s  i n t o  areas n o r t h e a s t  and eas t  o f  t h e  c l e a r e d  a rea .  Th is  

a r c  o f  d i s p l a c e d  m a t e r i a l  was c l e a r l y  v i s i b l e  i n  a e r i a l  photographs t o  a  

d i s t a n c e  o f  around 100-125 m. Measured changes i n  h e i g h t s  o f  sand dunes 

between October 1979 and January 1980 ranged f rom 25 cm a t  a  p o i n t  35 m f rom 

t h e  edge o f  t h e  f i e l d  t o  1-2 cm between 85 and 100 m  from t h e  edge. Sand 

con t i nued  t o  accumulate  between January 1980 and May 1981. Th is  m a t e r i a l -  

was n o t  depos i t ed  u n i f o r m l y ,  bu t  formed l o c a l  i z e d  depos i t s  around shrubs 

and o t h e r  o b s t r u c t i o n s  t o  a i r  f l o w .  

B a s e l i n e  tempera tu re  p r o f i l e  measurements were made a t  two s i t e s  near 

t h e  he1 i o s  t a t  f i e l d  between November 1980 and J u l y  '1  981 . The exper imenta l  

s i t e  was d i r e c t l y  downwind o f  t h e  h e l i o s t a t  f i e l d ,  where we would expect  

maximal e f f e ~ t s  o f  t h e  power p l a n t  on wind and temperature p r o f i l e s .  The 

c o n t r o l  s i t e  was 700 m n o r t h  o f  t h i s  s i t e ,  i n  an area where p r e v a i l i n g  w e s t e r l y  

winds would' n o t  be a f f e c t e d  by power p l a n t  s t r u c t u r e s .  S t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e s  i n  a i r  tempera tu re  were observed a t  these  s i t e s  , and 

r e l a t i o n s h i p s  were a f f e c t e d  b y  t i m e  o f  y e a r .  The d i f f e r e n c e s  were sma l l ,  

b u t  t h e i r  p o t e n t i a l  b i o l o g i c a l  s i g n i f i c a n c e  cannot  be d iscoun ted .  These  

d i f f e r e n c e s  a r e  n o t  n e c e s s a r i l y  assoc ia ted  w i t h  c o n s t r u c t i o n  a c t i v i t i e s ,  and 

can  b e s t  be viewed as background w i t h  which f u t u r e  measurements d u r i n g  t e s t i n g  

and o p e r a t i o n  may be compared. 

I n  areas where sand was deposited, '  some elements o f  annual v e g e t a t i o n  

were a f f e c t e d .  I n  area's 125 m f rom t h e  h e l i o s t a t  f i e l d  t o t a l  numbers o f  

spec ies  were reduced ( i n  1981) r e l a t i v e  t o  numbers recorded  i n  f o u r  more 



d i s t a n t  p l o t s .  Aggregate dens i t y  o f  annual p l a n t s  i n  one o f  t h e  c l o s e - i n  

p l o t s  was r e l a t i v e l y  more reduced i n  1981. Grass (Schismus a rab i cus )  growing 

i n  new sand was more sparse than i n  und is tu rbed  areas, b u t  i n d i v i d u a l  

p l a n t s  were l a r g e r .  I n d i v i d u a l s  o f  Erodium c i c u t a r i u m  were b o t h  fewer i n  

nimber and sma l l e r  i n  sandy areas w i t h i n  100 m o f  t h e  f i e l d  i n  A p r i l  1981. I n  

t he  s p r i n g  o f  1980. s i g n i f i c a n t l y  more w h i p t a i l e d  l i z a r d s  were counted a long  

a  l i n e  50 m eas t  o f  t h e  f i e l d  than  a long  l i n e s  360 and 610 m f rom t h e  f i e l d ;  

by t h e  s p r i n g  o f  1981 counts a long  t h i s  l i n e  were comparable t o  those made 

on l i n e s  f a r t h e r  downwind. We suspect  t h a t  o t h e r  i n d i r e c t  b i o l o g i c a l  e f f e c t s  

o f  t h i s  na tu re  occur red  b u t  were n o t  measured. I n  any event, t h e  zone o f  

d i s t u rbance  on t h e  downwind s i de ,  o f  t h e  he1 i o s t a t  f i e l d  was appa ren t l y  o n l y  

100-125 m wide- - represen t ing  a  very  smal l  area when con t ras ted  w i t h  t h e  

area o f  t h e  h e l i o s t a t  f i e l d  i t s e l f .  

Measurements o f  a i r  q u a l i t y  made 102 km sou th  and %1 km southeast  

o f  t h e  s o l a r  s i t e  revea led  v i o l a t i o n s  o f  bo th  s t a t e  (10 pphm) and f ede ra l  

(12 pphm) ozone standards d u r i n g  t h e  s p r i n g  and summer o f  1980. We do 

n o t  b e l i e v e  t h a t  amounts o f  ozone i n  t he  a i r  were i n f l u e n c e d  by cons t ruc -  

t i o n  a c t i v i  tes .  Measurements o f  NO2 and NO were always below ' re levan t .  

s tandards.  Amounts o f  a i r b o r n e  p a r t i c u l a t e s  c o l l e c t e d  downwind o f  t h e  s i t e  

were n o t  unusual except  d u r i n g  pe r i ods  o f  h i q h  winds, and t h e r e  was no 

reason t o  suspect any e f f e c t s  o f  c o n s t r u c t i o n .  

Vegeta t i ve  growth and rep roduc t i on  by t h r e e  spec ies o f  shrubs were 

con t ras ted  i n  p l o t s  100, 400 and 800 m downwind o f  t h e  f i e l d  i n  1980 and 

1981. we' de tec ted  o n l y  a  few s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  among 

a  v a r i e t y  o f .measured parameters, and none c o u l d  be l o g i c a l l y  r e l a t e d  t o  



c o n s t r u c t i o n  o f  S o l a r  One. Analyses o f  popu la t i ons  o f '  kangaroo r a t s  and 

ground s q u i r r e l s  occupying areas 150 and 600 m downwind o f  the f i e l d  

showed s i m i l a r  t ime  t r ends  i n  d e n s i t i e s  and mean body h e i g h t s .  Analyses 

o f  t h e  r e l a t i v e  abundance o f  j u v e n i l e s  o f  theses spec ies i n  these two 

areas i,n J u l y  o f  1979, 1980 and 1981 showed no evidence t h a t  r ep roduc t i on  

i n  t h e  c l o s e - i n  area was a f f e c t e d .  S i m i l a r l y ,  es t imates  o f  d e n s i t i e s  o f  

horned 1  arks i n  a reas  300-600 m and 1.9-4.5 km eas t  o f  t h e  f i e l d  and counts  

o f  g r i d i r o n - t a i l e d '  l i z a r d s  a l o n g  l i n e s '  50, 360 and 610 m  eas t  o f  t h e  f i e l d  

between 1979 and 1981 showed no changes a t t r i b u t a b l e  t o  c o n s t r u c t i o n  

a c t i v i t i e s .  
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1  . I n t r o d u c t i o n  

The goal  o f  t h e  So la r  Thermal Energy Systems D i v i s i o n  o f  t h e  U.S. 

Department o f  Energy (DOE) i s  t o  suppor t  and a c c e l e r a t e  development o f  a  

s e l f - s u s t a i n l n g  s o l a r  thermal i n d u s t r y .  Cons t ruc t i on  and o p e r a t i o n  o f  

demonst ra t ion f a c i l i t i e s  t o  va'l i d a t e  t e c h n i c a l  and econom'ic f e a s i b i l i t y ,  

as we1 1  as t o  c o n f i r m  env i ronmenta l  a c c e p t a b i l i t y  o f  t h e  technology,  i s  

an impo r tan t  element o f  DOE s t r a t e g y .  The DOE, t oge the r  w i t h  t h e  Southern 

C a l i f o r n i a  Edison Company (SCE), t h e  C a l i f o r n i a  S t a t e  Energy Commission, 

and t h e  Los Angeles Department o f  Water and Power, i s  c o n s t r u c t i n g  a  1 0  

MWe s o l a r  thermal  power system (,STPS) near  Barstow, i n  San Bernard ino  

C o u n t y , C a l i f o r n i a  ( F i g .  1 ) .  Th i s  p r o j e c t ,  S o l a r  One, r ep resen t s  t h e  f i r s t  

l a r g e  c e n t r a l  recei .ver- type s o l a r  f a c i l i t y  f o r  gene ra t i ng  e l e c t r i c i t y  

cons t ruc ted  i n  t h i s  coun t r y .  The Labo ra to r y  o f  Biomedical  and'  Environmental  

Sciences (LBES), a c t i n g  f o r  DOE, was ass igned r e s p o n s i b i l i t y  f o r  assess ing 

env i ronmenta l  consequences o f  c o n s t r u c t i n g  S o l a r  One. 

S o l a r  energy i s  g e n e r a l l y  perce ived  as e c o l ~ g i c a l l y  benign, b u t  i t  

i s  impo r tan t  t o  c 'onf i rm t h i s  pe rcep t i on  by obse rva t i ons  made d u r i n g  t h e  

c o n s t r u c t i o n ,  t e s t i n g  and o p e r a t i o n  o f  a  s o l a r  thermal power p l a n t .  

P o s s i b l e  env i ronmenta l  impacts o f  s o l a r  thermal  power systems have been 

d iscussed i n  a  number o f , e a r l i e r  r e p o r t s  and papers ( P r i t c h e t t  1975, Energy 

Research and Development A d m i n i s t r a t i o n  1977, Environmental  Improvement 

Agency 1977, B lack  and Veatch and E l e c t r i c  Power Research I n s t i t u t e  1977, 

Davidson and Grether  1977, Pa t t en  1978, Energy and Cnvi r o ~ ~ r ~ ~ r r l t a l  At'ialysi s  

1979, Turner 1980, S t r o j a n  1980, Bhumralkar e t  a l .  1980, and L i ndbe rg  and 

P e r r i n e  1981 ).. ~ h e s ' e .  dea l  p r i n c i p a l l y  w i  t h  p o t e n t i a l  e f f e c t s  o f  o p e r a t i n g  
. . 

such power. p l a n t s ,  and l e s s  'so w i t h  impacts  n f  c o n s t r u c t i o n  a c t i v i t i e s .  



F igu re  1.  Gener,al area map showing Barstow, C a l i f o r n i a ,  and 

proposcd s i t e  o f  10 MWo c;olclr ther111a1 power p l a n t  

( E I A ,  1977).  



Nevertheless, we be l ieve t h a t  an appraisal o f  the l a t t e r ,  under r e a l - l i f e  

condit ions, i s  a valuable opportunity--and one which w i l l  serve t o  promote 

commercial development o f  the  technology. 

Solar One i s  being b u i l t  about 19 km east o f  Barstow, Cal i fo rn ia ,  on 

land owned by SCE ( ~ i g .  2 ) .  The s i t e  i s  a t  an e levat ion o f  590 rn and i n  the 

western por t ion  o f  the Mojave Desert on the ancient  f l ood  p l a i n  o f  the Mojave 

River. A deta i led  discussion o f  s i t e  geology and hydrology was developed i n  

the environmental impact analysis. The p lan t  s i t e  receives qbout 3500 hours 

o f  sunshine annually. The perennial vegetat ion o f  the s i t e  and environs i s  

composed mainly o f  three shrubs : bursage (Ambrosia dwnosa), sal  tbush 

(A t r i p l ex  polycarpa) and creosotebush (Larrea t r i d e n t a t a I i c  The h e l i o s t a t  

f i e l d  was o r i g i n a l l y  cleared of natural  vegetat ion i n  1953 and crops $ r ~ w n  

u n t i l  1956. A f t e r  the f i e l d  was abandoned natural  processes of recovery 

began, and i n  1979 t he  predominant shrub on the m i r r o r  f i e l d  was saltbush. 

Farther east  the most common shrubs are creosotebush and bursage. Annual 

p lants  and animals occupying the area are t y p i c a l  o f  the Ma$ave. Desert. 

L i s t s  o f  species may be found i n  the o r i g i n a l  impact analysis and i n  a 

pre-cons t r u c t i o n  s i t e  descrTption conducted i n  1 gf8 and 1979 (Environmental 

Improvement Agency 1977, Turher 1979). 

The purpose of the pre-construct ion observations was t o  i )  es tab l i sh  

normal a t t r i bu tes  o f  the ecosystem, ii) evaluate seasonal va r ia t ions  

i n  these a t t r i bu tes ,  and i i i )  i d e n t i f y  set ected species o r  groups of species 

whose s ta tus could be conveniently monitored dur ing construct ion.  The 

purpose o f  observations dur ing the construct ion phase was t o  determine 

whether the  environment east (downwind) of the construct ion area was 

de le te r ious ly  affected i n  any way. 



FIgpw 2, hbp ~f Southern Califarnia Edissflts Coo1 Wat.pE pmpert:, near 

Barstou, Cal i forn ia ,  shawing proposed s i t e  of ss1a.r thermal 

powr plant (EIA, 1 9 7 7 ) .  



2 .  . A genera l  p l a n  o f  env i ronmenta l  m o n i t o r i n g  

I n  s e t t i n g  up a  p l a n  o f  m o n i t o r i n g  we d i d  n o t  adopt a  t o t a l  ecosystems 

approach. As Su te r  ( 1  981 ) has po in ted  o u t ,  . t h e r e  a r e  o f t e n  good reasons 

n o t  t o  do t h i s  because i t  i s  so d i f f i c u l t  t o  b r i n g  genera l  e c o l o g i c a l  

t heo ry  t o  bear on p r o j e c t - s p e c i f i c  i s sues .  More impor tan t ,  t h e  e v a l u a t i o n  

o f  a  comprehensive a r r a y  o f  v a r i a b l e s  (.e .g., many mic rometeoro log ica l  

parameters, s t a t i c  and dynamic f ea tu res  o f  many d i f f e r e n t  k i nds  o f  p l a n t s  

and a n i m a l s ) '  i s  n o t  economica l l y  f e a s i b l e .  We s imp ly  made comparisons o f  a  

few key me teo ro l og i ca l  v a r i a b l e s  and changes i n  t h e  s t a t e s  o f  a  l i m i t e d  

a r r a y  o f  " i n d i c a t o r "  spec ies o r  assemblages o f  spec ies o f  p l a n t s  and an imals .  

I n d i c a t o r  spec ies  were n u m e r i c a l l y  abundant and possessed a t t r i b u t e s  amenable 

t o  conven ien t  and r e l i a b l e  eva lua t ion - -whe ther  o f  growth,  r ep roduc t i on ,  o r  

numbers. I n d i c a t o r  spec ies a l s o  e x h i b i t e d  p r e - c o n s t r u c t i o n  s i m i l a r i t y  i n  

areas a d j o i n i n g  ( b u t  n o t  w i t h i n )  and a t  a  d i s t a n c e  f rom t h e  m i r r o r  f i e l d .  

The areas o f  i n t e r e s t  were those  i ) immediate ly  eas't (downwind) o f  t h e  m i r r o r  

f i e l d ;  and i i )  f rom 300 m t o  4 km eas t  o f  t h e  f i e l d - - t h e  d i s t a n c e  depending 

on what was compared and eva lua ted .  

We were a l s o  i n f l u e n c e d  i n  o u r  p l ann ing  by  t h e  e x p e c t a t i o n  t h a t  t h e  

program would con t i nue  n o t  o n l y  th rough  t h e  per i 'od o f  c o n s t r u c t i o n  o f  

S o l a r  One, b u t  a l s o  d u r i n g  t e s t i n g  and o p e r a t i o n  o f  t h e  f a c i l i t y .  Many 

o f  t h e  phys i ca l  measurements we made downwind o f  t h e  s i t e s  were more l o g i c a l l y  

r e l a t e d  t o  o p e r a t i o n a l  than  c o n s t r u c t i o n  phases o f  t h e  p r o j e c t .  

We expected t h a t . l a r g e  amounts o f  dus t  and sand would be blown i n t o  

areas (downwind) o f  t h e  h k l i o s t a t  f i e l d  when t h e  area Nas c l e a r e d  atid 

graded i n  t h e  f a l l  o f  1979. Th i s  s 'o r t  o f  unconso l ida ted  m a t e r i a l  i s  

impo r tan t  n o t  o'nly because' of  i t s  p o s s i b l e  e f f e c t s  on t h e  p f f - f i e l d  environment,  



b u t  a1s.o pecause i t  c o u l d  i n t e r f e r e  w i t h  success fu l  o p e r a t i o n  o f  t h e  

f a c i l i t y .  ~ a r ~ e '  amounts o f  l oose  sand o u t s i d e  t h e  h e l i o s t a t  f i . e l d  cou ld  be 

r e m o b i l i z e d  by winds b l ow ing  f rom t h e  eas t  and c a r r i e d  back i n t o  t h e  

f i e l d .  Whether t h i s  i s  r e a l l y  an impo r tan t  p o i n t  can o n l y  be asce r t a i ned  

by  a c t u a l  o p e r a t i n g  exper ience .  

Ambient a i r  q u a l i t y  i n  t h e  v i c i n i t y  o f  t h e  so, lar  s i t e  has been analyzed 

by Env i ronmenta l  A p p l i c a t i o n s ,  I n c .  ( 1  980), where t h e r e  i s  a  good d i s c u s s i o n  

o f  t h e  genera l  i n f l u e n c e s  o f  p o l l u t a n t s  from t h e  Los Angeles Bas in .  More 

l o c a l l y ,  t h e  p r ima ry  source o f  p o l l u t a n t s  i s  Southern C a l i f o r n i a  Ed ison 's  

Cool GJater Gene ra t i n1  s t a t i o n .  Through 1978 t h e  s t a t i o n  c o n s i s t e d  o f  two 

gas-burn ing u n i t s .  E a r l y  i n  1979 a  t h i r d  u n i t  went on 1  i n e t  and a  f o u r t h  

u n i t  was completed d u r i n g  t h e  summer o f  1979. These l a s t  two u n i t s  burn  a  

d i s t i l l a t e  r esemb l i ng  j e t  f u e l .  The c e n t r a l  r e c e i v e r  o f  a  s o l a r  thermal 

power p l a n t  becomes so h o t  ( ca .  500' C) d u r i n g  o p e r a t i o n  t h a t  va r i ous  

chemical  r e a c t i o n s  a r e  c a t a l y z e d  i n  t h e  a i r  n e x t  t o  t h e  r e c e i v e r  w a l l .  

For example, n i t r o g e n  and oxygen i n  t h e  a i r  combine t o  form NO,. It i s  

cons idered  d o u b t f u l  t h a t  amounts o f  NOx formed i n  t h i s  way would be a t  a l l  

s i g n i f i c a n t  i n  terms o f  l o c a l  a i r  q u a l i t y ,  However, t h e r e  i s  m e r i t  i n  

d e t e r m i n i n g  p resen t  amounts o f  NOx i n  t h e  env i r ons  o f  t h e  s o l a r  s i t e .  

Me teo ro l og i ca l  m o n i t o r i n g  w i t h i n  t h e  he1 i o s t a t  f i e l d  w i l l  be c a r r i e d  

o u t  by MDAC (McDonnell Douglas A s t r o n a u t i c s  Co. 1979).  The measurements 

proposed bear on o p e r a t i o n  o f  t h e  f a c i l i t y  and a n a l y s i s  o f  i t s  performance. 

The h i g h e s t  p r i o r i t y  measurements have been d e f i n e d  as d i r e c t  i n s o l a t i o n ,  

w ind  speed, c l o u d  shadow p a t t e r n ,  w ind d i r e c t i o n ,  d r y  b u l b  tempera tu re .  

dew p o i n t  temperature,  and ha i  1 f o rma t i on .  Lower p r i o r i t y  r~ieasurenients 

i n c l u d e  c i r cumso la r  r a d i a t i o n ,  atmospher ic t u r b i d i t y ,  ba romet r i c  p ressure ,  



p r e c i p i t a t i o n ,  and g l oba l  i n s o l a t i o n .  I n  t h i s  scheme p r e c i p i t a t i o n  i s  a  ' 

low p r i o r i t y  v a r i a b l e ,  and r a i n f a l l  da ta  a r e  impor tan t  o n l y  as t hey  may 

bear  'on t h e  c l eans ing  o f  h e l i o s t a t s .  I t  i s  a l s o  impo r tan t  t o  unders tand 

how changes i n  t h e  m i c r o c l i m a t e  o f  t h e  h e l i o s t a t  f i e l d  may i n f l u e n c e  

c o n d i t i o n s  beyond t h e  boundar ies o f  t h e  p l a n t  s i t e ,  

Some qua1 i t a t i v e  p r e d i c t i o n s  o f  m ic ro -  t o  mesocl i m a t i c  changes i n  a  

h e l i o s t a t  f i e l d  have been based on assumed a1 t e r a t i o n s  o f  a lbedo coupled 

w i t h  e f f e c t s  o f  h e l i o s t a t s  on normal a i r  f l o w  (Energy Research and 

Development Admi n i s t r a t i o n  1977, Energy and Environmental '  Ana l ys i s  ,. 1979) . 

Other more q u a n t i t a t i v e  f o recas t s  have been based on .computer s i m u l a t i o n s  

(Davidson and Gre ther  1977, Bhumral k a r  e t  a1 . 1980) .  A11 o f  these  

eva lua t i ons  have i n v o l v e d  ve ry  l a r g e  systems ( >  - 100 MWe), and n o t  a l l  a r e  

i n  agreement. One assessment expressed t h e  v iew t h a t  t h e  n e t  a1 bedo 

o f  t h e  . h e l i o s t a t  f i e l d  would be about 56%, almost  t w i c e  as h i g h  as t h e  

n a t u r a l  a lbedo o f  t h e  env i rons .  I t  was f u r t h e r  s t a t e d  t h a t  t h e  ". , . increased 

r e f l e c t i v i t y  [ o f  t h e  f i e l d ]  cou ld  cause an app rec i ab le  c o o l i n g  o f  a i r  

f l o w i n g  ove r  t h e  m i r r o r  f i e l d  d u r i n g . .  .dayt ime hours "  (Energy Research 

and Development A d m i n i s t r a t i o n  1977) .  Th is  would imp ly ,  then,  some dayt ime 

c o o l i n g  o f  t h e  area downwind o f  t h e  f i e l d .  These views were r e i t e r a t e d  

i n  t h e  env i ronmenta l  impact s ta tement  f o r  t h e  Barstow p r o j e c t  (Environmental  

Improvement Agency 1977),  and were a l s o  among those suggested by Bhumral k a r  

e t  a l .  (1980) .  None o f  these eva lua t i ons  took i n t o  account t h e  e f f ec t s  

o f  c l e a r i n g  vege ta t i on  f rom t h e  m i r r o r  f i e l d .  Because o f  t h e  removal o f  

these  p l a n t s  t h e  d i s s i p a t i o n  o f  hea t  by t r a n s p i r a t i o n  i s  e l i m i n a t e d .  Davidson 

and Grether  (1977) cons idered  t h a t  t h e  a1 bedo o f  t h e  m i r r o r  f i e l d  would  'be 

reduced, and i n  a  "g l oba l  a n a l y s i s M  o f  c l i m a t o l o g i c a l  e f f e c t s  o f  one m i l l i o n  



2 
100 MWe p l a n t s  assumed t h e  "darkening"  o f  3 m i l l i o n  km o f  land .  We need 

t o  ana lyze  t h e  o f f - f i ' e l d  environment on t h e  downwind s ide,  c a r e f u l l y  so as 

t o  determi,ne i )  whether a i r  temperature p r o f i l e s  a r e  a l t e r e d  by t h e  ex i s tence  

and o p e r a t i o n  o f  t h e  STPS and i i )  i f  so, . t o  what d i s t ance  such an e f f e c t  

may be expressed. 

The b i o l o g i c a l  i n d i c a t o r  spec ies s e l e c t e d  f o r  p a r t i c u l a r  a t t e n t i o n  a r e  

d e s c r l  bed b r i e f l y  below. O f  t he  woody pe renn ia l s ,  bursage (Ambrosia v ,,.. ......,..,- "-.- dumosa) 

i s  a sma l l  shrub, w i d e l y  d i s t r i b u t e d  between 1.000 and 1900 m f rom sou theas te rn  

C a l i f o r n i a  and Sonora i n t o  sou thern  Nevada, southwestern Utah and southern 

Ar izona  and New Mexico (Benson and Darrow 1954).  It i s  o f t e n  n u m e r i c a l l y  

dominant i ,n assoc i  a t i ' ons  w i t h  creosotebush. Desert  s a l  tbush  ( A t r i  p l  ex 

p o l y c a r p a )  grows on a l k a l i n e  s o i l s  below 1700 m from southeastern C a l i f o r n i a ,  

a d j o i n i n g  port i .ons o f  Sonora , and southern Nevada i n t o  ' extreme southwest 

Utah and sou thern  Ar izona  (Benson and Darrow 1954).  I t  i s  o f t e n  assoc ia ted  

w i t h  d i s t u r b e d  s o i l s .  Creosotebush (La r rea  ---, t r i d e n t a t a )  ranges from south- 

eas te rn  C a l i f o r n i a  and Sonora across southern Nevada, southwestern Utah, 

Ar izona,  New Mexico and i n t o  western Texas. I t  g e n e r a l l y  occurs below 

1700 m and i s  t h e  dominant spec ies o f  many d e s e r t  communities i n  south-  

western U.S. ( V a l e n t i n e  and Gerard 1968, Munz 1974).  

I n  terms o f  o v e r a l l  s t r u c t u r e  and t o t a l  biomass, annual p l a n t s  a r e  

o f  much l e s s  impor tance t han  t h e  l a r g e r  shrubs, However, these sma l l e r  

p l a n t s  r ep resen t  a v o l a t i l e  and dynamic component o f  t h e  dese r t  community 

and may be ext remely  impo r tan t  as sources o f  food  and water  f o r  an imals .  

Only f i v e  spec ies were c o n s i s t e n t l y  and commonly represented i n  ou r  s tudy  

areas : a smal l  boraginaceous annual (Cryp tan tha  a n g u s t i f o l  i a ) ,  a species 



of  buckwheat (Eriogonum t r i c h o p e s )  , a non-nat ive b u t  l o n g  es tab l  i shed herb 

(.Erodium c i c u t a r i u m )  , d e s e r t  go1 d  (Geraea canescens) , and a  non-nat ive annual 

grass (,Schismus a rab i cus ) .  We focused p r i m a r i l y  on numbers o f  annual p l o t s ,  

t h e i r  i n d i v i d u a l  d r y  weights ,  and est imates o f  aggregate d r y  weights ( s t a n d i n g  

c rops)  o f  a l l  annual spec ies.  

Species o f  ve r t eb ra tes  judged t o  be good i n d i c a t o r s  were Mer r i am ' .~  

kangaroo r a t  (D i  podomys m e r r i  ami ) , t h e  round ta i  1  ground s q u i r r e l  (Spermophi 1  us 

t e re t i caudus  ) , t h e  horned l a r k  (.Eremophi1 a  - a l p e s t r i s )  , t h e  western w h i p t a i  1  

1  i z a r d  (Cnemidophorus t i g r i i )  , and t h e  t a i  1  ed 1  i z a r d  ( c a l l  i sau rus  

draconoides)  . 

Merr iam's kangaroo r a t  i s  a  noc tu rna l  gran ivorous,  heteromyid roden t ,  

a c t i v e  year-around i n  t h i s  p a r t  o f  t h e  Mojave Deser t .  The spec ies i s  one 

of  t h e  more abundant and w i d e l y  d i s t r i b u t e d  o f  t h e  kangaroo r a t s ,  ex tend ing  

f rom nor thwes te rn  Nevada through sou theas te rn  C a l i f o r n i a ,  most o f  Ar izona,  

and southwestern New Mexico w e l l  i n t o  c e n t r a l  Mexico ( B u r t  and ~ r o s s e n h b i d e r  

1952). A d u l t  males weigh about 38 g, females s l i g h t l y  l e s s ,  The r o u n d t a i l  

ground s q u i r r e l  i s  a  d i u r n a l  s c i u r i d ,  which i s  i n a c t i v e  most o f  t h e  w i n t e r  

months. The spec ies occurs o n l y  i n  southeastern C a l i f o r n i a ,  western 

Ar izona and a d j o i n i n g  p o r t i o n s  o f  Ba ja  C a l i f o r n i a  and Sonora ( B u r t  and 

Grossenheider 1952).  Adu l t s  we igh t  about  120 g. 

The western w h i p t a i l  l i z a r d  i s  a d i u r n a l ,  i n s e c t i v o r o u s  l i z a r d ,  w i t h  

a  r e l a t i v e l y  b r i e f  p e r i o d  o f  above-ground a c t i v i t y  ( l a t e  Ap r i l -Augus t )  by 

a d u l t s  (-Turner e t  a1 . 1969).  The species i s  w i d e l y  d i s t r i b u t e d  i n  western 
' ,  

U.S.; rangi 'ng f rom southern Oregon and Idaho throughout  C a l i f o r n i a ,  Nevada 

and Utah, most o f  Ar izona,  and as f a r  eas t  as southern Colorado and western 



Texas and s o u t h  i n t o  Mexico (S tebb ins  1966) .  Adu l t s  weigh around 16  g. 

Females l a y  one o r  two c l u t c h e s  o f  eggs i n  t h e  s p r i n g  and hatch1 i n g s  appear 

i n  l a t e  August and may be a c t i v e  i n t d  e a r l y  October.  The g r i d i r o n - t a i l e d  

l i z a r d  i s  a l s o  d i u r n a l ,  i n s e c t i v o r o u s ,  and i n a c t i v e  d u r i n g  t h e  w i n t e r .  The 

spec ies  occu rs  f r om  n o r t h e r n  Nevada th rough  sou theas te rn  C a l i f o r n i a  and 

sou thern  A r i zona  i n t o  Ba j a  C a l i f o r n i a  and Sonora (S tebb ins  1966) .  A d u l t  

males weigh around 1 7  g, females 13.  Eggs a r e  l a i d  i n  t h e  s p r i n g  and t h e  

h a t c h l i n g s  appear i n  l a t e  August o r  September. 

The horned l a r k  breeds w i d e l y  i n  western Nor th  America. I t  i s  a  r e s i d e n t  

spec ies  i n  t h e  v i c i n i t y  o f  t h e  STPS, b reed ing  i n  Apr i l -May .  The n e s t  i s  a  

g r a s s - l i n e d  dep ress i on  on t h e  ground and two c l u t c h e s  o f  3-5 eggs a r e  u s u a l l y  

l a i d  (Pe te rson  1969) .  These l a r k s  feed on grass seeds and forbs taken a t  

or ne.ar ground l e v e l .  We expect  consi'derabl e  pub1 i c  i n t e r e s t  i n  p o s s i b l e  

e f f e c t s  o f  p l a n t  s t r u c t u r e s  on b i  r d s  , An app rec i ab l  e  1  i t e r a t u r e  deal  i,ng 

w i t h  b i - r d  m o r t a l i t y  around man-made towers has grown up d u r i n g  t h e  p a s t  

20 yea rs  (e.g., Ganier  1962, Laskey 1963, Ca ldwe l l  and Wal lace 1966, Stoddard 

and N o r r i  s  1967, Crawford 1974, Avery e t  a1 . 1998) .  

The tower  a t  Barstow i s  n o t  t a l l  (100 m) when c o n t r a s t e d  w i t h  o t h e r s  

,s tud ied,  b u t  t h e  Bars tow tower  and assoc ia ted  h e l i o s t a t s  may cause some 
1 

m o r t a l i t y  o f  m i g r a n t s  and r e s i d e n t  spec ies .  For example, seasonal b i r d  

m o r t a l i t y  i n  t h e  v i c i n i t y  o f  a  366-111 tower i n  No r t h  Dakota was es t imated  

a t  ove r  1,000 i n d i v i d u a l s  ( ~ v e r ~  e t  a l .  1978).  A t  Barstow, i t  i s  a l s o  

poss i .b le  t h a t  b i r d s  may r o o s t  on h e l i o s t a t s ,  o r  even a t tempt  t o  n e s t  w i t h i n  

t h e  panel suppor ts .  Whether h e l i o s t a t s  may become s i g n i f i c a n t l y  f o u l e d  by 

excrement remains t o  be determined.  



A ma jo r  problem i n  i n t e r p r e t i n g  b i o l o g i c a l  obse rva t i ons  i n  t h e  v i c i n i t y  

o f  S o l a r  One i s  t h a t  popu la t i ons  o f  d e s e r t  organisms exper ience  n a t u r a l  

changes f rom one year  t o  t h e  n e x t .  Owing t o  d i f f e r e n c e s  i n  r a i n f a l l  'and 

temperature,  such changes i n c l u d e  growth and p r o d u c t i o n  o f  shrubs; numbers 

and k inds o f  annual p l a n t s  germinated, and d e n s i t i e s  o f  va r i ous  popu la t i ons  

o f  an imals .  Therefore,  a  s e r i e s  of  obse rva t i ons  i n  a  s i n g l e  area w i l l  shed 

1  i t t l e  l i g h t  on p o s s i b l e  i n f l u e n c e s  o f  t h e  STPS because such e f f e c t s  a r e  

confounded by n a t u r a l  f l u c t u a t i o n s  . Th i s  problem was met by making comparisons 

over  t i m e  i n  p a i r e d  p l o t s  shown t o  be s i m i l a r  b e f o r e  c o n s t r u c t i o n  o f  t h e  

STPS. Such a  des ign  assumes t h a t  i f  c o n s t r u c t i o n  o f  t h e  f a c i l i t y  a f f e c t s  

c o n d i t i o n s  beyond t h e  m i r r o r  f i e l d  t h e  e f f e c t s  wi.11' be more s t r o n g l y  

expressed i 'n  areas near t h e  f i e l d  t h a n  i n  those  a t  a  d i s t ance .  The d e t e c t i o n  

and i n t e r p r e t a t i o n  o f  divergences. i n  p a i r e d  areas was t h e  basi'c r a t i o n a l e  o f  

t h e  o f f - f i e l d  m o n i t o r i n g  program. 

3. H i s t o r y  o f  c o n s t r u c t i o n  a c t i v i t i e s  

The s p e c i f i c  s i t e  s e l e c t e d  f o r  S o l a r  One was n o r t h e a s t  o f  SCE's Cool Water 

Generat ing S t a t i o n  evapo ra t i ng  ponds and sou th  o f  t h e  d r y  course o f  t h e  

Mojave Ri;verl . Cons t ruc t i on  o f  t h e  power p l a n t  began i n  t h e  f a l l  o f  1979 

when a  r o u g h l y  c i r c u l a r  area o f  abou t  53 ha was c l e a r e d  and graded. L a t e r  

d ra inage  d i . tches were dug around a  p o r t i o n  o f  t h e  p rospec t i ve  he1 i o s t a t  

f i e l d ,  a  pe r ime te r  r oad  was cons t ruc ted ,  and t h e  e n t i r e  f i e l d  fenced.  

Excava t ion  f o r  bases o f  1,818 he1 i o s t a t s  began i.n March 1980. F i g u r e  .3 

shows t h e  s t q t u s  o f  t h e  p r o j e c t  a t  abou t  t h i s  t ime .  A f t e r  pedes ta ls  were 

poured and s u p p o r t i n g  py lons e rec ted ,  a t tachment  o f  h e l i o s t a t s  began i n  



mid-February 1981. Th is  work was completed by the  end o f  September 1981. 

A 100-m c e n t r a l  r e c e i v e r  tower was completed i n  t h e  s p r i n g  o f  1981 and 

t h e  r e c e i v e r  was erec ted  d u r i n g  J u l y  1981. Other a c t i v i t i e s  i nc luded  

c o n s t r u c t i o n  o f  an aboveground thermal s torage system (began i n  , J u l y  1980), 

f a b r i c a t i o n  o f  a s i n g l e  3 - c e l l  c o o l i n g  tower ('begun i n  September. 1980 

and completed. i n  August 1981 ) ,  t h e  c o n s t r u c t i o n  of  a c o n t r o l  cen te r  and 

i n s t a l  l a t i o n  o f  th.e turbogenerator  . . i n  mid- ~ u n e  1981 . . . 



Figure 3. Looking northwest across the h e l ' o s t a t  f i e l d ,  spr ing 1980. Work on hel i lostat  pedestals 
has begun south (1 e f t )  o f  the  core area.  O f f - f i e l d  observations were t o  e a s t  (lower 
r i g h t )  o f  f i e l d ,  



4.  ~ b s b v a t i  ons dur ing  const ruct ion per iod 

4.1 . Aer ia l  photography 

A program o f  a e r i a l  photography was begun i n  June 1979 and continued 

w i t h  photographs taken i n  December 1979, and June and November 1980. 

Pictures were taken by Metrex Corporation a t  three exposures using m u l t i -  

spect ra l  fn f ra- red f i l m .  The f i r s t  two sets o f  photographs were analyzed 

by the Medical Imaging Science Group a t  the Univers i ty  o f  Southern Cal i fo rn ia ,  

emphasizing change detect ion based on computerized d i g i t a l  image processing 

(F re i  e t  a1 . 1979). 

Figures 4 and 5 i l l u s t r a t e  various stages i n  the development o f  the so lar  

thermal power p lan t .  Figure 4A shows SCE's Cool Water Generating S ta t ion  and 

ad j o i n i n g  areas i n  Ju ly  1979, several months before c ~ n s t r u c t i o n  began. 

Figure 4B (December 1979) shows the cleared and graded he1 i o s t a t  f i e l d  l y i n g  

northeast  o f  the l a rge  evaporating pond. Here we may note the l i g h t  colored 

area east  of t he  f i e l d  where sand blown o f f  the surface o f  the cleared f i e l d  

was deposi ted. Figure 5A was taken i n  June o f  1980 and shows f u r t he r  

d r f f e r e n t i a t i o n  of the cQ$e , ,,, ,@rep s, ,~ ' ;~, .  ( T Q W ~ C  centpr -, of f i e l d ) .  Figure 58, taken 
- 1 

*; , + ;  . if*,>, 

i n  November 1980, shows i h e  tower i n  the core area and h e l i o s t a t  pedestals 

and/or mounted he l i as ta t s  i n  the northeast and southeast quadrants. Areas 

o f  wind-deposited sand are s t i l l  c l e a r l y  v i s i b l e  t o  north and east of the 

h e l i o s t a t  f i e l d .  

Figure 6 i l l u s t r a t e s  the technique o f  d i g i t a l  image processing, 

comparing photographs taken i n  Ju ly  (Fig.  4A) and December 1979 (Fig. 49). 

I n  Figures 6A and 6B we see the o r i g i n a l  views. Fig, 6C was produced by 

computerized comparisons o f  the foregoing views, i nd i ca t i ng  areas o f  change 
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The Cool Water Generaxi ng Station in June 1980. 
Some of the pedestals for hel iostats  have been 
. p u t b i n  place and some construction has begun i n  
central core area (lower center of he1 ios t a t  
f i e l d ) .  

The Cool Water Generating Station i n  November 
1980. Hel.iostat pedestals show clearly in r i g h t  
half of f i e l d .  Work has begun on thermal storage 
system and receiver tower i n  the core area.  



Figure  6 
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Coo.1 Water Generat ing S t a t i o n  and 
p rospec t i ve  s o l a r  thermal power 
p l a n t  s i t e  i n  J u l y  9979 

The s o l a r  thermal power p l a n t  s i t e  
i n  December 1979, showing t h e  
c lea red  he1 i o s t a t  f i e 1  d no r theas t  
n+ t he  evapora t ing  ponds 

O r i g i n a l  "change image" based on 
,1111 v and December 1979 photographs - 

1 -- C - . l i ,  

8 

3 ' - 

Lnhanced change image, emphasizing 
he1 i o s t a t  f i e l d ,  coronoa o f  wind- 
blown sand eas t  o f  f i e l d ,  new 
road, and s i t e  o f  o l d  c u l  t i v a t e d  
f i e l d  



by whitening. Fig. 6D i s  the f i n a l  enhanced change image, i n  which 

dif ferences between the J u l y  and December photographs have been given maximal 

emphasis . 

4.2. Sa l t a t i on  meter measurements 

Two special co l  1 e c t i  ng devices (sa l  t a t  i on  meters) designed by Lawrence 

Livermore Laboratory were placed downwind o f  the prospective he1 i o s t a t  f i e l d  

i n  mid-June 1979.' The design o f  these samplers was i l l u s t r a t e d  i n  a previous 

r e p o r t  (.Turner 1979: p. 18). I n  ea r l y  September 1979 four more of these 

devices were pos i t ioned downwind o f  the f i e l d .  Stat ions 1 and 2 were, 

respect ively,  100 m and 60 m east o f  the eastern edge o f  the he1 i o s t a t  f i e l d .  

S ta t ion  3 was about 200 rn nor th  o f  S ta t ion  2. Stat ions 4-6 were about 600 m 

east  o f  the f i e l d ,  i n  a north-south l i n e .  These devices measured f luxes o f  

windblown sand a t  f i v e  1 evels above the ground (from 1 t o  36 cm) . The wid th  o f  

t he  device was 0.95 cm, so one can estimate mean d a i l y  sand flows across a 

1-cm path by computing the mean d a i l y  weight o f  sand co l lec ted  ( t o t a l  weight 

d iv ided by days) and d i v i d i n g  by 0.95. Meters were examined pe r i od i ca l l y  and 

when s i g n i f i c a n t  amounts o f  sand had accumulated the mater ia l  was removed and 

weighed. 

Amounts o f  sand removed f rorn ,sa l ta t jon peters  a t  various s ta t ions  

downwind o f  the so la r  s i t e  between June 1979 and May 1981 are summarized 

i n  Appendix 1. Table 1 abstracts estimated fluxes for a 77-day per iod 

p r i o r  t o  c l ea r i ng  and grading the h e l i o s t a t  f i e l d ,  and f o r  three periods 

a f t e r  commencement o f  cons t rwc t ion  operations i n  September 1979. Fluxes 
1 

were low a t  Stat ions 1 and 3 dur ing the summer o f  1979, then increased 

dramat ica l ly  a t  Stat ions 1 and 2 a f t e r  c lea r ing  and grading began. These 

two s ta t ions  were j u s t  east o f  the f i e l d .  S ta t jon  3 was apparently 

18 



Table 1 .  Fluxes of sand (g*cm-l -day-1 ) along 1-cm paths a t  s t a t ions  downwind 
of the  so la r  f i e l d  between June 1979 and May 1981. Weights of sand ( g )  
collected i n  meters a r e  given i n  parentheses. No observations (n.0.) were 
made a t  Sta t ions  2, 4, 5 and 6 before September 2, 1979. 

Dates Sta t ions  
1 2 3 4 5 6 

June 16-Sept 1 , 0.048* n.0.  0.025* n.0.  n.o. n .o. 
1979 (77 days) (3.5) - (1 -9) - - - 

Oct 22, 1979- 10.8 >20.2 0.14 0.001 0.02 0.05 
F e b 2 9 s 1 9 8 0  (1344.1) (2513.9) (17.4) (0.12) (2.49) (6.22) 
(131 days) 

Mar 1-June 15, 0.25 0.75 0.07 0.24 0 ..04 0.08 
1980 (106 days) (25.4) (75:4) (6.6) (24.5) (3.7)  (8.2) 

Mar 29-May 10, 0 1.54 0 0 0 0 
1981 (43 days) (0 )  (63.1 ) (0) (0 )  (0) (0)  

* These data were erroneously transposed i n  t he  report  of baseline s tudies  
(Turner 1979: p. 19) .  

too f a r  north to  be so  conspicuously affected.  Sta t ions  4,  5 and 6 were so 

f a r  e a s t  o f  the  sSte  t h a t  high fluxes were never measured there (except 

a t  Sta t ion 4 during t he  spring of 1980). Analyses of the  ver t fcal  distri-bu- 

t ion  of  sand fluxes presented i n  e a r l i e r  quar ter ly  reports  showed . that  most 

of the  sand moved near t he  ground--within 1 cm of the  surface.  

Movement of sand of f  t he  newly cleared he l ios ta t  f i e l d  was substant ia l  

during thc  l a t e  f a l l  nf 1979. In f a c t ,  so much sand moved across Sta t ion 2 

during this time t h a t  the  meter overflowed on several occasions, Later 

the  surface of the  f i e l d  s tab i l i zed  somewhat and fluxes between March 1 

and June 15, 1980, were much lower ( a t  Sta t ions  1 and 2) than measured during 



jt& !@e~i@us $-1.f~ ~tlp.rjfhs . After June 1 980 there WePe bayel$ ,d&%ect;abq e 

cs9$&kt~ona POT mWP4 a1 h sal t a t ?  dn mWers u n t i l  s-priq of 1981 , {when 

sa$# was ttgai.n 1-ected * a t  S:tati'on 2. This period o'f col 1 ection coincfded 

tW "9u'r.f"ace o"f the ' hC1Posta tF ie~d  was s t i l l  suscep$'l'bSe t o  mobili'tat7sn 1.8 

Dr , ;Ws~%arrl 'HGnWr iik4xnnpted :t;o es'timke %he a ~ u n ' t  o'f sand @own ~ i f " f  ' 

%54& f i ,e i4:~$t~k ~ i e b d  :betwean Octcrber '1 93.9 en4 the end of Fhbvaa-ry 1 980. 

WC wswd .the dSamter ~ . f  the he;liosta't Qir?ld to W 800 &, and 1-os's rates 

b e d  on Pneaserments a t  Stat ions 1 end 2, &inter estimated t h a t  .raugh!y 

14% #mkr'.-ic ~ t m s  ranf sahl w r a  removed during tM4s tfme. Il f a1 l oP xbh.9 had 

b&3n $vieu9ly dep&stt@d im a SW~BP ea2;eindSng to  190 m from the  f i@ldrs 

ertZera edge, new Bep~gosl tion uoul d have been a h & t  1 1 metric tbns *ha-' . 
Haw;ever, sr.M &e$ms'ited ~ w n w l ~  a f  'the "Teld was not  tinifimly 

d5~prs@43,  BUS j D a W  &db 1-n ~4 hd sha&Ms o$ shrubs ( Fi  g . 7) . .Fbuad ha4 &ts 
? 

were mms~Wd downwind OT %Re - p m s p a c t i ~ e  f k l d  >i.n 1979 sb we were ab1 e 

tx~ le~tTmi%e i~creasas i n  sgnd depths as a -resu+I t o f  cb'nstru.cti6n act jv i t9es.  

P o ~ t - ~ c ~ m ~ + ~ ~ t i ~ n  rnmsurmerrts wewe hl(~de +n danumg 1980 and agatn .n 

Wy h 98 flsbte 2) .  '?bs% o f  the bbserved 'Illcreasbs i n  sand da$Pepth Eoak ' 

phee ImI?dTate'l y ?dl 1 owi<ng the c'l*eht.l"'ng' sad +gr-ading of t h e  he1 iostitt t'ftgl d 

h s  ref lected In 8&e mmr;urments), %ut sqprd colttlnued t o  acclllnu1~'te 

b e m n  h&ry 7'980. rand oM&x I'g811, 



Figure 7 .  Newly deposited sand just east of the cleared heliostat'Field 
i n  the spring of 14.80. Largest fence posts indicate location 
of East 'Gate. . , 



Table 2. Depths of accumulated sand a t  20 points between 33 and 98 m 
downwind of the eastern edge of the hel iostat  f i e ld ,  January 1980 and 
May 1981 . 

Distance from Number of Dates Mean i ncreases Ranges of 
edge of f i e ld  sampling . (cm) i n  height measured 

(m) points (+ - one s .e . )  increases (cm) 

Jan 1980 24.7 +- 4.2 . 

May .,I 981 37.0 + 3.5 

Jan 1980 16.5 F 1.0 

May 1981 17.0 + 1.6 

Jan 1980 9.7 .C 3.8 

May 1981 15.3 _+ 5.5 

Jan 1980 1.2 + 0.2 

flay 1 981 2.0 + 0.3 

Jan 1 980 2.0 4 1.3 

May 1981 3.2 + 0.6 

Material blown off the he1 ios t a t  f ie ld  remained we1 1 localized and 

appreciable new deposits were only observed w i t h i n  100 m of the downwind 

perimeter. As we shall  see l a t e r ,  t h i s  new material had some effects  on 

plants growing in these areas. rurthern~crre, the displaced sand downwind 

of the  f ie ld  may const i tute  a source from which material could be blown 

west across the array of hel iostats .  Whether this occurs will depend on 

i )  how quickly the displaced material s tab i l izes ,  and i i )  the occurrence 

and velocity of winds from the east .  



4.3. A i r bo rne  p a r t i c u l a t e s  

Beginn ing i n  August 1979, a i r b o r n e  p a r t i c u l a t e s  were measured every  6 

days by personnel  o f  t h e  S ta tew ide  A i r  P o l l u t i o n  Research Center a t  t h e  

U n i v e r s i t y  o f  C a l i f o r n i a ,  R ive rs ide ,  a t  a s i t e  about  1 km sou theas t  o f  

t h e  s o l a r  s i t e .  UCR used a S i e r r a  Ins t ruments  Hi -Vol  A i r  Sampler mounted 

about  3.8 m above t h e  ground. A l though t h e  UCR s t a t i o n  i s  n o t  d i r e c t l y  

downwind o f  t h e  s o l a r  s i t e ,  we have used t h e i r  a i r  sampl ing da ta  f o r  t h e  

p e r i o d  August 1979 t o  May 1980 because no o t h e r  measurements a r e  avai1,able 

f o r  t h i  s pe r i od ,  

I n  J u l y  1980 we i n s t a l l e d  a S i e r r a  Ins t ruments  Model UV-1 High Vol'ume 

Sampling System 100 m eas t  (downwind) o f  t h e  s o l a r  s i t e .  The i ns t r umen t  

was p o s i t i o n e d  1.2  m above t h e  ground. ~eas 'urements  were made every  6 

days through August 1981. Net weights  o f  m a t e r i a l  on f i l t e r s  were 

conver ted  t o  est imates o f  ~ g - m - ~  o f  a i r  f l ow .  

Table  3 g i ves  es t imated  mean masses o f  a i r b o r n e  p a r t i c u l a t e s  ( ~ ~ ~ m - ~ )  

measured between August 1979 and August 1981. Month ly  means were g e n e r a l l y  

between around 20 t o  80 and o n l y  d u r i n g  November 1980 and May and 

June 1981 was t h i s  range exceeded. ~ t i e s e  h i ghe r  means were owing t o  unusual 

winds, o f t e n  ( a s  i n  November 1980) r e s u l t i n g  f rom a s i n g l e  v e r y  h i  j h  

sample. Measurements taken a t  t h e  UCR s t a t i o n  d u r i n g  c l e a r i n g  and g rad ing  

of  t h e  he1 i o s t a t  f i e l d  (September-October 1979) were n o t  unusual ,  b u t  we 

emphasize t h a t  t h i s  s t a t i o n  was n o t  d i r e c t l y  downwind o f  t h e  s o l a r  s i t e .  

As i n d i c a t e d  above, unusua l l y  h i g h  month ly  means observed subsequent t o  

g rad ing  and c l e a r i n g  were assoc ia ted  w i t h  windstorms and n o t  t o  any 

c o n s t r u c t i o n  ope ra t i ons .  



Table 3 . A i rbo rne  p a r t i c u l a t e s  measured eas t  (UCLA) and southeast  ( U C R )  
o f  t h e  s o l a r  s i t e  between August 1979 and August 1981. Measure- 
ments u n t i l  May 1980 were made by UCR; t h e r e a f t e r  by UCLA. 

Month Numbers o f  Mean mass o f  Standard e r r o r  Range 
and sampl es taken  p a r t i c u l a t e s  o f  t h e  mean 

yea r  ( ~ g - m - ~ )  

Aug 1979 

Sept 

oc t 

Nov 

Dec 

Jan 1 980 

Feb 

  arch 

A P ~  

May 

Au g 

Oc t 

Nov 

Dec 

Jan 1981 

Feb 

.March 

A P ~  

May 

June 

J u l y  

Aug 



4.4. Atmospheric p o l l u t a n t s  

S ince  t h e  summer o f  1979, C; R. Thompson and G e r r i t  Kats,  o f  t h e  

s t a tew ide  A i r  Pol 1 u i i o n  Research Center .  a t  t h e  U n i v e r s i t y  o f  C a l i  forn i .a ,  

R ive rs ide ,  have measured amounts o f  ozone, n i t r i c  o x i d e  and n i t r o g e n  

d i o x i d e  i n  a i r  downwind o f  t h e  s o l a r  s i t e .  The UCR s t a t i o n  i s  abou t  1 km 

southeast  o f  t h e  h e l i o s t a t  f i e l d .  For a one-year p e r i o d  beg inn ing  i n  

t h e  f a1  l o f  1979, Southern C a l i f o r n i a  Edison made s i m i l a r  measurements about 

2 km south o f  t h e  s o l a r  s i t e ,  sou th  o f  t h e  highway between Needles and 

Barstow (see F i g .  2 ) .  The SCE da ta  were t aken  t o  e s t a b l i s h  b a s e l i n e  

c o n d i t i o n s  i n  suppor t  o f  an a p p l i c a t i o n  t o  s i t e  a coa l  g a s i f i c a t i o n  

f a c i l i t y  a t  Cool Water, and have been summarized by Environmental  

Appl i c a t i o n s  , I&. (1  980) . 

Table 4 presents ,  on a q u a r t e r l y  bas is ,  observa t ions  between November 

1979 and October 1980. December, January and February a r e  w f n t e r  months, 

Table  4 .  Mean concen t ra t i ons  (pphm) o f  gases measured sou th  and e a s t  o f  
So la r  One between November 1979 and October 1980. 

~ i m e  u f  Ozone ' . . 

UCK 
NO 

year  . SCE UCR SCE SCC UCR 

Fa1 1 3.4 2.6 1 .7. 1.2 0.9 2.6 

2.4 2.4 1 .4  0.05 Win te r  1.1 1 .9  

Sp r i ng  4.4 3.6 1 .2  0.01 0.4 0.7 

Summer 5.9 5.3 1 .4  0.07 0.3 0.4 



ÿ arc ti-~ay a r e  s p r i n g  months, June-Augus t a r e  summer months, and. September- 

November r e p r e s e n t  autumn. Measurements o f  ozone a t  t h e  two s i t e s  were i n  

good agreement, w i t h  h i g h e s t  va lues i n  s p r i n g  and summer. Measurements' a t  

b o t h  t h e  SCE and UCR s i t e s  showed t h a t  t imes o f  maximal concen t ra t i ons  o f  

ozone were always i n  t h e  a f te rnoon ,  r ang ing  from around 1300-1400 i n  t h e  

w i n t e r  t o  as l a t e  as 1700 d u r i n g  t h e  summer. Seasonal changes c l o s e l y  

fo l l owed t o t a l  i n s o l a  t i o n .  Bo th  C a l i f o r n i a  (10  pphm) and f e d e r a l  (12 ~ ~ J I I I I )  

ozorie standards were v i o l a t e d  a t  t imes  d u r i n g  t h e  s p r i n g  and summer. Mean 

q u a r t e r l y  c o n c e n t r a t i o n s  o f  NOp were c o n s i s t e n t l y  h i g h e r  a t  t h e  SCE sampl ing 

s i t e '  (Tab le  42, b u t  amounts o f  ox ides  o f  n i t r o g e n  were low a t  bo th  s t a t i o n s .  

The maximum NOp c o n c e n t r a t i o n  r e p o r t e d  f o r  t h e  SCE s i t e  was 9.5 pphm d u r i n g  

t h e  fa1 1  . The Cal i f o r n i a  s tandard  i s  25 pphm. The average annual NO2 

c o n c e n t r a t i o n  a t  t h e  SCE s i t e  was 1 .4  pphm, w h i l e  t h e  f e d e r a l  s tandard  i s  

5 pphm. Times o f  h i g h e s t  c o n c e n t r a t i o n  o f  NOx were a lmost  always e a r l y  

i n  t h e  morning, o r d i n a r i l y  from 0300 t o  0700. 

I t  has been suggested t h a t  changing p a t t e r n s  o f  f u e l  combust ion a t  

t h e  Cool. Water Generat ing S t a t i o n  may i n f l u e n c e  amounts o f  some gases measured 

downwind o f  t h e  s t a t i o n .  U n i t s  1  and 2 burn  n a t u r a l  gas o r  f u e l  o i l .  U n i t s  

3 and 4  burn  t u r b i n e  f u e l  (a1 though these  u n i t s  a r e  be ing  m o d i f i e d  t o  burn  

a1 t e r n a t e  f ue l s  ) . Joe Reeves and Ke rm i t  Rosenthal (SCE) p rov ided  f u e l  use 

f i g u r e s  f o r  t h e  p e r i o d  August 1979 t o  October 1980, Dur ing  t h i s  t ime  t h c  

combust ion o f  gas was f a i r l y  un i fo rm,  The mean month ly  use was around 700 

m i l  1  i o n  cub i c  f e e t ,  and except  f o r  A p r i l  and May o f  1980 (275 and 308 m i l  l i o n  

3  
f t  , r e s p e c t i v e l y ) ,  t h e  month ly  consumption was never l e s s  than  534 m i l l  i o n  ft 

3  

3 
no r  more t han  971 m i l l i o n  f t  . On t h e  o t h e r  hand, no fue l  o i l  a t  a l l  was 

burned d u r i n g  t h e  summer. o f  1980, w h i l e  up t o  50,000 b a r r e l s  were used i n  January 



o f  t h a t  year .  Turb ine  f u e l  use ranged f rom e s s e n t i a l l y  zero (May-June 1980) 

t o  over  300,000 b a r r e l s  i n  November 1979 and February 1980. 

Mu1 t i p l e  r eg ress i on  analyses were made o f  mean month ly  1 eve1 s  o f  NO and 

NO2 ( f o r  14 months) measured a t  t h e  UCR s t a t i o n .  Independent v a r i a b l e s  used 

were amounts o f  t h e  t h r e e  f u e l s  burned, month ly  r a i n f a l l ,  and mean month ly  a i r  

temperature.  The c l i m a t o l o g i c a l  records  were based on measurements a t  t h e  Barstow- 

Daggett  a i r p o r t .  O i  I consumption was s i g n i f i c a n t l y  (and i n v e r s e l y )  c o r r e l a t e d  

(c = -0.7) w i t h  a i r  temperature,  s i m p l y  because a  l o t  o f  o i l  was burned d u r i n g  

t h e  w i n t e r  o f  1979-80 and none d u r i n g  t h e  summer o f  1980. There were no o t h e r  

s i g n i f i c a n t  i n t e r f o r r e l a t i o n s  between independent v a r i a b l e s .  Table 5 summarizes 

simp1 e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  f i v e  independent v a r i a b l e s ,  and g i v e s  

2  
mu1 t i p 1  e  R va lues  f o r  t h e  mu1 t i p l e  r e g r e s s i o n  analyses.  

Table 5 .  Resu l ts  o f  mu1 t i p l e  r eg ress i on  a n a l y s e s ' o f  mean month ly  l e v e l s  o f  
NO and NO2 downwind o f  t h e  s o l a r  s i t e ,  August 1979-October 1980. 

Independent v a r i a b l  es N  0  

Gas 

Turb ine f u e l  

R a i n f a l l  

Mean a i r  
temperature 

M u l t i p l e  R 
2  

(and number o f  
v a r i a b l e s  en te red)  

. . 

* S i g n i f i c a n t  a t  5% l e v e l  



2  
A l though  t h e  R v a l u e  f o r  NO i s  s t a t i s t i c a l l y  s i g n i f i c a n t ,  i t  i s  h o t  

immed ia te ly  obv ious  how t o  i n t e r p r e t  t h e  outcome o f  t h e  a n a l y s i s .  The f i r s t  

independent  v a r i a b l  e  t o  e n t e r  was mean a i r  temperature (R' = 0.31 ) ,  t h e  

second was combust ion o f  gas (mu1 t i p l e  R2 = 0.57); and t h e  t h i r d  was r a i n f a l l  

( m u l t i p l e  R2 = 0.73) .  The i n c l u s i o n  o f  t h e  o t h e r  two v a r i a b l e s  had no 

2  
s i g n i f i c a n t  e f f e c t  on t h e  t o t a l  R . These analyses a r e  o f  l i m i t e d  rel.evance 

because t h e  focus was so coarse- - i  .e., based on month ly  means. The approach 

c o u l d  be sharpened by u s i n g  d a i l y  concen t ra t ions '  o f  gases and d a i l y  r eco rds  

o f  f u e l  consumption and a i r  temperatures.  

I n  summary, we can d e t e c t  no e f f e c t s  o f  c o n s t r u c t i o n  a c t i v i t i e s  on 

c o n c e n t r a t i o n s  o f  ozone and NOx, no r  would we expect  t o  see such e f f e c t s .  

Ques t i ons  have been r a i s e d  i n  t h e  p a s t  as t o  whether t h e  h i g h  temperatures 

and h i g h  s o l a r  i n t e n s i t y  ad jacen t  t o  t h e  r e c e i v e r  o f  an o p e r a t i n g  s o l a r  

thermal  power p l a n t  c o u l d  c a t a l y z e  t h e  p r o d u c t i o n  o f  s i g n i f i c a n t  amounts o f  

a i r  p o l l u t a n t s  (.e.g., N O x ) .  This  i s s u e  has been exp lo red  by P e r r i n e  e t  a l .  

(1981). assuming a  f a c i l i t y  r a t e d  a t  430 We w i t h  61,000 h e l i o s t a t s .  T h e i r  

w o r s t  case analyses--based on chemical  e q u i l i b r i a ,  chemical  k i n e t i c s ,  mass 

emiss ion  r a t e s ,  t r a n s p o r t  and d i s p e r s i o n - - i n d i c a t e d  " t h a t  some a i r  p o l l u t a n t s  

may be produced..  . i n  q u a n t i t i e s  s u f f i c i e n t  t o  be o f  r e g u l a t o r y  concern.  

However, these au tho rs  con t inued :  " I n  a l l  l i k e l i h o o d  t h e  q u a n t i t i e s  proddced 

w i  11 be smal l  , and f u l  l y  m e r i t  f o r  s o l a r  i t s  genera l  r e c o g n i t i o n  as a  ben ign  

energy technology. "  On t h e  bas is  o f  t h i s  s tudy ,  we do n o t  cons ide r  t h i s  

problem a n  env i ronmenta l  i s s u e  w i t h  S o l a r  One. 



I n  keeping w i t h  t h e  r a t i o n a l e  t h a t  t h e  he1 i o s t a t  f i e l d  may have s u b t l e  

m ic rometeoro log ica l  and e c o l o g i c a l  i n f l u e n c e s  o u t s i d e  o f  t h e  immediate 

f i e l d  environment,  b a s e l i n e  tempera tu re  p r o f i l e  measurements were made a t  

two s i t e s  near t h e  h e l i o s t a t  f i e l d  between November 1980 and J u l y  1981. 

One s i t e  (X-1 ) was es tab l  i shed  50 m eas t  o f  t h e  fence around t h e  he1 i o s t a t  

f i e l d ,  on an east-west l i n e  w i t h  t he  r e c e i v e r  tower .  We cons idered t h i s  t h e  

"exper imenta l  " s i t e  because, w i t h  p reva i  1  i ng west  winds , mi crometeoro l  o g i  c a l  

p a t t e r n s  o f  t h i s  a rea  a r e  most l i k e l y  t o  show e f f e c t s  o f  t h e  f i e l d  and 

assoc ia ted  s t r u c t u r e s .  The c o n t r o l  s i t e  (X-2) was about  700 m n o r t h  o f  

X-1 and abou t  200 m no r theas t  o f  t h e  f i e l d ,  where p r e v a i l i n g  winds a r e  

r e l a t i v e l y  u n a f f e c t e d  by  power p l a n t  s t r u c t u r e s .  

Two-meter masts were e rec ted  a t  each s i t e ,  each mast suppo r t i ng  f o u r  

s h i e l d e d  thermocouples a t  2, 10, 50 and 200 cm. : Thermocouples were a l s o  

b u r i e d  5  cm below t h e  su r f ace  a t  each s i t e .  H o u r l y ,  temperature p r o f i l e s  ' 
were measured a t  . t he  two s i t e s  f o r  24-hour pe r i ods ' eve ry  month b u t  January.  

Soi  1  su r f ace  and deep sky temperatures were. recorded  w i t h  a Barnes Eng ineer ing  

PRT-10 I R  thermometer. Shortwave i r r a d i a t i o n  was measured w i t h  a  L i c o r  

l i g h t  meter  each hour .  A i r  temperatures were measured w i t h  an Omega 2175A 

D i g i t a l  Thermometer and mean temperatures computed from 5-10 measurements 

made w i t h i n  i n t e r v a l s  o f  1-2 seconds. Measurements were made by s w i t c h i n g  

success i ve l y  t o  i n p u t  1  eads f o r  t h e  e i g h t  thermocouples . Temperatures 

a t  t h e  X-2 ( c o n t r o l )  s i t e  were compared w i t h  temperatures a t  t h e  X-1 

(exper imenta l  ) s i t e  by p a i r e d  - t - t e s t s .  Daytime average temperatures were 

computed as means o f  a l l  temperatures taken  a t  any one h e i g h t  f o r  a l l  hours 

Sn which s o l a r  r a d i a t i o n  va lues were recorded.  Mean peak dayt ime 



temperatures were o b t a i n e d  f rom t h e  t h r e e  warmest hours o f  t h e  day--based 

o n  temperatures a t  2  m. N i g h t  average temperatures were based on va lues 

f o r  a l l  hours  i n  which no s o l a r  r a d i a t i o n  was recorded  and n i g h t  minimum 

temperatures were based on t h e  t h r e e  c o l d e s t  hours .  Peak average temperatures 

were examined t o  i n s u r e  t h a t  any s i g n i f i c a n t  d i f f e r e n c e s  between s i t e s  would 

be observed, and t o  de te rmine  t h e  magnitude o f  such d i f f e r e n c e s  a t  c r i t i c a l  

tempera tu re  pe r i ods  d u r i n g  t h e  day. 

Rep resen ta t i ve  da ta  f o r  t h e  two s i t e s  taken d u r i n g  December 1980 and 

J u l y  1981 a r e  summarized i n  Appendix 2. S i m i l a r  da ta  were acqu i r ed  d u r i n g  

November 1980 and between February and June 1981 . 

Average a i r  temperatures ranged f rom 10' C i n  December 1980 t o  around 

35' C i n  June and J u l y  1981. I n  genera l ,  temperature h e i g h t  p r o f i l e s  showed 

t y p i c a l  l a p s e  c o n d i t i o n s  d u r i n g  t h e  day and i n v e r s i o n s  a t  n i g h t  a t  bo th  

s i t e s  ( F i g s .  8  and 9 ) .  Daytime tempera tu re  h e i g h t  p r o f i l e s  showed no c o n s i s t e n t  

p a t t e r n  o f  d i f f e r e n c e s  a t  t h e  two s i t e s .  However, except  d u r i n g  December, 

n i g h t  temperatures a t  t h e  c o n t r o l  s i t e  (X-2) were c o o l e r  t han  a t  t h e  

exper imenta l  s i t e  (X-1 ) . 

Daytime average temperatures and peak average temperatures a t  2  m were 

f r om 1.3 t o  0.2' C warmer a t  t h e  c o n t r o l  s i t e  (X-2) between November 1980 

and March 1981. Conversely,  between A p r i l  and J u l y  1981 these  temperatures 

were g e n e r a l l y  f rom 0.2 t o  0.75' C c o o l e r  a t  t h e  X-2 s i t e  ( F i g .  1 0 ) .  N i g h t  

average and minimum tenlperatures a t  X-2 ( 2  m) were g e n e r a l l y  c o o l e r  by 0 .8  

t o  0.1' C ( F i g .  11 ) .  

Daytime average and peak average temperatures a t  2  cm were c o n s i s t e n t l y  

warmer ( up  t o  5.8' C) a t  t h e  c o n t r o l  s i t e  (X-2) and, except  d u r i n g  November, 

mean n i g h t  and n i g h t  minimum temperatures a t  t h i s  h e i g h t  were c o n s i s t e n t l y  
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F i g u r e  8. A i r  tempera tu re  p r o f i l e s  ( a t  1300 hours )  a t  two 
s i t e s  near  t h e  h e l i o s t a t  f i e l d  between November 
1980 and A p r i  1  1981 . Open c i  r c l  es : exper imen ta l  
s i t e  ( d i r e c t l y  downwind o f  t h e  he1 i o s t a t  . f i e l d )  ; 
s o l i d  c i r c l e s :  c o n t r o l  s i t e .  

5 10 15 20 

TEMPERATURE ( C 1 

F i g u r e  3. A i r  t e r n p e r a t u r ~  p r o f i l e s  ( a t  2400 hours )  a t  two 
s i t e s  near  t h e  h e l i o s t a t  f i e l d  between November 
1980 and A p r i l  1981 . Symbols as i n  F i g u r e  8. 
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F i g u r e  10. D i f f e rences  between mean temperatures ( a t  2 m) a t  two s i t e s  
near  t h e  he1 i o s t a t  f i e l d  between November 1980 and J u l y  1981 . 
Open c i r c l e s  : mean dayt ime peak temperature d i f f e r e n c e s ;  
s o l  i d  c i r c l  es : mean dayt ime temperature d i  f f e rences  . 
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F i g u r e  11. D i f f e r e n c e s  between mean temperatures ( a t  2 m) a t  two s i t e s  
near  t h e  h e l i o s t a t  f i e l d  between November 1980 and J u l y  1981 . 
Open c i  r c l  es : mean n i g h t t i m e  minimum temperature d i  f ferences ; 
s o l  i d  c i r c l e s  : mean n i g h t t i m e  temperature d i f f e r e n c e s .  



coo le r  (up t o  0.8' C) a t  t h e  con t ro l  (X-2) s i t e  (Table 6 ) .  

Tab le  6. D i f fe rences  (OC) between mean temperatures recorded a t  2  cm a t  
two s i t e s  near t h e  he1 i o s t a t  f i e l d  between November 1980 and J u l y  1981 . 
Di f fe rences  were obta ined by s u b t r a c t i n g  means a t  t h e  experimental  s j t e  ' . 

(X-1) from those a t  t he  con t ro l  s i t e  (X-2).  

A t t r i b u t e s  Months 
No v  De c  Feb Ma r A P ~  May Jun Ju l  

Mean daytime -0.2 
temperature 

-0.9 0  .O* -1 .1 -1.2 -0.4 -0.3 -3.2 

. Mean daytime 
peak 

Mean n igh t t ime  -0.2, 
temperature 

0.8 1  .O 0.4 0.4 '  0.1 0.4 0.. 8 

Mean n igh t t ime  -0.3 
' minimum 

1.3 0.4 0.4 0.4 0.1* 0.6 0.8 

* no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rence  (95% conf idence l e v e l  ) 

We expected temperature pa t te rns  a t  2  cm t o  be more suscep t i b le  t o  i n f l u e n c e  

by c h a r a c t e r i s t i c s  o f ' e n e r g y  exchange a t  t h e  s o i l  sur face .  On t h e  o t h e r  

hand, temperatures a t  2 m are c e r t a i n l y  more a f f e c t e d  by advected energy. 

This, i n  t u r n  r e f l e c t s  t h e  i n f l u e n c e  o f  upwind energy exchange cond i t i ons  

(Oke 1978). I t  i s  poss ib le  t h a t  the  s h i f t  i n  daytime temperature d i f f e r e n c e s  

between March and A p r i l  1981 a t  2  m r e s u l t e d  from cons t ruc t i on  a c t i v i t i e s  i n  

t he  he1 i o s t a t  f i e 1  d. .The sometimes dramat ic  d i f f e rences  between t h e  c o n t r o i  

(X-2) and experimental  , ( X - 1 ) s i t e s  a t  2 c m  may have r e s u l t e d  from changes i n  

t h e  s o i l  su r face  composit ion. The experimental  s i t e  (X-1) i s  i n  t h e  area where 

new sand was deposi ted and where a h igh  p ropo r t i on  of t h e  surface i s  .covered 



w i t h  f i n e  sand. The c o n t r o l  s i t e ,  however, has a more t y p i c a l  ground su r f ace  

c o n s i s t i n g  o f  d e s e r t  pavement i n t e r s p e r s e d  w i t h  open areas.  

The da ta  f rom which t h e  temperature d i f f e r e n c e s  a t  t h e  two s i t e s  were 

d e r i v e d  ( F i g s .  . l o ,  11; Table  6) were n o t  a l l  s i g n i f i c a n t l y  d i f f e r e n t  (based 

on  p a i r e d  t - t e s t s ) .  Daytime average temperatures a t  2  m were n o t  s i g n i f i c a n t l y  

d i f f e r e n t  f r om  one ano the r  i n  December 1980, A p r i  1  1981 and May 1981 . Day peak 

average temperatures a t  2 m were n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom one another  

I m  March and May 1981. N i g h t  average and n i g h t  peak average temperatures were 

n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom one ano the r  i n  May and J u l y  1981.. A t  2  cm, 

day average temperatures ( February 1981 ) , day peak average ' temperatures . 

(November 1980 and February  1981 ) ,  and n i g h t  peak average temperatures (May 

1981 1 were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  I n  s p i t e  o f  t h e  f o rego ing  we b e l i e v e  

t h e  genera l  s i t e  r e l a t i o n s h i p s  desc r i bed  a r e  supported. by  t h e  o v e r a l l  body 

o f  o u r  data.  

The magnitude o f  tempera tu re  d i f f e r e n c e s  between c o n t r o l  (X-2) and 

exper imenta l  (X-1) s i t e s  a t  2  m (up  t o  1.3' C bu t  u s u a l l y  ~ 0 . 5 '  C)  i s  modest, 

and i's n o t  l i k e l y  t o  augur impo r tan t  b i o l o g i c a l  o r  e c o l o g i c a l  problems. 

However, ecosystems can be a f f e c t e d  by v e r y  smal l  temperature d i f f e r e n c e s  when 

expressed over  e x t e n s i v e  areas and f o r  l o n g  pe r i ods  o f  t i m e  (e.g,, Nobel 1980) .  

The temperature d i f f e r e n c e s  between c o n t r o l  (X-2) and exper imenta l  (X-1) s i t e s  

a t  2 cm (up  t o  5.8' C) a r e  o f  g r e a t e r  e c o l o g i c a l  i n t e r e s t - - i f  indeed these  

d i r r e r ~ e n c e s  r e p r e s e n t  e f f e c t s  o f  c o n s t r u c t i o n .  The s o i l  su r face ,  and t h e  

zone j u s t  above it, a r e  an impo r tan t  r e g i o n  f o r  smal l  an imals  and p l a n t  

ge rm ina t i on  and growth.  Temperature d i f f e r e n c e s  o f  5-6' C c o u l d  i n f l u e n c e  

t hese  b i o l o g i c a l  processes, a1 though t h e  i i t e n s i  ty o f  t h e  e f f e c t  w i l l  be 

mod i f i ed  by  t h e  t i m i n g  o f  v a r i o u s  b i o l o g i c a l  events .  



We have shown sma l l  b u t  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between a i r  

temperature a t t r i b u t e s  a t  a  s i t e  d i r e c t l y  downwind o f  t h e  h e l i o s t a t  f i e l d  

and another  s i t e  where downwind e f f e c t s  o f  c o n s t r u c t i o n  would be l e s s  l i k e l y ,  

We have a l s o  .shown t h a t  some o f  these d i f f e r e n c e s - - p a r t i c u l a r l y  those  observed 

near  ground l e v e l - - c o u l d  have e c o l o g i c a l  s i g n i f i c a n c e .  We have n o t ,  however, 

e s t a b l i s h e d  t h a t  t h e  d i f f e rences  a r e  assoc ia ted  w i t h  c o n s t r u c t i o n  a c t i v i t i e s .  

No p r o f i l e  measurements were made a t  these  s i t e s  be fo re  c o n s t r u c t i o n ,  and we 

have no da ta  w i t h  which t o  compare t h e  measurements made between November 

1980 and J u l y  1981. However, t h e  measurements r e p o r t e d  here  c o u l d  be an 

i m p o r t a n t  element i n  t h e  i n t e r p r e t a t i o n  o f  s i m i l a r  da ta  acqu i r ed  a f t e r  

t e s t i n g  and o p e r a t i o n  beg in .  

On J u l y  9 and 10, 1981 a  s e r i e s  o f  measurements o f  a1 bedo were made 

w i t h i n  t h e  c l e a r e d  he1 i o s t a t  f i e l d  and i n  und i s t u rbed  areas sur round ing  

t h e  f i e l d .  These measurements were made w i t h  a  Lambda Ins t ruments  200s 

pyranometer h e l d  about  0.8 m  above t h e  ground. Neasurements were made a t  

0610, 081 5, 1005, 1200, 1430 and 1640 hours a t  s i t e s  eas t  and west o f  t h e  

co re  area w i t h i n  t h e  f i e l d ,  and a t  p o i n t s  eas t ,  n o r t h e a s t  and n o r t h  o f  t h e  

f i e 1  d  i t s e l f .  

Twelve measurements made i n s i d e  and 18  measurements o u t s i d e  o f  t h e  

f i e l d  were grouped by t ime  and examined by f a c t o r i a l  a n a l y s i s  o f  va r i ance :  

two l o c a t i o n s  and s i x  t imes o f  day. Table  7 summarizes means o f  these  

measu'rements. 



Tab le  7. Mean measurements o f  albedo made w i t h i n  t h e  c l ea red  h e l i o s t a t  
f i e l d  and i n  areas o u t s i d e  t h e  f i e l d ,  J u l y  1980. 

S o l a r  t ime  I n s i d e  h e l i o s t a t  
f i  e l  d  

Outs ide he1 i o s t a t  
f i e 1  d  

The a n a l y s i s  o f  va r i ance  showed, as expected, a  h i g h l y  s i g n i f i c a n t  

e f f e c t  owing t o  t ime  o f  day ( F  - = 11.6, fO.O1 = 3 . 4 ) ,  b u t  no o t h e r  e f f e c t s .  The 

F-va lue f o r  l o c a t i o n  was 0.2 (rO.Ol - = 7.2) .  Albedo, as we measured it, d i d  

n o t  d i f f e r  i n  t h e  c l e a r e d  h e l i o s t a t  f i e l d  and i n  und is tu rbed  areas beyond. 

However, because t h e  i ns t rumen t  was l e s s  than a  meter  above ground t h e  e f f e c t  

o f  t h e  absence o f  v e g e t a t i o n  was n o t  r e a l l y  r eg i s te red - - i . e . ,  a t  0.8 m t h e  

i n s t r u m e n t  measured t h e  r e f l e c t e d  r a d i a t i o n  f rom bare  ground i n  bo th  denuded 

and vege ta ted  areas.  Had measurements been made from t h e  a i r ,  we would expect 

a  h i g h e r  a lbedo f o r  t h e  exposed s u r f a c e  o f  I h e  h e l i o s t a t  f i e l d  because t h e  

 instrument,'^ f i e l d  o f  v iew would be g r e a t l y  inc reased  and t h e  absence o f  

v e g e t a t i o n  would then  r e g i s t e r  as an i nc rease  i n  su r f ace  r a d i a t i o n  r e f l e c t i o n .  



4.6 Annual p l a n t s  i n  o f f - f i e l d  p l o t s  

S i x  1-ha p l o t s  (100 x  100 m) were e s t a b l i s h e d  eas t  (downwind) o f  the 

' p rospec t i ve  h e l i o s t a t  f i e l d  e a r l y  i n  1979. Two o f  these (1-2)  l a y  about 

125 m e a s t  o f  t h e  eas te rn  marg in  o f  t h e  f i e l d .  P l o t  3  was 300 m no r theas t  

o f  t h e  edge. P l o t s  4, 5  and 6 were 730, 740 and 930 rn no r theas t  o f  t h e  

eas te rn  edge o f  t h e  f i e l d .  Annual p l a n t s  were counted i n  quadrats  i n  

these  p l o t s  i n  t h e  s p r i n g  o f  1979, 1980 'and 1981. P l o t  1  con ta ined  49 

quadrats,  P l o t  '2 had 50, P l o t  3  had 36, P l o t  4  had 37, P l o t  5  had 36, and 

P l o t  6  had 36. Permanent marks were p laced  so t h a t  we cou ld  reposition:" 

quadrats i n  t he  same p laces  each year .  Common spec ies o f  annual p l a n t s  

,were harves ted  and d r i e d  so t h a t  we c o u l d  es t ima te  mean d r y  we igh ts  o f  

va r ious  spec ies.  These means were then  comb'ined w i t h  es t imates  o f  
, - 

d e n s i t i e s  o f  va r ious  k i n d s  o f  annual p l a n t s  so as t o  es t ima te  d r y  we igh t  

s t and ing  crops i n  p l o t s .  

We computed a  d i v e r s i t y  index  based on t h e  r e l a t i v e  d e n s i t i e s  and 

d r y  weight  s t and ing  crops o f  va r ious  spec ies o f  annuals.  I f  t h e  o v e r a l l  

d e n s i t y  o f  annual p l a n t s  was - D, t h e  o v e r a l l  s t and ing  c r o p  - B, and d. and b. 
-1 -1 

the  d e n s i t y  and biomass o f  t he  ith species,  then  t h e  r e l a t i v e  d e n s i t y  

and r e l a t i v e  biomass o f  t h e  Lth species were computed as 100d./D and 
-1 

100b./B, r e s p e c t i v e l y .  These two va lues were summed f o r  each spec ies t o  
-1 

g i ve  a  s e r i e s  o f  " importance va lues"  ( I .  ) .  D i v e r s i t y  was computed as : 
-1 

A f l o r a  c o n s i s t i n g  o f  b u t  one species would have a  d i v e r s i t y  i ndex  o f  

one. A very  r i c h  f l o r a ,  w i t h  a l l  spec ies ex t l i b i  t i n g  t h e  same impor tance 

values ,. would have a  d i v e r s i t y  index  approaching zero. 



In order  t o  make comparisons between observations i n  plo t s  we used 

two kinds of t e s t s .  The f i r s t  was a simple non-parametric rank correla-  

t i o n  t e s t ,  as described by Snedecor (1 956: p. 190).  One compares the 

ranking o f ,  say,  dens i t i e s  o r  biomass in  various p lo t s  in successive 

years t o  determine whether signi  f i c an t  reorderi ng i  n rank has occurred. 

The s t a t i s t i c  r, may range from -1.0 (conipl e t e  disdccord) to  +I .0 (corn- 

p le te  accord).  One t e s t s  the hypothesis (%) t h a t  there  i s  no corre la t ion 

between rankings i n  d i f f e r e n t  years.  For s i x  cases (6  p l o t s ) ,  the 

c r i t i c a l ,  r+ values f o r  r e j e c t i ng  % a r e  >+0.886 and <-0.886. We a l so  

examined r a t i o s  of  change i n  .various a t t r i b u t e s  between years ,  by dividing 

t h e  mean value observed i n  year  - n+l by t ha t  observed i n  year - n .  Because 

we computed standard e r ro rs  of the  means of variables fo r  d i f f e r en t  years ,  

we could es t imate  t he  standard e r ro rs  o f  these r a t i o s .  Given t ha t  we 

have a mean value f o r  year  - n+l (x), an est imate of s  .e.,, a  mean value for  

year  ~ ( 7 )  and an es t imate  o f  s.e.-, one may est imate the standard e r ro r  
- Y -- 

X 
o f  - as:  

We can compare r a t i o s  in  d i f fe ren t  areas  by f i r s t  computing the  difference 

between r a t i o s  ( - 1,) and est imating the  standard e r r o r  of  the  d i f fe r -  

ence a s :  

Then (cl - c2 ) / s ed  i s  a  L - s t a t i s t i c ,  approximately normal in  d i s t r ibu t ion  
- 

w i t h  a mean of  zero and a standard deviation of one. 



About 90 k inds  o f  annual p lan ts  were i d e n t i f i e d  i n  t he  downwind 

environs o f  t h e  s o l a r  s i t e .  However, t h e  grea tes t  number o f  d i f f e r e n t  

species ever  r e g i s t e r e d  i n  any o f  the  s i x  p l o t s  under s tudy was.47 ( P l o t  

' . ?, 1979). General ly,  we recorded from around 25 t o  35 k i nds .  o f  annuals 

i n  p l o t s  i n  1979. Fo l low ing  t h e  low r a i n f a l l  w i n t e r  o f  1980-81, we o n l y  

r e g i s t e r e d  from 9  t o  16 k inds  o f  annuals i n  p l o t s  du r i ng  the  s p r i n g  o f  

1981. 

General a t t r i b u t e s  o f  . s p r i n g  f l o r a s  i n  1979, 1980 and 1981 are  s e t  

f o r t h  i n  Appendix 3. Standard e r r o r s  o f  means a re  based on v a r i a t i o n s  

r e g i s t e r e d  i n  the  d i f f e r e n t  quadrats inspec ted  i n  p l o t s .  Year-to-year 

changes i n  est imated abundances o f  these f i v e  species a re  given i n  

Appendix 4. Appendix 5  g ives est imated d r y  weight  s tanding crops o f  

t h ree  species i n  1979, 1980 and 1981. The 1979 data o r i g i n a l l y  presented 

by Turner (1979: pp. 24 e t  seq.) were l a t e r  rev ised,  so some o f  t he  

f i gu res  presented here d i f f e r  from those i n  the  e a r l i e r  r e p o r t .  

Appendix 3 shows, as expected, t h a t  annua.1 f l o r a s  downwind o f  t he  

s o l a r  s i t e  underwent pronounced changes between t h e  1979 and 1981 growing 

seasons. Aggregate d e n s i t i e s  o f  p l a n t s  almost doubled between 1979 and 

1980, w h i l e  d r y  weight biomass dec l i ned  about 25%. A1 though t h e r e  were 

many more p l a n t s  i n  1980, they were much sma l l e r  than those i n  1979, and 

t h e  1980 p l a n t s  grew l i t t l e ,  d r i e d  o u t  and d ied  q u i c k l y .  Fjurnbers o f  

species observed i n  p l o t s  were gene ra l l y  s tab le  between 1979 and 1980. 

By the  s p r i n g  o f  1981 , however, annual f l o r a s  were conspicuously i m -  

poverished i n  a l l  p l o t s .  Numbers dec l i ned  t o  around 25% o f  t h e i r  1979 

l e v e l ,  w h i l e  biomass dwindled t o  about 10% o f  t h e  1979 s tand ing  crop. 

Numbers o f  species observed i n  1981 were around 30-50% o f  those 

present  i n  prev ious years.  It i s  i n t e r e s t i n g  t o  note t h a t  t h e  d i v e r s i t y  

index computed from sampl ing data showed a  s l  i g h t  inc rease between 1979 

and 1980, and again between 1980 and 1981. D i v e r s i t y  i s  n o t  t o  be 

3 9 



confused w i t h  spec i  e s - r i  chness. D i v e r s i t y  takes i n t o  account t h e .  r e l a t i v e  

abundance o f  d i f f e r e n t  k i n d s  o f  spec ies.  The p o i n t  i s  t h a t  we w ish  t o  be 

a b l e  t o  d i s t i n g u i s h  between a  f l o r a  composed o f ,  say, one spec ies repre -  

sen ted  by 1,000 i n d i v i d u a l  s  and 15 o t h e r  species,  each represented by a  

s i n g l e  i n d i v i d u a l .  Such a  f l o r a  i s  c l e a r l y  l e s s  d i v e r s e  than  one composed 

o f  16 e q u a l l y  abundant spec ies.  

Appendixes 4 and 5  show t h a t  t he  commoner spec ies o f  annuals were n o t  

e q u a l l y  abundant i n  a1 1  p l o t s ,  and t h a t  s t and ing  crops a l s o  d i f f e r e d  

between p l o t s .  Because P l o t  1  was very  sandy, ce r , t a i  n p l a n t s  (e.g., 

Schismus a r a b i  cus and Erod i  um c i c u t a r i  um) were more common--often much 

more s o - - i n  t h i s  p l o t .  A l l  o f  P l o t  2 and about  h a l f  o f  P l o t  1  l a y  w i t h i n  

t h e  a rea  wh ich  was c l e a r e d  o f  a l l  vege ta t i on  i n  1953, and some o f  t h e  

d i f f e r e n c e s  between these  p l o t s  and t he  o t h e r s  a r e  r e l a t e d  t o  t h i s  pas t  

exper ience.  The l o c a l  abundance o f  d e s e r t  g o l d  was more or- l e s s  comple- 

mentary t o  d e n s i t i e s  o f  Schismus and Erodium. Appendixes 4 and 5  a l s o  

show t h a t  i n d i v i d u a l  spec ies d i d  n o t  n e c e s s a r i l y  f o l l o w  t h e  broad pa t t e rns  

o f  change desc r i bed  i n  connec t ion  w i t h  o v e r a l l  annual f l o r a s .  Because 

Schismus a rab icus  composed such a  l a r g e  f r a c t i o n  o f  a1 1  p l a n t s  counted i n  

quadrats ,  i t s  year - to -year  changes s e t  t h e  general  tone  f o r  changes i n  

aggregate d e n s i t i e s  . However, dens i  ti es o f  d e s e r t  go1 d and Cryptantha 

a n g u s t i f o l i a  d e c l i n e d  th roughout  t h e  s tudy  i n  a l l  p l o t s .  I n  1981 Erodium 

c i  c u t a r i  um c o n t r i b u t e d  most subs t a n t i  a1 l y  t o  t h e  t o t a l  s t and ing  c rop  o f  

annuals.  Other  spec ies e x h i b i t e d  d i f f e r e n t  p a t t e r n s  o f  change i n  d i f f e r e n t  

p l o t s .  I t  i s  a g a i n s t  t h i s  backdrop o f  n a t u r a l  v a r i a t i o n ,  i n c l u d i n g  t h e  

 conspicuous yea r - t o - yea r  changes i n  annual f l o r a s ,  t h a t  we must seek 

ev idence o f  e f f e c t s  o f  c o n s t r u c t i o n  o f  S o l a r  One. 



Tabl e 3 gi'ves observed ranks o f  f o u r  c o i l  e c t i  ve a t t r i b u t e s  o f  annual 

p l  zn ts  i n  p l o t s  between 1979 and 1981. 

Table 8. Observed ranks o f  a t t r i b u t e s  o f  annual f l o r a s  i n  s i x  p l o t s  
dowr~wirld o f  t he  s o l a r  s i t e ,  1979-1981. 

P l o t s  

A t t r i  bute Year 1 2 3 4 5 6 

Numbers o f  d i  f f e r e n t  1979 3 2 5 1 6 4 
. . spec ies  observed 1980 2 3 6 .  4 5 1 

1981 6 5 2 3-4 3-4 1 

Aggregate dens i t y  

Aggregate biomass 

Di v e r s i  ty  

Table 9 g ives  s i m i l a r  r ank inys  f o r  d e n s i t i e s  and s tand ing  crops o f  

se lec ted  spec ies o f  annual s between 1979 and 1981 . Tabl e 10 g i  ves v a l  ues 

o f  r, based on  da ta  i n  Tables 8 and 9 .  Here, we g e n e r a l l y  compared 1979- 

80 and 1980-81 , b u t  we have a1 so i n c l  uded two comparisons o f  1979 and 1981 . 

With  t h r e e  except ions,  rank ings  between 1979 and 1980 were more s i m i l a r  

than  between 1 9 8 0 a n d  1981. Apparent ly ,  t h e  d r a s t i c  r e d u c t i o n  i n  numbers 

and k i n d s  o.f spec ies d u r i n g  t h e  ve ry  poor  season o f  1981 a l t e r e d  t h e  



Table 9. Observed ranks  o f  d e n s i t i e s  and dry weight s t and ing  crops o f  
s p e c i e s  o f  annuals  in '  si'x p l o t s  downwind o f  t h e  s o l a r  s i t e ,  
1979- 1 981 . 

Spec ie s  and 
P l o t s  

a t t r i b u t e  Year 1 2 3 4 5 6 

Cryptantha 
a n g u s t i f o l i a  

dens i t y  1979 3 2 1 5 6 4 

1 980 2 3 1 I, 6 4 

1981 6 4 3 2 5 1 

s t a n d i  ng c rop  

Eri oqonum 
tri chopes 

dens i t y  

Erodi urn 
c i c u t a r i  urn 

dens i t y  

s t a n d i  ng c r o p  

d e n s i t y  

Sch? s.mus 
a:rabi cus 

d e n s i t y  

s t a n d i n g  crosp 



2 
Table 10. Values o f  cd  and 3 based on rank ings  o f  va r ious  c o l l e c t i v e  

a t t r i b u t e s  zf annual f l o r a s  and o f  i n d i v i d u a l  spec ies d e n s i t i e s  
i n  s i x  p l o t s  downwind o f  t h e  s o l a r  s i t e ,  1979-1981. S t a t i s -  
t i c a l l y  s i g n i f i c a n t  values o f  r+ a r e  i n d i c a t e d  by a s t e r i s k s .  

A t t r i b u t e  o r  
species 

Years 
compared zd2 - . . % 

Number o f  
d i  f f e r e n t  spec ies 

Aggregate 
d e n s i t y  

Aggrega t.e 
biomass 

. . - C. a n g u s t i f o l i a  

dens i t y  

s t a n d i  ng c rop  1979-80 
1980-81 

Dens i ty  o f  1979-80 8 0.77 
E. t r i c h o p e s  - 1980-81 2.5 0.93* 

E. c i c u t a r i u m  - 

d e n s i t y  

s t a n d i  ng c r o p  1979-80 
1980-81 

Dens i t y  o f  1979-80 0 1 . OO* 
G. canescens - 1980-81 22.5 0.36 

S. arab icus  - 

d e n s i t y  

s tand ing  c r o p  1979-80 
1980-81 



i n t e r - p l o t  assoc ia t i ons  observed d u r i n g  t h e  f i r s t  two years.  We should 

a l s o  bear i n  mind, however, t h a t  f a r  fewer annuals were counted du r i ng  

t h e  1981 sampling, and t h i s  may have had some e f f e c t  on t h e  apparent 

r a n k i  ngs. 

Only 10 o f  26 values o f  5 i n  Table10 were s t a t i s t i c a l l y  s i g n i f i c a n t  

( i  .e., >0.886 o r  <-0.885) so, i n  general ,  t h e  hypothesis o f  no c o r r e l a t i o n  

between rankings was - n o t  re jec ted .  The eas ies t  s i t u a t i o n s  t o  i n t e r p r e t  

a re  those i n  which pa t te rns  were una l te red  throughout  t h e  course o f  t he  

study, e.g., t h e  d e n s i t y  o f  Erodium c icu ta r ium.  I n  o t h e r  instances 

d e n s i t i e s  o r  s tand ing  crops were s i m i l a r  between 1979 and 1980 b u t  n o t  

between 1980 and 1981 . Note t h a t  between 1979 and 1981 , based on sampling 

data ava i l ab le ,  t h e  r e l a t i v e  abundance o f  - S.  arabicus was almost p e r f e c t l y  

reversed, i .e., t h e  p l o t s  w i t h  h i g h  d e n s i t i e s  i n  1979 had low d e n s i t i e s  

i n  1981 , and v i c e  versa. 

Does l a c k  o f  rank c o r r e l a t i o n  i n  successive years have any th ing  t o  do 

w i t h  t h e  c o n s t r u c t i o n  o f  So la r  One? I f  t h i s  were so, one might  expect 

reo rde r i ng  i n  ranks t o  show changes i n  r e l a t i o n s h i p s  between the  p l o t s  

c l o s e  t o  t h e  s o l a r  s i t e  (1-3) and those f a r t h e r  eas t  (4-6).  Several 

kxamples may be g iven  t o  show how t h i s  d i d  - n o t  occur:  number o f  d i f f e r e n t  

species,  1979-80; aggregate dens i t y ,  1979-80; d e n s i t y  o f  - E. t r i chopes ,  

1979-80. I n  a l l  o f  these cases, ranks among t h e  th ree  c l o s e s t  p l o t s  and 

the  th ree  more remote p l o t s  were rearranged. These s o r t s  o f  changes a re  

very  u n l i k e l y  t o  imp ly  an anthropogeni c  d is turbance.  I n  o t h e r  instances,  

however--general l y  between 1980 and 1981--ranki ngs were more d r a s t i c a l l y  

reordered. D i v e r s i  t y  i n  t h e  c l o s e - i n  p l o t s  and t h e  r e l a t i v e  abundances 

o f  - C. angust i  f o l  i a  and - S. arabicus were a l l  r e s h u f f l e d  so t h a t  o r i g i n a l  

r a n k i  ngs were a1 te red .  



These l a s t  types o f  changes can o n l y  be. advanced as p o s s i b l e  e f f e c t s .  

I f  t he  d e p o s i t i o n  o f  new sand i n  P l o t s  1 and 2 d u r i n g  t h e  f a l l  o f  1979 was 

a  d i s t u r b i n g  i n f l u e n c e ,  why d i d  we n o t  see more evidence o f  change when t h e  

1979 and 1980 seasons were compared? I n  a t t e m p t i n g  t o  eva lua te  t h e  rank  

c o r r e l a t i o n  t e s t s ,  we need t o  take  i n t o  account '  severa l  p o i n t s  bea r i ng  on 

t h e  i n t e r p r e t a t i o n  o f  such da ta .  F i r s t ,  t h e  es t imates  we a r e  r a n k i n g  a r e  s u b j e c t  

t o  e r r o r .  Second, t h e r e  a r e  c l e a r l y  d i f f e r e n c e s  between i n d i v i d u a l  spec ies 

i n  terms o f  t h e i r  s u s c e p t i b i l i t y  t o  d i s tu rbance  a n d / o r , n a t u r a l  i n f l u e n c e s .  

Th i rd ,  e f f e c t s  o f  an th ropogen i .~  ( b r  non -na tu ra l )  p e r t u r b a t i o n s  may be masked 

d u r i n g  f a v o r a b l e  c o n d i t i o n s  and o n l y  expressed when n a t u r a l  s t r esses  a r e  

. i n t e n s i f i e d .  Th is  p o i n t  cou ld  be r e l a t e d  t o  t h e  apparent  d i f f e r e n c e s  i n  

t h e  1980 and 1981 seasons desc r i bed  above. 
i 

We may a l s o  l o o k  a t  d i r e c t i o n s  and degree o f  change i n  a t t r i b u t e s  o f  

f l o r a s ,  o r  d e n s i t i e s  and s tand ing  c rops  o f  spec ies,  f rom one year  t o  t h e  

nex t .  An i n s p e c t i o n  o f  yea r - t o - yea r  changes i n  d e n s i t i e s  o f  i n d i v i d u a l  
+ ,  

spec ies i n  s i x  p l o t s  (Append i ,~  4 ) l e d  us t o  s e l e c t  Schismus a rab i cus ,  Geraea 
1: 

canescens, Cryptantha a n g u s t i f o l i a  and -- Erodium c i c u t a r i u m  f o r  such ana lyses .  

Numbers o f  these  spec ies f o l l owed  s i m i l a r  t r ends  i n  a l l  p l o t s  between 1979 

and 1981. D e n s i t i e s  o f  --- Schismus inc reased  between 1979 and 1980, then  

decreased i n  1981. D e n s i t i e s  o f  Erodium tended t o  i nc rease  th roughou t  t h e  

s tudy .  Dens i t i e s  o f  t h e  o t h e r  two spec ies d e c l i n e d  i n  b o t h  yea rs .  Table  11 

g i ves  r a t i o s  o f  changes f o r  these f o u r  spec ies .  The t a b l e  a l s o  g ives  

assoc ia ted  s tandard .e r ro t -s  f o r  these  r a t i o s ,  based on t h e  s t a n d a r d ' e r r o r s  

o f  t h e  numecators and 'denomi na to r s  used t o  compute r a t i o s .  



Table 11 . Rat i os  o f  changes ( +  standard e r r o r s )  i n  d e n s i t i e s -  o f  f o u r  species 
o f  annual p l a n t s  (year - n+l/year-n) - i n  s i x  p l o t s  downwind o f  t h e  s o l a r  s i t e ,  
1979-1 981 . 

Years P l o t s  Cryptantha Erod i  urn Geraea Schi  srnus 
angus t i  f o l  i a  c i cu ta r iu !  canescens a rab icus  

Table I? g i v e s  r a t i o s  o f  changes i n  s tand ing  crops o f  t h r e e  spec ies ,  Table 13 

g i ves  s i m i l a r  data p e r t a i n i n g  t o  f o u r  c o l l e c t i v e  a t t r i b u t e s  o f  annual f l o r a s .  

We now i n q u i r e  as t o  whether r a t i o s  i n  d i f f e r e n t  p l o t s  d i f f e r e d  s i g n i f i c a n t l y  



Table 12 . Rat i os  o f  changes ( +  s tandard  e r r o r s )  i n  s t and ing  crops o f  
t h r e e  spec ies o f  annual p l a n t s  Tyear  c + l / y e a r  n) i n  s i x  p l o t s  downwind 
o f  t h e  s o l a r  s i t e ,  1379-1981. 

P l o t s  Cryptantha Erodium c i c u t a r i u m  
angus t i  f o l  i a  

Schismur 
a rab i cus  

and, i f  so, what t h i s  may mean, Ra t i os  were compared f o r  a l l  15 p a i r s  o f  
. . 

L 

p l o t s  i n  each s e t  o f  s i x  p l o t s  g i ven  i n  Tables 11, 12 and 13,  These 

c a l c u l a t i o n s  showed t h a t  none o f  t h e  r a t i o s  p e r t a i n i n g  t o  - G. canescens d i f f e r e d .  

Th is  was a l s o  t r u e  o f  r a t i o s  o f  changes i n  d e n s i t i e s  o f  - E.  c i c u t a r i u m  ( b o t h  

years ) ,  o f  d e n s i t i e s  and s tand ing  crops o f  - S .  arab icus  and - C. d n g u s t i f o l i a  

between 1979 and 1980, o f  s t and ing  crops o f  - E, c i c u t a r i u m  between 1979 

and 1980, and o f  changes i n  aggregate d e n s i t y  between 1979 and 1980, The 

o t h e r  10 comparisons i nd i ca ' t ed  some s i g n i f i c a n t  d i f f e r e n c e s  between r a t i o s .  



Tabl: 
a t t r  
t h e  

e 1 3 .  Ra t i os  o f  changes (+  s tandard  e r r o r s )  i n  f o u r  c o l l e c t i v e  
l i bu tes  o f  annual f l o r a s  ( yea r  - n+ l /year  n )  i n  s i x  p l o t s  downwind o f  
s o l a r  s i t e ,  1979-1981, 

Years P l o t s  Number o f  Aggregate Aggregate D i v e r s i t y  
spec ies  per  d e n s i t y  d r y  we igh t  

quadra t  biomass 

Table  13 g i ves  a b s o l u t e  va lues o f  - Z - s t a t i s t i c s  ( i  .e., d i f fe rences  between 

r a t i o s  were b o t h  p o s i t i v e  and nega t i ve ,  b u t  nega t i ve  s igns  have been dropped) .  

Again, we need t o  l o o k  f o r  evidence o f  s i g n i f i c a n t  changes i n  P l o t s  1  and 2 

r e l a t i v e  t o  t h e  o t h e r  p l o t s .  I n s p e c t i o n  o f  r a t i o s  o f  change (Tables 11--13)  

and assoc ia ted  - Z - s t a t i s t i c s  (Tab1 e  14  ) i n d i c a t e s  t h e  f o l l o w i n g  p o i n t s  : 



Table 14. - 2 - s t a t i s t i c  va lues f o r  p a i r s  o f  p l o t s  downwind o f  t h e  s o l a r  s i t e ,  1979-81. Values o f  Z exceeding 1.96 a r e  
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  5% l e v e l  (*)  ; values exceeding 2.58 a r e  s i g n i f i c a n t  a t  t h F  l%level (**). 

- - 

Species pe r  Aggregate Aggregate Dens i t i es  o f  S tand ing  c rop  
P l o t  quadrat  dens i t y  biomass D i  vers i t y  speci  es , 1 980-81 o f  Erodium 
p a i  r s  1979-80 1980-81 1980-81 1979-80 1980-1 1979-80 1989-81 Cryptantha Schi  smus o f  1980-81 



1. The i nc rease  i n  mean number o f  species per  quadrat  i n  P l o t  5 i n  1980 

d i f f e r , e d  s i g n i f i c a n t l y  f rom changes observed i n  a l l  b u t  one o f  t h e  o t h e r  

f i y e  p l o t s .  

2. The r e d u c t i o n  i n  mean numbers of  spec ies per  quadrat  i n  P l o t s  1  and 

2 i n  1981 was g e n e r a l l y  more severe than  i n  any o f  t h e  o t h e r  p l o t s .  

3 .  Aggregate d e n s i t y  dec l i ned  s i g n i f i c a n t l y  more i n  P l o t  2 i n  1981 

than i n  t h r e e  o t h e r  p l o t s .  

4. P l o t  1  sus ta i ned  i t s  l e v e l  o f  biomass s i g n i f i c a n t l y  b e t t e r  than  

f o u r  o t h e r  p l o t s  between 1979-80. Th i s  was because o f  unusua l l y  h i g h  n e t  

p roduc t i on  by Erodium c i c u t a r i u m  i n  P l o t  1 .  Reduct ion i n  aggregate biomass i n  - 

P l o t  4 was l e s s  than  i n  o t h e r  p l o t s  between 1980-81. 

5. D i v e r s i t y  inc reased  s i g n i f i c a n t l y  i n  P l o t s  5 and 6 r e l a t i v e  t o  

P l a t s  1 and 4 i n  1980. ~ i v e r s i t ~  g e n e r a l l y  inc reased  between 1979 and 1980 

because biomass p roduc t i on  was more evenly  d i s t r i b u t e d  among t h e  va r i ous  

spec ies .  I n  1979 t h e  biomass o f  Schismus a rab icus  was more predominat ing.  

Ten o f  15 i n t e r - p l o t  comparisons showed s i g n i f i c a n t  d i f f e r e n c e s  i n  changes 

i n  d i v e r s i t y  between 1980-81. P l o t s  1-3 e x h i b i t e d  g r e a t e r  losses  i n  

d i v e r s i t y  t h a n  P l o t s  5 and 6. 

6. Dens i ty  o f  Cryptantha a n g u s t i f o l i a  was b e t t e r  sus ta ined  i n  P l o t  3 

r e l a t i v e  t o  P l o t s  1  and 2 between 1980-81. P l o t s  1  and 5 a l s o  d i f f e r e d .  

7. Reduct ions i n  d e n s i t i e s  o f  Schismus a rab icus  i n  P l o t s  1  and 2 between 

19.80 and 1981 were s i g n i f i c a n t l y  g r e a t e r  than i r l  o t h e r  p l o t s .  

8. The r e d u c t i o n  o f  s t and ing  c r o p  o f  Erodium c i c u t a r i u m  i n  P l o t  1  

b.etween 1980 and 1981 d i f f e r e d  s i g n i f i c a n t l y  from t h e  inc rease  i n  s tand ing  

c r o p  i n  P l o t  4. I n  f a c t ,  as we w i l l  see, t h e  reduc t i ons  o f  biomass o f  Erodium 

i n  both P l o t s  1  and 2 between 1980 and 1981 were appa ren t l y  a  response t o  



continued accumulation o f  new'sand i n  port ions o f  these p lo ts .  

O f  these changes, we judge 2, 3, 7 and 8 t o  be associated w i t h  deposi t ion 

o f  sand i n  P lo ts  1 and 2. We do no t  be l ieve t h a t  1, 4 and 6 have anything t o  

do w i t h  construct ion o f  Solar  One, and i t  i s  not  c lea r  how t o  i n t e r p r e t  5. 

I n  order t o  inves t iga te  more d i r e c t l y  possib le e f fec ts  o f  new sand on 

dens i t ies  and sizes o f r p l a n t s  i n  areas c lose to' the he l i os ta t  f i e l d ,  we 

l a i d  out  fou r  200-111 l i n e s  running east from the fence around the f i e l d  i n  the 

2 
sp r ing  o f  1981 . On A p r i l  3, 1981, we establ ished 1 m quadrats every 20 m along 

these l i nes .  We then counted and measured the heights o f  a l l  Schismus arabicus 

and Erodium cicutar ium i n  these quadrats. These were the on ly  two species 

present i n  s i g n i f i c a n t  numbers. Table 15 gives mean counts and heights o f  

p lants (+  - standard e r ro rs )  i n  4Q quadrats between 0-100 and 100-200 m east of 

the fence. 

Table 15. Mean heights (cm) and numbers (2 standard e r ro rs )  o f  two species 
of annuals between 0 and 200 m east o f  the he1 i o s t a t  f i e l d ,  A p r i l  1981 . 

Speci es Distance Number of Mean counts Mean heights 
from f i e 1  d (m) quadrats pet- quadrat (em 

Erod 1 um 0 - 100 
c i  c u t a r i  urn 

100 - 200 

Schismus 



Counts and measurements o f  2, arabicus do not d i f f e r  s ignif icant ly,  while 

those pertalning t o  E. cicutarium do (& = <0,05). Whereas both s i ze  and 

numbers of Erodium were 'reduced i n  areas close to  the he1 ios t a t  f i e ld ,  

observations of Schismus i n  areas of newly deposited sand i n  1980 showed 

tha t  a1 though numbers were reduced those plants germinating achieved somewhat 

larger  s izes  (Fig. 12 ) . We interpreted th i s  as owing t o  reduced competitfon. 

Although mean numbers and s izes  of Schismus a t  different  distances from the 

f i e l d  do not d i f f e r  i n  Table 15 , the means vary i n  directions consistent w i t h  

the  1960 observations, These kinds of differences a r e  not always supported by 

Figure 12 . Area of deposition of new sand downwind of the solar s i t e  i n  the 
spring of 198Q. Notice the lower density ( h u t  larger  s i ze )  of grasses (Schismus 
arabicus) growing in newly deposited sand. 



measurements i n  t h e  s i x  p l o t s .  For exampl e, 1980 measurements o f  numbers 

and s tand ing  crops o f  Schismus imp l y  no d i f f e rences  between P l o t s  1  and 2  and 

t he  o t h e r  p l o t s .  However, n o t  a l l  quadrats  i n  c l o s e - i n  p l o t s  were a f f e c t e d  

by sand, and o v e r a l l  p l o t  means may have masked d i f f e r e n c e s  expressed i n  

i n d i v i d u a l  quadra ts .  The e f f e c t s  shown i n  Table  15 and F igu re  12 were observed 

w i t h i n  100 m o f  t h e  h e l i o s t a t  f i e l d  and were o f t e n  (as i n  F i g .  12) h i g h l y  

1  oca l  i zed. 

The c o l l e c t i v e  i m p l i c a t i o n s  o f  a l l  o f  t h e  da ta  reviewed a r e  t h a t  con- 

s t r u c t i o n  a c t i v i t i e s  a t  t h e  s o l a r  s i t e  i n f l u e n c e d  some elements o f  annual 

v e g e t a t i o n  i n  P l o t s  1  and 2. The one conspicuous f a c t o r  was d e p o s i t i o n  o f  

sand blown from t h e  su r f ace  o f  t h e  c l e a r e d  h e l i o s t a t  f i e l d .  Not every  spec ies 

o f  p l a n t  was a f f ec ted .  As po in ted  o u t  above, t h e  e f f e c t s  we observed 

were l o c a l i z e d - - w i t h i n  100-125 m o f  t h e  edge o f  t h e  f i e l d .  Wh i le  d is tu rbances  

o f  t h i s  n a t u r e  may a f f e c t  some spec ies adverse ly ,  t hey  o f t e n  s h i f t  d e l i c a t e  

c o m p e t i t i v e  r e l a t i o n s h i p s  t o  t h e  advantage of  o t h e r  spec ies.  The o v e r a l l  

e f f e c t  o f  such .per tu rb 'a t ions  i s  t o  a l t e r  t h e  r e l a t i ' v e  abundance o f  c e r t a i n  

spec ies and, i n  p a r t i c u l a r l y  un favo rab le  yea rs ,  t o  reduce spec ies- r ichness.  

4.7. Annual p l a n t s  i n  t h e  h e l i o s t a t  f i e l d  

Sampling o f  annual p l a n t s  a l ong  t h r e e  l i n e s  w i t h i n  t h e  p rospec t i ve  

m i r r o r  f i e l d  i n  t h e  sp r i r i g  o f  1978 showed t h a t  aggregate numbers and s tand ing  

crops i n  t h i s  p r e v i o u s l y  d i s t u r b e d  area cons ide rab l y  exceeded d e n s i t i e s  and 

s tand ing  crops measured i n  areas o u t s i d e  (downwind) o f  t h e  p rospec t i ve  f l e l d .  

For example, es t imated  aggregate d e n s i t i e s  ranged f rom around 3000 t o  8 9 0 0 - m - ~ ,  

and aggregate biomass f rom 670 t o  930 kg.ha- ' .  The f l o r a  was n o t  p a r t i c u l a r l y  

r i c h  i n  . terms o f  d i f f e r e n t  species recorded  ( c a .  25) ,. hut was more d i v e r s e  



(Simpson indexes f rom 0.49 t o  0.67) than  areas downwind o f  t he  p rospec t i ve  

h e l i o s t a t  . f i e l d  (Turner  1979 : p. 24) .  

.On A p r i l  '26, 1980, about s i x  months a f t e r  t h e  h e l i o s t a t  f i e l d  had been 

c l e a r e d  and graded R ichard  Hunter  inspec ted  severa l  areas o f  t h e  f i e l d .  The 

ground where pedesta l  s  had been i n s t a l  1  ed 'was v i  r t u a l l  y  bare,  b u t  p l a n t s  were 

growing i n  o t h e r  areas which had .been l e v e l e d  and compacted. Numbers were 

sparse, b u t  a t  l e a s t  2'1 .k inds o f  annual p l a n t s  and 4 species o f  perenn ia ls  

were observed (,Tab1 e 16 ) . 

Table 16 .  Annual .p lan ts  and herbaceous p e r e n n i a l s  growing i n  he1 i o s t a t  f i e 1  d 
i n  A p r i l  1980. 

I n t r oduced  spec ies N a t i v e  species 

Bromus tec to rum (g rass )  
B .  w i l d ~ g r . a s s )  - 
Capsel l a  bursa-pas t o r i s  
Chenopodium a1 bum 
Cynodon d a c t y l  on (Bermuda 
Erod i  um c i c u t a r i  urn 
Hordeum gl  aucum (g rass  ) 
H. vu lga re  (g rass ,  bar1 ey - 
Plantago major  
Sa l so la  ~ a u l , s e n i i  
Schismus a rab icus  
Sisymbrium i r i o  

As t raga l  us didymocarpus 
Cryptantha angus t i  f o l  i a  
Descura in ia  p i n n a t a  
Eremal che e x i l  i s  
Eriogonum tri chopes 
Euphorbia sp. 
Geraea canescens 
Hesperocal l  i s  undu la ta*  
L u ~ i n u s  shock1 e v i  
Oenothera_ sp. 
Pal a f o x i a  1  i n e a r i s *  
P l a n t a ~  i n s u l a r i s  
s t e p h a n o i n m i  f l  o ra*  

* 
.herbaceous pe renn ia l  

I n  June 1981 , Herbe r t  H i 1  1 observed Stephanomeria pauc i  f l  o ra  , T i  1  i qua  p l  i c a t a  

(herbaceous pe renn ia l  ) , Cryptantha angus t i  f o l  i a  , Sisymbrium i r i o ,  Schismus 

a rab icus  and Sa l so la  p a u l s e n i i  i n  t h e  m i r r o r  f i e l d ,  P lan t s  which have surv ived  



w i t h i n  t h e  f i e l d  can i n  no way be cons idered  a  n a t u r a l  " f l o r a , "  and some a r e  

viewed as pes t s .  However, t h e  presence o f  these spec ies on a  " v o l u n t e e r "  

bas is  may serve  as a  gu ide  t o  f u t u r e  a t tempts  t o  f o s t e r  r e v e g e t a t i o n  o f  

p o r t i o n s  o f  t h e  h e l i o s t a t  f i e l d .  

4.8.  Shrubs 

Growth and r e p r o d u c t i o n  by shrubs were eva lua ted  a t  v a r y i n g  d i s t ances  

downwind o f  t h e  he1 i o s t a t  f i e l d  d u r i n g  1980 and 1981 . S i x  p l o t s  were 

l o c a t e d  100, 400 and 800 m eas t  o f  t h e  f i e l d ,  w i t h  two p l o t s  a t  each 

d i s t ance .  We worked w i t h  t h e  t h r e e  most common shrubs i n  t h e  a rea :  

creosotebush, bursage and s a l  tbush. 

The performance o f  shrubs was assessed w i t h  techniques used i n  e a r l i e r  

s t u d i e s  i n  southern Nevada (Turner  and Edney 1977, Turner  and Vol lmer  1980) .  

Measurements were made t w i c e  y e a r l y - - b e f o r e  and a f t e r  t h e  growing season. 

Produc t ion  o f  f l owe rs  and f r u i t s  depends on numbers o f  nodes o r  shoot  t i p s ,  

so counts  o f  t h e  l a t t e r  were an i nd i spensab le  common denominator f o r  

comparisons between shrubs. Counts o f  r e p r o d u c t i v e  s t r u c t u r e s  were made 

a t  t imes o f  peak f l o w e r i n g  and f r u i t i n g ,  as determined by obse rva t i ons  o f  

phenology . 
Flowers o f  creosotebush a re  produced a t  young nodes near shoot  t i p s .  

Any shoot  bea r i ng  leaves was cons idered a  v i a b l e  shoot  t i p ,  and f l o w e r i n g  

and f r u i t i n g  success was eva lua ted  i n  terms o f  numbers o f  p o t e n t i a l  s i t e s .  

The i n f l o rescences  o f  bursage a r e  ex tens ions  o f  shoot  t i p s .  Counts o f  shoo t  

t i p s  g i v e  a  good i n d i c a t i o n  o f  r e p r o d u c t i v e  p o t e n t i a l  o f  a  g i ven  branch. 

F lower ing s t a l k s  grow i n d e t e r m i n a t e l y  so we es t imated  numbers o f  heads on 

s t a l k s .  We s imp ly  measured l eng ths  o f  i n f l o r e s c e n c e s  f rom f i r s t  t o  l a s t  
, , 

f lower  heads. F r u i t  p roduc t i on  was est ima' ted s i m i l a r l y ' .  Sal tbushes a r e  

d ioec ious  (i .e:, shrubs a r e  e i t h e r  male o r  f ema le ) .  M o n i t o r i n g  o f  t h i s  
. . 



species was r e s t r i c t e d  t o  mature (15+ yea rs )  female p l a n t s .  Flowers a r e  

produced on i n f l o r e s c e n c e s  growing f rom stem t i p s ,  b u t  we r e s t r i c t e d  our  

work t o  counts  o f  t h e  'conspicuous winged f r u i t s  . 

Ten shrubs o f  each species were se lec ted  i n  each p l o t .  On each s u b j e c t  

shrub f i v e  branches were tagged, and t h e  v e g e t a t i v e  growth and rep roduc t i on  
., 

assoc ia ted  w i t h  these  branches were t h e  bases fo r  comparisons. A t  t h e  

beg inn ing  o f  each growing season we measured "growth p o t e n t i a l "  v a r i a b l e s  t o  

determine whether shrubs se lec ted  f o r  s t udy  i n  d i f f e r e n t  p l o t s  had comparable 

p o t e n t i a l  f o r  growth and rep roduc t i on :  i )  numbers o f  t i p s  o r  nodes pe r  branch, 

i i )  number o f  t i p s  o r  nodes per  shoot,  and i i i )  l eng ths  o f  shoots .  As t h e  

growing seasons progressed we made f u r t h e r  counts o r  measurements r e l a t i n g  

t o  shoot  "e longa t ion ,  growth o f  new shoots,  and ,p roduc t ion  o f  f r u i t s  and 

f l o w e r s .  Exper ience i n  Nevada has shown t h a t  most o f  these v a r i a b l e s  a r e  n o t  

n o r m a l l y  d i s t r i b u t e d  l Typ i ca l  d i s t r i b u t i o n s  a r e  n e g a t i v e l y  skewed, w i t h  a  

concen t ra t i ,on  o f  va lues  a t  t'he l o w  end o f  t h e  sca le .  We made i n t e r - p l o t  

comparisons u s i n g  Fr jedman's non-parametr ic  t e s t ,  which i s  based on .rankings 

o f  observa t ions  ? n  va r i ous  p l o t s  (Sokal and R o h l f  1969).  

Appendix 6 shows se lec ted  pre-season growth v a r i a b l e s  f o r  t h r e e  k inds  

o f  shrubs i n  1980 and 1981. Data from the  p a i r s  o f  p l o t s  a t  each d i s t a n c e  

were combined so means a r e  based on measurements o f  20 shrubs. Appendix 6 a l s o  

summarizes mean.s o f  va r i ous  pre-season v a r i a b l e s  observed i n  1980 and 1981 , 

2 
and g i ves  assoc ia ted  X values based on Friedman t e s t s .  None o f  these 

val.ues showed s t a t i s  t i c a l  l y  s i  gn i  f i c a n t  d i  f f e rences  i n  prie-season s t a t e s  o f  

sh-ru bs s.61 ec ted  f o r  s tudy  . 



.. . 

Ta'bles 17 a-nd 18  show r e s u l t s  o f  measurements o f  growth and r e p r o d u c t i o n  

d u r i n g  t h e  1980 and 1981 seasons. The 1981 season was so poor t h a t  we w.ere 

n o t  a b l e  t o  make measurements o f  some r e p r o d u c t i v e  parameters.  Values o f  

p w i t h  a s t e r i s k s  a re  s t a t i . s t i c a l l y  s i g n i f i c a n t  ( *  = 5% l e v e l ,  ** = - < I %  1  eve1 ) . 
2 

I n  f o u r  cases i n  Tables 17 and 18 X values a r e  s t a t i s t i c a l l y  s i g n i f i c a n t ,  

i n d i c a t i n g  a d i f f e r e n c e  between p l o t s .  I n  a l l  f o u r  cases, ' the d i f f e r e n c e  

l i e s  i n  t h e  p l o t s  400 m downwind o f  t h e  s i t e .  Means f o r  p l o t s  c l o s e  t o  

(100 m) and remote f rom (800 m )  t h e  s i t e  were a lmost  i d e n t i c a l  : I t  i s  h i g h l y  

u n l i k e l y  t h a t  t h e  d i f f e r e n c e s  observed a t  an i n t e r m e d i a t e  d i s t a n c e  were i n  any 

way r e l a t e d  t o  c o n s t r u c t i o n  a c t i v i t i e s .  



 able 17 : ~easu remen ts  o f  v e g e t a t i v e  growth and rep roduc t i on  by t h r e e  k inds  o f  
shrubs i n  areas downwind o f  t h e  s o l a r  s i t e  i n  1980. 

Dis tances (m) . 

Species Va r i ab l  e 100 400 800 x2 E 

Ambrosia 
dumosa 

I nf  1 orescences 
p e r  shoot 

Lengths o f  
shoot. 14.2 23.9 10.5 8.44 0.01** 
i n f l o r e s c e n c e s  (mm) 

New shoots pe r  
branch 

Lengths o f  new 
shoots (mm) 

La r rea  
t r i d e n t a t a  

Nodes per  shoot  t i p  4.7 4.8 4.5 0.10 0.95 

Shoot l eng ths  
(mm 

21 8 189 ' 193 4.94 0.08 

Flowers pe r  
branch 

F r u i t s  pe r  
branch 

A t r i  p l  ex New shoots per 
p o l  ycarpa branch 

L e r ~ y l t ~ s  o f  new 
shoots  (mm) 

Reproduct i  ve 
indexes ( p e r  1.5 0.7 1.4 5.66 . 0.06 
branch)  



T a b l e '  18  . Measurements o f  v e g e t a t i v e  growth and rep roduc t i on  by t h r e e  k i nds  
o f  shrubs i n  areas downwind o f  t h e  s o l a r  s i t e  i n  1981. 

Distances ( m )  

Species Va r i ab le  100 '  400 800 x2 P 

Ambrosia 
dumosa 

I n f l o rescences  
per  shoot 

New shoots 
per  branch 

Lengths o f  new 
shoots (mm) 

Larrea  odes per shoot 
t r i ' den ta ta  t i p  

none none none - 

Shoot l eng ths  (mm) 67.9 58.8 67.2 6.32 0.04" 

Flowers pe r  branch 9.8 9.2 10.2 3.35 0.19 . 

F r u i t s  per  branch 4.4 4.5 5.7 1.69 0 -43 

A t r i  p l  ex New shoots per  
po lycarpa  branch 

Lengths. o f  new 
shoots. (mm) 

~ e p r o d u c t  i ve 
indexes 

n o t  measured - - 



4.9.  B i r d s  

Observat ions o f  b i r d s  w i t h i n .  t h e  p rospec t i ve  he1 i o s t a t  f i e l d  and i n  areas 

downwind o f  t h e  f i e l d  were made between September 1978 and September 1979-- 

b e f o r e  c o n s t r u c t i o n  began. L a t e r  observa t ions  were r e s t r i c t e d  t o  areas 

downwind o f  t h e  s o l a r  s i t e  u n t i l  January 1981, when a  program o f  observa t ions  

w i t h i n  t h e  h e l i o s t a t  f i e l d  was es tab l i shed .  Th is  i nc l uded  one t r a n s e c t  450 m long,  

which comp le te l y  e n c i r c l e d  t h e  innermost  r i n g  o f  h e l i o s t a t s ,  f o u r  150 m t r ansec t s  

(one i n  each quadrant  o f  t h e  f i e l d )  around t h e  outermost  r i n g  o f  h e l i o s t a t s ,  and 

f o u r  100 m t r a n s e c t s  (one i n  each quadrant )  midway between t h e  innermost  and 

outermost  r i n g  o f  h e l i o s t a t s .  Observat ions and counts  were made i n  these areas 

. i n  January, A p r i l ,  May and J u l y  ' o f  1981 . Arrangements were a l s o  made f o r  

t h e  c o l l e c t i o n  and p r e s e r v a t i o n  o f  b i r d s  found dead i n  t h e  c o n s t r u c t i o n  area 

by SCE and/or DOE employees. 

Pre-cons t r u c t i o n  obse rva t i ons  i n  1978-79 used t h e  Emlen (1  971 , 1977) 

t r a n s e c t  method t o  make d e n s i t y  es t imates  w i t h i n  t h e  p rospec t i ve  h c l i o s t a t  

f i e l d  and areas downwind o f  t h e  f i e l d .  Transects ranged from 800 t o  1600 

m i n  l e n g t h .  The observer  walked these 1  i nes  d u r i n g  t h e  2 112-3 hours a f t e r  

s u n r i s e  a t  about  1  km hr ,  r e c o r d i n g  a l l  v i s u a l  and a u d i t o r y  d e t e c t i o n s  

a l ong  each s i d e  o f  a  l i n e ,  Conver t ing  these counts  t o  es t imates  o f  d e n s i t y  

was based.on es t imates  o f  t h e  w id ths  o f  s t r i p s  i n  which d e t e c t i o n s  o f  va r ious  

spec ies cou ld  be made. Some species were de tec ted  over g r e a t e r  d i s t ances  

tha.n o t h e r s ,  Est imated s t r i p  w id ths  were 60 m f o r  most o f  ou r  spec ies:  b u t  

were as h i g h  as 120 m f o r  some types (e .g  . , Say's Phoebe, Ye1 low-rumped 

Warbler,  Savannah Sparrow), and even 500 m f o r  t h e  Western K i n g b i r d ,  For 

some species,  s t r i p  w id ths  v a r i e d  w i t h  season and amount of  v e g e t a t i v e  cover .  

No s t r i p  w id ths  were es t imated  f o r  wide-ranging spec ies ( e  .g., f a l con i f o rms ,  



ravens) ,  and d e n s i t i e s  o f  these  spec ies were n o t  es t imated .  Other h a b i t a t s  

i n  t h e  v i c i n i t y  o f  t h e  s o l a r  s i t e  were inspec ted  and s imp le  l i s t s  o f  b i r d s  

observed were ma in ta ined .  Such obse rva t i ons  were made i n  a d j o i n i n g  

a l f a l f a  f i e l d s ,  a long  tamar isk  windbreaks, and i n  t h e  v i c i n i t y  o f  evapo ra t i on  

ponds. 

P re - cons t ruc t i on  observa t ions  o f  b i r d s  were descr ibed  e a r l  i e r  (Turner  

1979).  More t han  80 k inds  o f  b i r d s  were observed d u r i n g  1978 and 1979. 

Subsequent obse rva t i ons  inc reased  t h e  1  i s t  o f  spec ies t o  108, w i t h  70 

o f  these seen i n  t h e  v i c i n i t y  o f  evapo ra t i ng  ponds. Here, wa te r fow l  were 

predominant i n  w i n t e r  w h i l e  shoreb i rds  were common i n  f a l l  and s p r i n g .  The 

Horned Lark  (Eremophi la a l p e s t r i s )  was t h e  most common spec ies i n  t h e  

p rospec t i ve  he1 i o s t a t  f i e 1  d, a1 though i t s  impor tance d im in i shed  d u r i n g  

w i n t e r  when m ig ran t  sparrows predominated 

Table  19 summarizes p r e - c o n s t r u c t i o n  observa t ions  o f  b i r d s  w i t h i n  t h e  

p r o s p e c t i v e  h e l i o s t a t  f i e l d  and a l s o  g i ves  counts  o f  b i r d s  seen t h e r e  

d u r i n g  t h e  f i r s t  h a l f  o f  1981 - -a f t e r  most o f  t h e  h e l i o s t a t  pedes ta ls  

and some o f  t h e  h e l i o s t a t s  were i n  p lace ,  The p o s t - c o n s t r u c t i o n  fauna was 

o b v i o u s l y  d im in ished- -bo th  i n  terms o f  spec ies  r i chness  and d i v e r s i t y .  

Most o f .  t h e  Horned Larks were observed on t h e  ground, and most were i n  

t h e  nor thwes t  quadrant o f  t h e  f i e l d .  Th i s  was appa ren t l y  owing t o  t h e  

p r o x i m i t y  o f  an a l f a l f a  f i e l d .  A l l  spec ies except  t h e  Horned Lark ,  t h e  

American K e s t r e l  and t h e  Mountain B l u e b i r d  were observed above pedes ta l  

height: Swal luws d r ~ d  R ~ v ~ I I ~  Ted oi. hunted o v e r  t h e  f i e l d ,  whereas 

b l a c k b i r d s  were seen f l y i n g  between f eed ing  and r o o s t i n g  areas,  No b i r d s  

were observed on pedes ta ls ,  he1 i o s t a t s ,  o r  around t h e  pe r i phe ry  o f  t h e  

co re  a r m .  B i r d s .  w i t h i n  t h e  h e l i o s t a t  f i e l d  d i s p l a y e d  normal behav io r  and 



Tab le  19  . B i r d s  observed i n  p rospec t i ve  h e l i o s t a t  f i e l d  (September 1978, Jan- 
uary,  March and Flay 1979) and a f t z r  i n s t a l l a t i o n  o f  some h e l i o s t a t s  i n  
1981 . Pre -cons t ruc t i on  da ta  reco rd  presence o f  species (+)  o r  a  
range o f  es t imated  d e n s i t i e s  (n-km-') i f  species was observed a t  
d i f f e r e n t  t imes .  Pos t - cons t ruc t i on  da ta  g i v e  numbers o f  b i r d s  
seen d u r i n g  s i x  (January ) ,  f o u r  ( A p r i l  ) ,  t e n  (May) and f i v e  ( J u l y )  
coun t i ng  pe r i ods .  Dashes i n d i c a t e  t h a t  species were n o t  observed. 

Species September 1  978-. 1  981 
May 1979 Jan A P ~  May Ju1.y 

Turkey V u l t u r e  

Marsh Hawk 

Amer i can Kes t r e l  

P r a i r i e  Fa lcon 

K i  11 deer 

Bur row ing  Owl 

Western K i n g b i r d  

Say's Phoebe 

Horned Lark  

Rough-winged Swallow 

Barn  Swallow 

C l  i f f  Swallow 

Common Raven 

Loggerhead S h r i k e  

Yellow-rumped Warbler 

Mountain B l u e b i r d  

Western Meadowlark 

S t a r 1  i n g  

Red-winged B l a c k b i r d  

Brewer 's  B l a c k b i r d  

Savannah Sparrow 

La rk  Sparrow 

Whi te-crowned Sparrow 

Song Sparrow 



o n l y  one dead b i r d  was found. A Sayt.s Phoebe (Sayorn is  saya) was found 

dead a t  t h e  base o f  a  b u i l d i n g  i n  l a t e  March 1981. 

Between September 1978 and May 1981 d e n s i t i e s  o f  b i r d s  were es t imated  

from t r a n s e c t  da ta  i n  an area 300-600 m  downwind o f  t h e  eas te rn  edge o f  

t h e  he1 i o s t a t  f i e l d .  Appendix 7  summarizes these es t imates ,  t oge the r  

w i t h  i n d i c a t i o n s  o f  t h e  presence o f  some spec ies whose d e n s i t i e s  were 

n o t  es t imated . '  Our p r i n c i p a l  concern, however, i s  w i t h  t i m e  changes i n  

numbers o f  Horned Larks i n  t h i s  area and t h e i r  comparisons w i t h  numbers 

i n  o t h e r  areas f a r t h e r  f rom t h e  h e l i o s t a t  f i e l d .  Table 20 summarizes 

es t imates  o f  d e n s i t i e s  o f  Horned Larks i n  t h e  p l o t  300-600 m eas t  o f  t h e  

f i e l d  and i n  t h r e e  o t h e r  areas i n  which. t r a n s e c t  counts  were made. 

-2 . Table 20 Est imates o f  d e n s i t i e s  (,n.km ), o f  Horned Larks downwind o f  
t h e  s o l a r .  s i t e  between September 1978 and May 1981. Dashes i n d i c a t e  t h a t  
no observa t ions  were made i ,n areas.  

Dates Dis tances ,downwind (m) f rom eas te rn  edge' o f  f i e 1  d .  
50 . 300 - 600 1900 - 2200 41 00 , -  4450 

Sept 1978 

Jan 1979 

' March 

May 

Sept 

Jan 1980 

A P ~  

Ma Y 

Sept 

Jan 1981 

. Apr 

May 



We i n i t i a l l y  e s t a b l i s h e d  a  c o n t r o l  area between 1 . 9  and' 2;2 km. eas t  o f  t h e  

f i e l d ,  b u t  l a t e r  moved t o  another  area ('4.1 - 4.5 km eas t  o f  t h e  f i e l d )  

because i t  was more comparable t o  t h e  c l o s e - i n  s i t e .  Gi'ven t h e  m o b i l i t y  

o f  b i r d s ,  abou t  a l l  t h a t  can be s a i d  o f  ' t he  sampl i n g  da ta  between January 

1980 and May 1981 i s  t h a t  t h e r e  were no obv ious i n d i c a t i o n s  o f  e f f e c t s  o f  

c o n s t r u c t i o n  on l a r k s  300-600 m  eas t  o f  t h e  edge 0.f t h e  f t e l d .  Est imated 

d e n s i t i e s  i n  t h i s  a rea  were g e n e r a l l y  h i .gher '  than  those observed f a r t h e r  

e a s t  (excep t  i n  A p r i l  1980) .  La rks  were p resen t  i n  t h e  easternmost area 

i n  January 1981, b u t  were o n l y  seen i n  f l i g h t  ove r  t h e  p l o t .  The h i ghe r  

d e n s i t y  i n  t h e  300.-600 m  area . i n  May 1981 was due . t o  t h e  p r o x i m i t y  o f  a  

r e c e n t l y  mowed a1 f a1  f a  f i e l d ;  

4.10 Rodents 

Small r oden t s  were t rapped  b o t h  on t h e  p rospec t i ve  h e l i o s t a t  f i e l d  and i n  

areas dawnwind o f  t h e  f i e l d  between September 1978 and J u l y  1979 b e f o r e  

c o n s t r u c t i o n  began (Tu rne r  1979: 43 e t  seq. ) .  Mammals occupy ing t h e  s o l a r  

s i t e  were t y p i c a l  o f  t h e  no r t he rn  Mojave Deser t :  coyotes,  k i t  foxes,  

j a c k r a b b i t s ,  c o t t o n t a i l s ,  pocket  gophers, kangaroo r a t s ,  pocket  mice, deer  

mice, grasshopper mice, t h r e e  k i nds  o f  ground s q u i r r e l s  and va r i ous  b a t s .  

Beg inn ing  i n  October 1979 we focused on two areas e a s t  o f  t h e  

h e l i o s t a t  f i e l d :  P l o t  21 was abou t  150 m  eas t  o f  t h e  eas te rn  edge o f  t h e  

f i e l d ;  P l o t  22 was abou t  600 m e a s t  o f  t h e  f i e l d .  Each o f  these g r i d s  

was composed o f  100 t r a p p i n g  s t a t i o n s  a r ranged  i n  a  10 x  10  15-rn g r i d .  We 

used two Sherman-type l i v e  t r a p s  per  s t a t i o n  and one Tomahawk l i v e  t r a p  

f o r  ground s q u i r r e l s .  A l l  t h r e e  t r a p s  were used a t  n i g h t  and t h e  Tomahawk 

t r a p s  d u r i n g  t h e  day. Rodents cap tu red  were weighed, marked by t o e - c l i p p i n g ,  



and re leased .  A f t e r  f i v e  n i g h t s  o f  t r a p p i n g  most o f  t h e  an imals  cap tu red  

were marked. Traps were then  s h i f t e d  t o  assessment 1  i nes  and operated f o r  

f o u r  n i g h t s .  Assessment l i n e s  extended beyond t h e  boundar ies o f  t h e  t r a p  

g r i d s ,  and cap tu res  o f  r oden t s  a l ong  these 1  i n e s  were used t o  es t ima te  t h e  

a c t u a l  area t rapped by t h e  10 x  10 g r i d s .  Trapping records  p e r t a i n i n g  t o  

f o u r  sex-age groups o f  each .spec ies were analyzed sepa ra te l y ,  t o  y i e l d  

d e n s i t y  es t imates  f o r  each group. These components were summed t o  p r o v i d e  

' . an es t ima te  o f  t h e  t o t a l  p o p u l a t i o n .  The method o f  ana l yz i ng  cap tu re -  

r ecap tu re  da ta  has been descr ibed  by 0 '  F a r r e l l  e t  a1 . ( 1  977).  L i v e  

weights  o f  roden ts  were determined i n  t h e  f i e l d  u s i n g  a  Pesola s p r i n g  ba lance.  

Table  21 summarizes es t imates  o f  d e n s i t y  o f  kangaroo r a t s  (Dipodomys 

merr iami  ) and ground s q u i r r e l s  (Spermophi l u s  t e r e t i c a u d u s )  i n  t h e  two areas 

between September 1978 and J u l y  1901 . Ground s q u i r r e l s  were n o t  a c t i v e  

d u r i n g  t h e  w i n t e r  months, and o n l y  one i n d i v i d u a l  was t rapped  i n  October 1979. 

Table 21. Est imated d e n s i t i e s  ( n - h a - ' ) o f  kangaroo r a t s  and ground s q u i r r e l s  
i n  two p l o t s  downwind o f  t h e  s o l a r  s i t e ,  1979-1981. 

Dates Kangaroo r a t s  Ground s q u i r r e l s  
P l o t  21 P l o t  22 P l o t  21 P l o t  22 

Sept 1978 

Jan 1979 

May 

J u l y  

October 

Jan 1  980 

A p r i  1 

Ju 1  y  

Sept 

Apr 1981 

J u l y  



Time t rends i n  appa,rent numbers o f  ground s q u i r r e l s .  i n  t h e  two areas were 

a lmos t  i d e n t i c a l ,  g i v i n g  no reason t o  suspect  t h a t  t h e  general  s t a t u s  o f  

t h e  more prox imal  p o p u l a t i o n  was d e l e t e r i o u s l y  a f f e c t e d .  The s i g n i f i c a n c e  

o f  t h e  kangaroo r a t  da ta  a r e  1  ess c l e a r ,  a1 though i t  i s  immediate ly  obvious 

t h a t  numbers o f  Dipodomys i n  t h e  two p l o t s  decreased d r a m a t i c a l l y  d u r i n g  

t h e  34 months o f  obse rva t i on .  When es t imated  d e n s i t i e s  ( d )  - i n  t h e  two 

p l o t s  were regressed  on t i m e  (t, - i n  months) we ob ta ined  t h e  r e s u l t s  s e t  

f o r t h  i n  Tab1 e  22.  

Table 22 .  Resu l ts  o f  l i n e a r  r e g r e s s i o n  analyses o'f d e n s i t i e s  o f  kangaroo 
r a t s  i n  two p l o t s  downwind o f  t h e  s o l a r  s i t e ,  1979-1981. 

P l o t  21 P l o t  22 

Regress ion equa t i on  - d  = -1.81t - + 53.7 - d  = -1 ,49t  - + 43.3 

C o r r e l a t i o n  c o e f f i c i e n t  -0.82 -0.75 

F-va lue f o r  t e s t  o f  - 
non-zero s l ope  

Standard e r r o r  o f  
r e g r e s s i o n  c o e f f i c i e n t  

The i n t e r c e p t s  es t imated  b y  these analyses i n d i c a t e  t h a t  P l o t  21 ( c l o s e s t  

t o  t h e  he1 i o s t a t  f i e l d )  suppor ted somewhat h i ghe r  d e n s i t i e s  o f  kangaroo 

r a t s  than  P l o t  22 b e f o r e  any c o n s t r u c t i o n  began. Th is  d i f f e r e n c e  was 

f a i r l y  we l l  sus ta i ned  throughout  t h e  p e r i o d  o f  c o n s t r u c t i o n ,  a1 though i t  

was n o t  man i fes ted  i n  t h e  1981 sampl ing. The d i f f e r e n c e  i n  t h e  reg ress ion  

c o e f f i c i e n t s  ( i n d i c a t i n g  t h e  s lope  o f  t h e  d e c l i n e  i n  numbers i n  t h e  two 

p l o t s )  may be t e s t e d  by e s t i m a t i n g  t h e  s tandard e r r o r  o f  t h e  d i f f e r e n c e :  



and comparing t h e  d i f f e r e n c e  between t h e  r e g r e s s i o n  c o e f f i c i e n t s  w i t h  Q. 
- 

The va lue  o f  % i s  0.608 and t h e  d i f f e r e n c e  between t h e  r e g r e s s i o n  
- \ 

c o e f f i c i e n t s  i s  0.32 (1.81 - 1.49) .  Then 0.32/0.608 ( o r  0 .53)  i s  a  L- 

s t a t i s t i c  w i t h  a  mean o f  ze ro  and u n i t  s tandard  d e v i a t i o n .  C l e a r l y  t h e  

r e g r e s s i o n  c o e f f i c i e n t s  f i t t e d  t o  data from t h e  two p l o t s  do n o t  d i f f e r  

s i g n i f i c a n t l y .  We see, then, no evidence t h a t  numbers o f  kangaroo r a t s  

and ground s q u i r r e l s  i n  t h e  prox imal  p l o t  were adve rse l y  a f f e c t e d  by 

c o n s t r u c t i o n  a c t i v i t i e s .  The d e c l i n e  i n  numbers o f  kangaroo r a t s  i n  

P l o t  21 was matched b y  obse rva t i ons  i n  P l o t  22, and was appa ren t l y  owing 

t o  a  sequence o f  c o n d i t i o n s  un favo rab le  f o r  r e p r o d u c t i o n  and/or s u r v i v a l  

o f  young. 

Reproduct ive success o f  kangaroo r a t s  and ground s q u i r r e l s  i n  t h e  

two p l o t s  was eva lua ted  by comparing t h e  r e l a t i v e  numbers o f  j u v e n i l e s  

t rapped i n  t h e  two areas d u r i n g  J u l y  o f  1979, 1980 and 1981 (Tab le  2 3 ) .  

Nurl~bers o f  j u v e n i l e s  ,and a d u l t s  i n  P l o t s  21 .and 22 were compared b y  X 
2  

t e s t s  ( w i t h  c o r r e c t i o n s  f o r  c o n t i n u i t y ) ,   able 23 g i ves  va lues o f  X' f o r  

these comparisons. W i t h  one excep t ion ,  these  t e s t s  showed t h a t  r e l a t i v e  

numbers o f  j u v e n i l e  r oden t s  i n  t h e  two areas were i n s i g n i f i c a n t l y  d i f f e r e n t :  

I n  J u l y  1980 t h e  p r o p o r t i o n  o f  young ground s q u i r r e l s  i n  P l o t  21 was 

s i g n i f i c a n t l y  g r e a t e r  than  t h a t  observed i n  t h e  c o n t r o l  area ( P l o t  22 ) .  

There was,no evidence tha , t  r e p r o d u c t i v i t y  by  kangaroo r a t s  and ground 

s q u i r r e l s  i n  t h e  p l o t  c l o s e s t .  t o  . t h e  s o l a r  s i t e  was d e l e t e r i o u s l y  

4 i n f l uenced  by c o n s t r u c t i o n  a c t i v i t i e s .  



Table 23. Numbers o f  j u v e n i l e  and a d u l t  kangaroo r a t s  and ground s q u i r r e l s  
t rapped i n  two p l o t s  downwind o f  t h e  s o l a r  s i t e ,  1979-1981. Value o f  x $ . ~ ~  
i s  3.84. 

I 

Species Date P l o t  J u y e n i l e  Adu l t  x 

Di  podomys 
m e r r i  ami 

J u l y  1979 ' 21 

22 

, Ju l y  1980 2 1 :I 3 9 

2 2 18 2 2 
0.63 

J u l y  1981 2 1 1 16 

2 2 5 21 
1.41 

Spermophi l us J u l y  1979 21 12 18 
t e r e t l c a u d u s  

2 2 4 13 
0.68 

J u l y  1980 2 1 4 5 2 5 

2 2 15 2 3 
5.16* 

J u l y  1981 21 2 19 

2 2 1 10 
0 

Table 24 g i ves  mean 1 i v e  we igh ts  f o r  a d u l t  male and female kangaroo 

r a t s  i n  t he  two p logs  between September 1978 and J u l y  1981 . These da ta  

show a s l i g h t  d i f f e r e n c e  between t h e  sexes and peek body weights  d u r i n g  t h e  

sp r i ng ,  (see a l s o  Turner and Chew 1981, p.  219), b u t  g i v e  no i n d i c a t i o n  o f  

any d i f f e r e n c e s  between t h e  p l o t s .  



Table 24. Mean 1 i v e  we igh ts  ( g )  o f  a d u l t  kangaroo r a t s  occupy ing two 
p l o t s  downwind o f  t h e  s o l a r  s i t e  between September 1978 and J u l y  1981. 

. . 

Dates P l o t  21 P l o t  22 
ma1 es femal es ma1 es females 

Sept  1978 39.0 37.0 

Jan'  1979 37.0 35.0 

March 44.0 41 .3 

Jan 1980 

A P ~  

J u l y  

Sept  

Apr 1981 40.3 36.7 

J u l y  38.3 ' 36.3 

O v e r a l l  means 38.4 36.4 

4.11. R e p t i l e s  

The f o l l o w i n g  k i n d s  o f  r e p t i l e s  were observed i n  t h e  v i c i n i t y  o f  t h e  

s o l a r  s i t e :  g r i d i r o n - t a i l e d  l i z a r d s ,  wes te rn  w h i p t a i l e d  l i z a r d s ,  l e o p a r d  

1 i z a r d s ,  d e s e r t  iguanas, horned 1 i z a r d s ,  l o n g - t a i l  ed brush 1 i z a r d s ,  g lossy  

snakes, s idew inders ,  r e d  racers ,  b u l l  snakes, long-nosed snakes, and t h e  

d e s e r t  t o r t o i s e .  

L i z a r d s  were counted .a long l i n e s  , ac ross  t h e  p r o s p e c t i v e  m i r r o r  f i e l d  

and i n ' a r e a s  downwind o ' f  t h e  f i e l d  i n  t h e  s p r i n g  and summer o f  1979 
. . 

b e f o r e  c o n s t r u c t i o n  began (Turner  ' 1  979: p .  47 e t  seq.)  . . I n  th,e s p r i n g  

o f  1980 we made c0unt.s o f  1 i zards a l o n g  th ree ,  800 m n o r t h - s o u t h  1 i nes 
. . 



downwind of  t h e  h e l i o s t a t  f i e l d :  L i n e  20 (50 m eas t  o f  t h e  f i e l d ) ,  

L i n e  31 (360 m e a s t )  and L i n e  32 (610 m e a s t ) .  L ines were walked i n  t h e  

morning, u s u a l l y  between 0700 and 1200--the normal p e r i o d  o f  peak a c t i v i t y  

o f  l i z a r d s  occupying t h e  area.  

The two most abundant species were g r i d i r o n - t a i l e d  1 i z a r d s  ( C a l l  i sau rus  

draconoides)  and whi p t a i  1  ed 1 i z a r d s  (Cnemidophorus t i g r i s )  , and we r e p o r t  

observa t ions  o f  these spec ies .  Turner (1  979: p. 48) showed t h a t  t he  

apparent  i nc i dence  o f  C a l l i s a u r u s  was about  t h e  same between e a r l y  May 

and l a t e  Ju l y ,  w i t h  no evidence o f  a  seasonal e f f e c t  on counts .  Counts 

o f  Cnemidophorus, however, were h i g h e s t  e a r l y  i n  t h e  season and d im in ished  

s i g n i f i c a n t l y  towards t h e  end o f  J u l y .  

Table 25 g i ves  mean numbers o f  these two species counted on t h r e e  

l i n e s  i n  1979 ( p r i o r  t o  c o n s t r u c t i o n  a c t i v i t i e s )  and i n  1980 and 1981. 

Table 25. Mean numbers o f  l i z a r d s  counted ( p e r  wa lk )  a long  800 m l i n e s  
downwind o f  t h e  s o l a r  s i t e ,  1979-1 981 . To ta l  1  i z a r d s  counted a r e  g i ven  
i n  parentheses. 

-- - -- -- 

Species Year L i n e  20 L i ne  31 L i n e  32 

C a l l i s a u r u s  1979 1.40 (105) 1.25 (96 )  0.94 (72)  
draconoi  des 

1980 0.34 (26)  0.18 (14)  0.40 (31)  

1981 0.02 ( 1 )  0.05 ( 3 )  0.28 (18)  

Cnemidoghorus 1979 1 .35  (101 )  1 .79 (1  38)  1 .79  (138 )  
t i g r i s  

1980 2.74 (211)  1.40 (108)  1.16 (89)  



The genera l  p o i n t s  t o  emphasize here. a r e  i )  t h e  dec l  i n e  i n  apparent  

abundance o f  C a l l i s a u r u s  on a l l  1  i nes  between 1979 and 1981, and i i )  t h e  

conspicuous ly  g r e a t e r  abundance o f  Cnemidophorus a l ong  L i n e  20 i n  t h e  s p r i n g  

o f  1980. Because t h e  means i n  Table 25 a r e  based on counts  made d u r i n g  

t h e  e n t i r e  season, we p resen t  some o f  t h e  coun t i ng  da ta  p e r t a i n i n g  t o  

these  spec ies i n  g r e a t e r  d e t a i l  i n  Tables 26 and 2 7 .  There i s  no ques t i on  

as t o  t h e  r e a l i t y  o f  t h e  d e c l i n e  i n  apparent  abundance o f  g r i d i r o n - t a i l e d  

l i z a r d s  between 1979 and 1981, f o r  t h i s  was observed i n  o t h e r  p a r t s  o f  

t h e  Barstow r e g i o n  as w e l l .  For our  purposes i t  i s  more impo r tan t  t o  

cons ide r  p o s s i b l e  d i f f e r e n c e s  between 1  i n e s ,  Table  26 shows t h a t ,  i n  

genera l ,  1979 counts o f  these l i z a r d s  d i d  n o t  d i f f e r  as a  f u n c t i o n  o f  

d i s t a n c e  f rom t h e  p rospec t i ve  h e l i o s t a t  f i e l d  ( a l t hough  t h e  J u l y  counts  a l ong  

Table 26.  Mean counts  ( +  one s tandard e r r o r )  o f  g r i d i r o n - t a i  l e d  1 i z a r d s  
a l ong  t h r e e  l i n e s  downwizd o f  t h e  s o l a r  s i t e  d u r i n g  June and J u l y  1979, 
1  980 and 1981 . 

Count ing pe r i ods  
2 0  

L ines  
31 

June 12 - 16, 1979 
June 9  - 11, 1980 
June 8  - 10, 1981 
June 19 - 28, 1979 
June 16 - 18, 1980 
June 23 - 25, 1980 
June 15 - 17, 1981 
June 22 - 24, 1981 
J u l y  9  - 14, 1979 
June 30 - J u l y  2, 

1980 
J u l y  7  - 9, 1980 
June 29 - J u l y  1, 

1981 

' s i g n i f i c a n t l y  l e s s .  than  L ine  31 

2 s i g n i f i c a n t l y  than  L i n e  20 



L i n e  32 were l owe r  t han  those a l ong  L i n e  31 ) .  The s i t u a t i o n  was g e n e r a l l y  

unchanged i n  1980, except  t h a t  t h e  J u l y  counts  a l ong  L i ne  32 were h i ghe r  

t han  those  a l o n g  L i n e  20. I t  i s  ha rder  t o  judge t h e  1981 observa t ions  

because counts  were so low a long  a l l  l i n e s ,  b u t  t h e  v i r t u a l  absence o f  

these  l i z a r d s  a l o n g  L i n e  20 i s  wor thy  o f  note,  p a r t i c u l a r l y  s i nce  t h e  

r e d u c t i o n  i n  numbers was n o t  so d r a s t i c  a l ong  L i n e  32. 

I'able 2 /  shows a  genera l  s l r n i l a r l t y  o f  counts  o f  w h i p t d i l e d  1 i z d r d s  

a l ong  l i n e s  i n  1979, except  t h a t  counts  i n  e a r l y  June were s i g n i f i c a n t l y  l e s s  

a l ong  L i n e  20 than  on L i nes  39 and 32. The r e a l l y  d i s t i n c t  d i f f e r e n c e s  

r e f l e c t e d .  i n  TaMe  27 a r e  t h e  coun ts  o f  w h i p t a i l e d  1  i z a r d s  on L i n e  20 d u r i n g  

Tab le  27. Mean counts  ( +  one s t a n d a r d ' e r r o r )  o f  w h i p t a i l e d  l i z a r d s  
a l ong  t h r e e  l i n e s  downwi.nJ o f  t h e  s o l a r  s i t e  d u r i n g  June and J u l y  1979, 
1 980 and 1  981 . 

Count ing pe r i ods  L ines  
3  1  

June 12 - 16, 19.79 
June 9  - 11, 198Q 
June 8  - 10, 1981 
June 19 - 28, 1.979 
June 16 - 18, 1980' 
June 23 - 25, 1981 
June 1 5  - 17, 1981 
June 22 - 24, i 9 8 i  
J u l y  9  - 14, 1979 
June 30 - J u l y  2, 

1  980. 
J u l y  7  - 9, 1980 
June 29 - J u l y  1, 

1  9.81 

' , i gn i f i can t l y  l e s s  t han  L ines 31 and 32 

' s i g n i f i c a n t l y  g r e a t e r  t han  L ines  31- and 32 

3 s i g n i f i c a n t l y  g r e a t e r  than  L i ne  32 



t h e  summer o f  1980. The c o n t r a s t  between 1 i nes  i n  1980 i s  heightened by t h e  

f a c t  t h a t  t h e  1981 counts  d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  

We b e l i e v e  t h a t  c o n s t r u c t i o n  a c t i v i t i e s  i n  some way i n f l u e n c e d  numbers 

o f  w h i p t a i l e d  l i z a r d s  counted on L i n e  20 d u r i n g  t h e  s p r i n g  and summer o f  

1980. We can e l i m i n a t e  t h e  p o s s i b i l i t y  o f  an i nc rease  i n  numbers owing 

t o  improved r e p r o d u c t i o n  and/or s u r v i v a l  o f  l i z a r d s - - t h e  response was 

s imp ly  too  r a p i d .  There a r e  severa l  o t h e r  p o s s i b l e  exp lana t i ons :  i )  1  i z a r d s  

moved i n t o  t h e  area as a r e s u l t  o f  c l e a r i n g  and g rad ing  t h e  h e l i o s t a t  

f i e l d ,  i i )  l i z a r d s  mo'ued i n t o  t h e  area f rom areas f a r t h e r  e a s t ,  and i i i )  

d e p o s i t i o n  o f  new sand a l ong  L i n e  20 made w h i p t a i l e d  l i z a r d s  more conspicuous 

and r e a d i l y  counted. The l a s t  exp lana t i on  i s  d o u b t f u l  because, as we 

showed p rev i ous l y ,  new sand en te red  c l o s e - i n  areas d u r i n g  t h e  s p r i n g  o f  1981 

as w e l l  as 1980. 

The i dea  o f  an imals  moving o u t  o f  t h e  d i s t u r b e d  h e l i o s t a t  f i e l d  i n t o  

a d j o i n i n g  areas i s  s u p e r f i c i a l l y  a t t r a c t i v e ,  b u t  n o t  s t r o n g l y  suppor ted 

by counts o f  o t h e r  k inds  o f  1  i z a r d s .  Counts o f  d e s e r t  iguan,as i n  1980 were 

conspicuous ly  h i ghe r  a l o n g  L i n e  20 than  i n  1979, b u t  so were counts  a l ong  

L ines 31 and 32. On t h e  o t h e r  hand, counts  o f  g r i d i r o n - t a i l e d  l i z a r d s  

and horned 1  i zards dec l  i n e d  a l ong  - a1 1  1  i nes  between 1979 and 1981 . 
Rodent t r a p p i n g  d u r i n g  t h e  s p r i n g  o f  1980 gave no evidence o f  i nc reased  

numbers i n  t h e  p l o t  c l o s e s t  t o  t he  h e l i o s t a t  f i e l d ,  b u t  we must r e c a l l  t h a t  

t h i s  p l o t  was about 300 m e a s t  o f  t h e  f i e l d ,  w h i l e  L i n e  20 was o n l y  50 m 

downwind. It i s  a l s o  impo r tan t  t o  bear i n  mind t h a t  when c l e a r i n g  'and 

g rad ing  began i n  t h e  f a l l  o f  1979, a d u l t  w h i p t a i l e d  l i z a r d s  were dormant 

and underground. There i s  no way o f  knowing how w e l l  these animals s u r v i v e d  

e a r l y  cons t ruc t i , hn  ope ra t i ons  i n  t h e  he1 i o s t a t ,  f i e l d .  I t  i s .  p o s s i h l e  t h a t  



some o f  these  l i z a r d s  su r v i ved ,  emerged i n  t h e  s p r i n g  o f  1980, and q u i c k l y  

moved o f f  t h e  open s u r f a c e  o f  t h e  f i e l d  i n t o  l e s s  d i s t u r b e d  environments.  

.We can n e i t h e r  p rove  nor  r e f u t e  t h i s  premise. We cons ider  i t  very  u n l i k e l y  

t h a t  wh i .p ta i led  l i z a r d s  moved i n t o  areas a l ong  L i ne  20 f rom l o c a l e s  

f a r t h e r  eas t  (downwind) o f  t h e  he1 i o s t a t  f i e l d ,  bu t  aga in  we cannot 

d j s p r o v e  t h i s  p o s s i b i l i t y .  

4.12. S e n s i t i v e  spec ies  

The genera l  area o f  t h e  Barstow STPS was surveyed i n  197'2 i n  connec t ion  

w i t h  t h e  p e r m i t t i n g  process f o r  t h e  Cool Water Combined Cyc le  P r o j e c t ,  and 

t h e  s i t e  o f  S o l a r  I was examined i n  A p r i l  1977 (Env i ronmenta l  Improvement 

Agency 1977).  These surveys r e p o r t e d  no r a r e  o r  endangered spec ies o f  

p l a n t s  o r  an imals  on t h e  s i t e .  A f u l l e r  and more r e c e n t  d i s c u s s i o n  o f  

t h i s  aspec t  o f  t h e  genera l  area o f  ' the s o l a r  s i t e  has been developed f o r  

t h e  SCE Coal G a s i f i c a t i o n  Demonstrat ion P r o j e c t  t o  be cons t ruc ted  sou th  

o f  S o l a r  I. Severa l  s e n s i t i v e  spec ies o f  p l a n t s  and an imals  a r e  1  i s t e d  as 

p o s s i b l e  i n h a b i t a n t s  o f  t h e  a rea .  The C a l i f o r n i a  N a t i v e  P l a n t  S o c i e t y  

has proposed a  c l a s s i f i c a t i o n  o f  " r a r e "  f o r  Dalea arborescens, L inanthus 

a r e n i c o l a  and As t raga lus  j aege r i nus ,  and a  s t a t u s  o f  "endangered" f o r  -- 

E r i o p h y l  lum mohavensis. The U. S .  Department o f  I n t e r i o r  has proposed 

Chor izan the  sp inosa  and S a l v i a  co lumbar iae z i e g l  e r i  as " r a r e . "  O f  these 

p l a n t s ,  we have observed o n l y  L inan thus  a r e n i c o l a  i n  s t udy  p l o t s  e a s t  o f  

t h e  s o l a r  s i t e .  We have, however, i d e n t i f i e d  i n  our  s tudy  areas another  

spec ies- -Mui l  ...-- l a  ----. coronata- -which - . i s  c l a s s i f i e d  as " r a r e "  by t h e  C a l i f o r n i a  

N a t i v e  P l a n t  S o c i e t y .  Th i s  spec ies i s  n o t  l i s t e d  f e d e r a l l y .  



Four f u l l y  p ro tec ted  spec ies o f  v e r t e b r a t e s  e i t h e r  occur ,  o r  may occur ,  

near t h e  So la r  I s i t e .  The dese r t  t o r t o i s e  (Gopherus a g a s s i z i i )  i s  under 

c o n s i d e r a t i o n  f o r  f ede ra l  1  i s t i n g  as th rea tened  i n  C a l i f o r n i a  . T o r t o i s e s  

have been observed by DOE and SCE employees i n  t h e  v i c i n i t y  o f  t h e  STPS, 

and we recorded one t o r t o i s e  about  800 m eas t  o f  t h e  s i t e .  Th i s  

s p e c i e s , i s  appa ren t l y  n o t  common i n  t h e  area,  b u t  does occur  t h e r e .  The 

P r a i r i e  Falcon (Fa lco mexicanus) and Golden Eagle (Aqu i l a  ch rysae tos )  

occur  around . the s i t e  and " . . . a re  known t o  n e s t  w i t h i n  e i g h t  m i l e s  o f  t h e  

. . .area," accord ing  t o  comments i n  t h e  d r a f t  v e r s i o n  o f  t h e  G a s i f i c a t i o n  

Demonstrat ion P r o j e c t  Environmental  Impact Repor t .  

The most i n t e r e s t i n g  problem i n v o l v i n g  s e n s i t i v e  spec ies i s  t h a t  o f  

t h e  s t a t u s  u f  t h e  ground s q u i r r e l s  (Spermophi lus spp.) occupy ing t h e  area 

downwind o f  t h e  s o l a r  s i t e .  Two c l o s e l y  r e l a t e d  spec ies (5. t e r e t i c a u d u s  

and - S. mojavens is)  occur  i n  t h e  no r t hwes te rn . co rne r  o f  t h e  Mojave Deser t .  

The l a t t e r  spec ies,  t h e  Mojave ground s q u i r r e l ,  i s  c l a s s i f i e d  as "Rare" 

by t h e  C a l i f o r n i a  Department o f  F i s h  and Game (Hoyt  1972, Wessman 1977) .  

The ground squirre1.s i n  t h e  v i c i n i t y  o f  S o l a r  One have, a t  va r i ous  t imes  

i n  t h e  pas t ,  been i d e n t i f i e d  as bo th  spec ies .  ' I n  t h e  course o f  o u r  work 

we t rapped  ground s q u i r r e l s  which could.  n o t  be d e f i n i t e l y  i d e n t i f i e d .  

We suppor ted a  s p e c i a l  s tudy  by David Hafner  d u r i n g  t h e  summer o f  1981 t o  

r e s o l v e  t h i s  i ssue ,  and H a f n e r ' s  f i n d i n g s  w i l l  be r e p o r t e d  sepa ra te l y .  

The genera l  na tu re  o f  Ha fne r ' s  conc lus ions  a r e  as f o l l o w s  : i )  on t h e  b a s i s  

o f  conven t iona l  morpho log ica l  c r i t e r i a  morphs o f  b o t h  spec ies o f  ground 

s q u i r r e l s  occupy t h e  area downwind of  t h e  s n l a r  s i t e ,  i i )  t h e  - S .  mojavens is  

morphs were t rapped i n  areas w i t h  g r a v e l l y  s o i l s ,  t h e  - S. t e r e t i c a u d u s  

morphs were t rapped  i n  more sandy areas--a d i s t i n c t . i o n  which has heen 



t y p i c a l l y  t r u e  o f  p a s t  exper ience;  i . i i )  a l l .  ground s q u i r r e l s  downwind o f  t h e  

s o l a r  s i t e  have chromosome numbers o f  36, and chromosome morphologies 

were i d e n t i c a l ,  i v )  on t h e  bas i s  o f  k a r y o t y p i c  da ta  ( i  .e. ,  chromosome 

counts  and morphology)  t h e  s q u i r r e l  s shou ld ,  be cons idered - S . t e r e t i c a u d u s  . 
. . 



5. Discuss ion  

I f  i t  i s  g e n e r a l l y  acknowledged t h a t  s o l a r  power p l a n t s  a r e  

e c o l o g i c a l l y  " beni gn"', why i s  i t necessary  . t o  conduct any s o r t  o f  

env i ronmenta l  m o n i t o r i n g  progra'm a t  S o l a r  One? The answer t o  t h i s  

ques t i on  i s  p a r t l y  based on p u b l i c  pe rcep t i ons  o f  " s o l a r  energy",  whi.ch 

a r e  g e n e r a l l y  r ? l a t e d  t o  sma l l  d i spersed  systems r a t h e r  than  t o  l a r g e  

c e n t r a l  r e c e i v e r -  t ype  power p l a n t s  . More i m p o r t a n t l y ,  p r o v i s i o n s  o f  t h e  

Na t i ona l  Environmental  P o l i c y  Ac t  s t r o n g l y  i m p l y  the.  need f o r  assessments 

ex tend ing  beyond t h e  stages o f  i n i t i a l  p r o j e c t  p l a n n i n g  (Counc i l  o f  

Environmental  Qua1 i t y  1978) .  There i s  n o t h i n g  more d e s t r u c t i v e  t o  an 

emerging techno logy  than  t h e  p o s t  f a c t o  d i scove ry  o f  unforeseen env i  ron -  

menta l  problems. 

Our obse rva t i ons  d u r i n g  c o n s t r u c t i o n  o f  S o l a r  One a r e  r e a s s u r i n g  

i n  t h a t  o f f - f i e 1  d  env i ronmenta l  e f f e c t s  were appa ren t l y  h i g h l y  l o c a l i z e d .  

Wind relnoval o f  l .oose sand f rom t h e  c l e a r e d  h e l i o s t a t  f i e l d  and ensuing 

i n d i r e c t  e f f e c t s  on some spec ies  o f  p l a n t s  and an imals  occupy ing c l o s e - i n  

areas were t h e  o n l y  impacts i d e n t i f i e d .  

How e f f e c t i v e ,  i n  r e t r o s p e c t ,  was t h e  env i  ronmental  moni t o r i  ng 

program d u r i n g  c o n s t r u c t i o n  o f  S o l a r  One? F i r s t  o f  a l l ,  we c o u l d  have 

p laced  o u r  s t u d y  p l o t s  more s t r a t e g i c a l l y .  Judging from ou'r f i n d i n g s ,  

observa t ions  shou ld  have been concen t ra ted  i n  an area l y i n g  i n  an a r c  

100-200 m  downwind o f  t h e  eas te rn  edge o f  t h e  h e l i o s t a t  f i e l d .  None o f  

o u r  obse rva t i ons  i n d i c a t e d  e f f e c t s  a t  g r e a t e r  d is tances .  ble p o i n t  ou t ,  

however, two b e a r i n g  on t h e  s i t i n g  o f  these  areas:  i) some ' . 

u n c e r t a i n t y  as t o  where, e x a c t l y ,  t h e  eas te rn  edge o f  t h e  f i e l d  would 1  i k ;  

and i i )  t h e  l a c k  o f  any precedents upon which . t o  base t h e  p o s i t i o n s  o f  

c l o s e - i n  and remote p l o t s .  The d i s t r i b u t i o n  o f  e f f o r t  i n  o n - f i e l d  and 



o f f - f i e l d  areas was, i n  o u r  view, a p p r o p r i a t e  f o r  t h e  p e r i o d  o f  obse rva t i on  

i nvo l ved .  Had work con t inued  i n t o  t e s t i n g  and ope ra t i ona l  phases, o u r  

planned programs o f  b i r d  work and documentat ion o f  r eco lon i . za t i on  o f  t he  

he1 i o s t a t  f i e l d  would have matured. Our measurements o f  m i  crometeoro log i  ca l  

v a r i a b l e s  c l e a r l y  emphasized t h e  need f o r  automated systems--and such 

c a p a c i t y  was developed d u r i n g  t h e  l a s t  9  months o f  obse rva t i ons .  We would 

not, 'g iven ano ther  o p p o r t u n i t y  o f  t h i s  na tu re ,  make observa t ions  o f  l a r g e  

woody pe renn ia l s .  Our observa t ions  a t  Barstow, coupled w i  t h  e a r l  i e r  exper ience 

i n  Jackass F l a t s ,  Nevada (Turner  and Edney 1977, Turner and Vol lmer 1980), 

i n d i c a t e  t h a t  meas.urements o f  t h e  s o r t  we made a re  s e n s i t i v e  o n l y  t o  major  

d i f f e r e n c e s  i n  .regimens o f  r a i n f a l l  , and p o s s i b l y  temperature.  Given a  

program o f ,  say, 5-10 years  du ra t i on ,  t h e  measurements we made migh t  i n d i c a t e  

s t a t i s t i c a l l y  s i g n i f i c a n t  responses. I n  t h e  s h o r t e r  term, we would o n l y  be 

a b l e  t o  measure r e a c t i o n s  t o  ve ry  d r a s t i c  d is tu rbances .  We a l s o  b e l i e v e  t h a t  

observa t ions  o f  b i r d s  i n  o f f - f i e l d  s i t u a t i o n s  a r e  u n l i k e l y  t o  he i n s t r u c t i v e .  

Because .b i rds  a r e  so m o b i l e  i t  i s  . d i f f i c u l t  t o  f i n d  areas o f  p o t e n t i a l  impact 

and s i m i l a r  c o n t r o l  areas where changes i n  apparent  abundance o f  i n d i c a t o r  

speci-es can be c o n f i d e n t l y  i n t e r p r e t e d .  Based on exper ience a t  Barstow, annual 

p l a n t s ,  roden ts  and r e p t i l e s  emerged as t h e  most s u i t a b l e  animal groups. A 

c a r e f u l l y  l i m i t e d  a n a l y s i s  o f  s e l e c t e d  species o f  ar thropods i s  another  

p o s s i b i l i t y .  

Temperature i s ,  o f  course, one o f  t h e  most i n f l u e n t i a l  phys ica l  f a c t o r s  

which- a f f e c t s  b i o l o g i c a l  and e c o l o g i c a l  processes. These processes, mediated 

by t h e  phys i ca l  s t r u c t u r e  and behav io r  o f  organisms, i n f l u e n c e  temperatures 

o f  p l a n t s  and an ima ls .  For a t  l e a s t  one group o f  d e s e r t  perenn ia ls ,  p l a n t  

s u r f a c e  temperature d i f f e rences  o f  o n l y  0  . l O c  i n f l u e n c e d  p o p u l a t i o n  changes 



(Nobel 1980). Thus, a i r  temperature d i f f e r e n c e s  o f  t h e  n a t u r e  we observed 

2 m and 2 cm above t h e  ground a t  two s i t e s  l o c a t e d  near t h e  h e l i o s t a t  f i e l d  

cou ld  i n f l u e n c e  organism f u n c t i o n .  As p o i n t e d  o u t  e a r l  i e r ,  however, t h e  

observed temperature d i f f e r e n c e s  have n o t  been r e l a t e d  t o  h e l i o s t a t  f i e l d  

c o n s t r u c t i o n  o r  presence. 

The o v e r a l l  a r e a l  e x t e n t  o f  a i r  temperature d i f f e r e n c e s  has n o t  y e t  been  

es tab l i shed ,  so t h e  impor tanceo f  t h e  d i f f e r e n c e s  i n  terms o f  t o t a l  area 

a f fec ted  i s  p o o r l y  known. F i n a l l y ,  no a t t emp t  has been made t o  examine t h e  

c o u p l i n g  between a i r  temperature d i f f e r e n c e s  and temperatures o f  organisms 

occupy ing t h e  downwind ecosystem. When m o n i t o r i n g  was begun we expected 

t h a t  f u r t h e r  da ta  c o l l e c t i o n  d u r i n g  o p e r a t i o n  and t e s t i n g  o f  t h e  power p l a n t  

would he1 p answer these  ques t ions .  

The genera l  approach t o  b i o l o g i c a l  m o n i t o r i n g  depended on d e t e c t i o n  

o f  changes i n  t h e  s i z e  and composi t ion o f  popu la t i ons  o f  organisms. 

Hence, s u b t l e  changes i n  p h y s i o l o g i c a l  s t a t e s  o f  i n d i v i d u a l s  were n o t  

de tec ted  un less  these d is tu rbances  i n f l u e n c e d  s u r v i v a l  and/or r e p r o d u c t i o n .  

There was a l s o  t h e  r i s k  t h a t  t h e  i n d i c a t o r  spec ies were u n a f f e c t e d  

w h i l e  o t h e r  unmonitored spec ies were a f f e c t e d .  Our p l a n  assumed 

t h a t  i f  c o n s t r u c t i o n  and o p e r a t i o n  o f  t h e  f a c i  1  i ty a f f e c t e d  organisms 

beyond t h e  h e l i o s t a t  f i e l d ,  t h e  e f f ec t s  would be more consp icuous ly  expressed 

i n  areas a d j o i n i n g  t h e  f i e l d  than a t  g r e a t e r  d i s t ances .  Our p l a n  cou ld  n o t  

d i s c r i m i n a t e  between non-divergence owing t o  l a c k  o f  e f f e c t s  and non- 

d ivergence because o f  e q u i v a l e n t  impacts i n  areas immediate ly  n e x t  t o ,  

and a t  a  d i s t ance  from, t h e  f i e l d :  F i n a l l y ,  t h e  p l a n  was v u l n e r a b l e  t o  

p u r e l y  random d i f f e r e n c e s  i n  performances o f  popu la t i ons  under obse rva t i on ,  

even though such performances were una f f ec ted  by c o n s t r u c t i o n  o f  t h e  power 



p l a n t .  Th i s  problem would e x i s t  i n  a lmos t  any program, and a l l  o f  o u r  

i n t e r p r e t a t i o n s  o f  divergences were tempered by  general  exper i  ence w i t h  

b i o t a  o f  t h e  Mojave :Desert. 

I f  a  1  a r g e r  s o l a r  thermal power p l a n t  shou ld  be cons t ruc ted ,  and i f 

t h e r e  were an assoc i  a ted  program o f  env i  ronmental mon i t o r i ng ,  how cou l  d  

t h e  program be improved? Th i s  ques t i on  should be cons idered  because SCE i s  

a l r e a d y  p l a n n i n q  t h e  c o n s t r u c t i o n  o f  a  1OOMWe STPS somehwere i n  t h e  Mojave 

Deser t .  Judging f rom o u r  f i n d i n g s  a t  Barstow, t h e  problem o f  windblown 

sand shou ld  r e c e i v e  p r ima ry  emphasis. We measured t h i s  i n  two ways a t  

Sol a r  One--wi t h  s a l  t a t i o n  meters and by  measurements o f  inc reased  depth 

o f  sand a t  s e l e c t e d  sampl ing s i  t e z .  I n  o u r  view, t h e  l a t t e r  i s  p re fe rab le .  

The procedure i s  d i r e c t ,  and avoi  ds problems assoc ia ted  w i t h  e x t r a p o l a t i n g  

amounts o f  sand c o l l e c t e d  through smal l  aper tu res ,  as w e l l  as f a i l u r e  o f  

meters t o  accommodate t o t a l  f l u x e s .  I t  i s  n o t  immediate ly  c l e a r  how 

measu.rements shou ld  be sca led  up f rom a  10 MWe p l a n t  t o  one o f  100 MW, 

b u t  t h e  sampl ing g r i d  shou ld  be designed t o  g i v e  an adequate measure o f  t h e  

geographic h e t e r o g e n e i t y  o f  new sand d e p o s i t i o n .  I s  i t  p o s s i b l e  t o  

develop a  .model o f  sand t r a n s p o r t  and d e p o s i t i o n  based on phys i ca l  

c h a r a c t e r i s t i c s  o f  t h e  he1 i o s t a t  f i e l d  ,subst ra tum and l o c a l  meteoro logy? 

Can any p r e d i c t i o n s  be made as t o  t he  u l t i m a t e  s t a b i l i z a t i o n  o f  t r anspo r ted  

sand? 

Transpor t  and deposition o f  new s a n d  m a y  impose i n d i r e c t  e f f e c t s  u r ~  

p l a n t s  and an imals  occupying downwind environments.  Based on exper ience 

a t  Barstow, i t  would be wise t o  p l a n  exper iments t o  gauge e f f e c t s  o f  sand 

depos i t s  on germina t ion ,  growth and s u r v i v a l  o f  se lec ted  spec ies o f  annual 

p l a n t s .  Such assessments would be ve ry  d i f f i c u l t  t o  accompl ish i n  f i e l d  



s i t u a t i o n s ,  b u t  cou ld  be c a r r i e d  o u t  i n  t h e  greenhouse. Another e c o l o g i c a l  

problem has t o  do w i t h  t h e  p o s s i b l e  d isp lacement  o f  an imals  f rom t h e  area 

c l e a r e d  f o r  h e 1  i o s t a t s  and o t h e r  s t r u c t u r e s .  Such an e f f e c t  was suggested, 

b u t  n o t  proven, by obse rva t i ons  o f  w h i p t a i l e d  l i z a r d s  downwind o f  t h e  

Barstow s o l a r  s i t e .  Impacts o f  t h i s  n a t u r e  c o u l d  be eva lua ted  by exper iments 

i n v o l v i n g  mark ing and release o f  an imals  occupy ing t h e  p rospec t i ve  h e l i o s t a t  

f i e l d .  

We commented e a r l  i e r  on o u r  e x p e c t a t i o n  o f  con t i nued  env i ronmenta l  

m o n i t o r i n g  a t  S o l a r  One d u r i n g  t e s t i n g  and o p e r a t i o n  o f  t h e  power p l a n t .  

A l though such work w i l l  n o t  be c a r r i e d  o u t ,  i t  i s  wo r t h  r e v i e w i n g  t h e  

program we env i s i oned  i n  a  genera l  manner. I n  June 1981 a  meet ing  was 

h e l d  under t h e  aeg is  o f  t h e  San Franc isco  Operat ions O f f i c e  o f  DOE t o  

cons ide r  a c o n t i n u i n g  program o f  env i ronmenta l  m o n i t b r i n g  a t  s o l a r  One. . 

The p r i n c i p a l  outcome o f  t h i s  meet ing  was a  p r i o r i t i z e d  r a n k i n g  o f  p ros -  

p e c t i v e  m o n i t o r i n g  endeavors. L i t t l e  i n t e r e s t  was ev inced  i n  t h e  problem 

o f  d e p o s i t i o n  o f  d r i f t  wa te r  f rom t h e  c o o l i n g  towers o f  t h e  power p l a n t  o r  

i n  t h e  prohlern o f  NOx p r o d u c t i o n  around t h e  w a l l  o f  t h e  r e c e i v e r .  The 

env i ronmenta l  . problems judged t o  have t h e  g r e a t e s t  impor tance were i ) 

e f f e c t s  o f  t h e  r e c e i v e r  tower and o t h e r  p l a n t  s t r u c t u r e s  on b i r d s ,  ii ) 

p o s s i b l e  e f f e c t s  o f  b i r d s  on t h e  r e f l e c t i v e  su r faces  o f  h e l i o s t a t s ,  and 

i i i )  t h e  p o s s i b l e  dangers t o  b i r d s  f rom h e l i o s t a t  beams focused on t h e  

c e n t r a l  r e c e i v e r .  

Other  problem areas accorded h i g h  p r i o r i t i e s  were i )  con t i nued  

me teo ro l og i ca l  measurements downwind o f  t h e  he1 i o s t a t .  f i e 1  d, and 

c o o r d i n a t i o n  o f  these measurements w i t h  r e l a t e d  obse rva t i ons  w i t h i n  t h e  

f i e l d ,  i i )  measurements o f  w ind  speed p r o f i l e s  and a i r  t u rbu lence  upwind 



o f  t h e  h e l i o s t a t  f i e l d  and i n  t h e  wake o f  the  f i e l d ,  i i i )  observat ions o f  

r e c o l o n i z a t i o n  o f  t h e  h e l i o s t a t  f i e l d  by p lan ts  and animals, and i v )  

c o n t i  nued " b i o l o g i c a l  measurements" i n  t h e  downwind environment. We have 

a1 ready discussed how these 1  a s t  observat ions should be rev i sed  i n  terms 

o f  recent  experience. 
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Appendix 1 . . 

Weights (g )  o f  sand c o l l e c t e d  by s a l t a t i o n  meters' downwind o f  s o l a r  s . i te  
between June i 6 ,  1979, and May 10, 1981. No observa t ions  (n .0 . )  were 
made a t  S t a t i o n s  2, 4, 5 and. 6 be fo re  September 1, 1979. 

- - - 

S t a t i o n s  . 

Dates 1 2 3 4 5 6 

Jun 16, 1979 0.35 

Sep 1 3.14 

Oct 31, 144.64 

Nov 3 

Nov 10  

Nov 24 

Dec 1 181.69 

Dec 8 

Dec 22 

Jan 12, 1980 

Jan 19 

Feb 29 

Mar 8 

Mar 15 

Mar 22 

Mar 29 

Apr 12 

May 10  

May 31 

I Jun 15 

Mar 29, 1981 

May 10 

~ r a n c j  T o t a l s  



Appendi x"2 

Comparisons o f  a i r  tempera tu re  p r o f i l e  d i  f f e r e n c e s  
a t  two s i t e s  a d j o i n i n g  S o l a r  One i n  1980 and 1981 

Mean . . 

temperature  Deep sky  T o t a l  
Hei g h t  d i  f f e r e n c e  temperature  ' i n s o l a t i  on Values f o r  

Dates H o ~ r s  - (cnl) - n ("a ( " c >  ( ~ - r n - 2 . d a ~ - l )  p a i r e d  - t - t e s t s  E 

171 0- - 5 140 -0.94 24.14 <O.  01 

03 
OGClO 2 1 40 0.78 9.38 <0.01 

CD 10 140 0.40 -23.4 ' n i g h t  3.89 <0.01 
50 140 0.44 4.36 <O.01 

200 140 0.41 4.70 <0.01 

J u l y  0600- 
21-22 2050 

6.71 , 

15.70 
n o t  measured 21,130 2.08 

2.91 
4.04 

29.34 
10.59 

n o t  measured n i g h t  2.91 
1.56 
0.44 



Appendix 3 

Mean a t t r i b u t e s  (and s tandard  e r r o r s )  o f  annual f l o r a s  i n  s i x  p l o t s  downwind . 

o f  t h e  s o l a r  s i t e ,  1979-1981. A t t r 5bu tes  a r e  1 )  t o t a l  spec ie  observed, 4 2)  numbers o.f  species p e r  quadrat ,  3)  aggregate d e n s i t y  (n-m- ) ,  4 )  aggregate 
d r y  we igh t  biomass (kg-ha-1)  and 5) Simpson d i v e r s i t y  index.  

P l  o t s  

Year A t t r i b u t e  1  2 3 4 5 6 



Estimated d e n s i t i e s .  (n-m-') o f  f i v e  species o f  annual p l a n t s  i n  s i x  p l o t s  
@ d o w n w i n d o f t h e s o 1 a r i i t ~ .  1979-1981. 

. . ---- 

P l o t s  

Species . Year 1 2 3 4 5 6 

Cryptantha 1979 93;3 170 171 21.5 18.2 54.4 
angust i  f o l  i a  

1980 82.6 76.3 149 20.6 11.7 65.9 

E r i  ogonum 1979 0.51 0.32 1.6 0.34 . 0.22 0.38 

Erodi um 1979 26.9 17.4 2.4 3.2 1 .'I 0.10 
c i  c u t a r i  um 
7- 1980 99.9 36.2 5.0 20.3 3.9 0.36 

Geraea 1979 0.28 0.11 0.79 0.36 3.0 1.9 
canescens 
-(-old) 1980 0.11 0.07 0.38 0.34 . 1.6 . 0.82 

Schi smus 1979 892 875 564 744 577 50 9 
a rab i  cus 

grass) 
1981 



. . :? . P u n  

Appendix. 5 

Est imated  d r y  we igh t  s tand i  bg crops  (kg.ha-' ) and standard e r r o r s ,  o f  th ree  
species o f  ,annual p l a n t s  i n  s i x  p l o t s  downwinci o f  the  s o l a r  s i t e ,  1979-1981. 

P l  o t s  

Speci es Year 1 2 3 4 5 6 

Cryptantha i 9 7 9  10.4 15.6 19.2 3.8 3.1 10.6 
angus t i  f o l  i a (3--2) (3.8) (5.0) (1.5) (1.9) (3.0) 

.. . 
Erodi  um 1979 i 8 . 4  10.6 . 0.9 7: 7 0.8 0 
c i  c u t a r i  urn (4.2) (4.6) (0.5)  (5.3) (0.5) - 

Schi smus 1979 126 11 7 137 233 220 159 
a rab i  cus (23) (1 2) (17) (26) (27) (21 



Appendix 6 

Mean pre-season vegeta t ive  s ta tes  o f  th ree  k inds  o f  shrubs i n  p l o t s  
downwind o f  t h e  s o l a r  s i t e ,  1980 and 1981. 

Distances (m) 
c, 

Species Vari  ab le  Year 100 400 800 x E 

Ambrosia Numbersof 1980 14.4 14.3 14.8 1.86 0.41 
nodes per  dumosa 
branch ,1981 12.7 12:7 12.8 0.79 0.68 

Number o f  1 980 2.8 2.5 .2'.6 2.65 0.27 
nodes per  
shoot t i p  1981 2.6 ' 2.7 2.6 1.52 0.47 

Larrea Number o f  1980 36.5 37.5 39.0 5.86 0.051 
t r i d e n t a t a  . nodes pe r  

branch 1981 38.7 39.2 . 39.1 0.91 0.64 

1980 2.3 2.4 2.5 ' 1.67 0.43 Number o f  
nodes per  
shoot t i p  1981 3.2 3.4 3.2 1.37 0.51 

Length o f  1980 4 5 . 4 ,  44 .3 .  4 8 . 7 .  4.50 0 . 1 1  ' 

shoot t i p s  
(mm) 1 981 53.7 .52.6 5.4.4 2.14 0.34 

. . . . 
Number o f  1980 23.0 . 21.3 22.7 1.19 0.57 A t r i  p l  ex 

pol ycarpa nodes p e r  . ' 

branch 1981 28.,8' '28.4 28.9 1.99 0.37 



Appendix 7 

Presence and/or es t imated  abundance (n.km-2) o f  b i r d s  i n  a p l o t  300-600 m downwind o f  t h e  
s o l a r  s i t e  betdeen September 1978 and May 1981 

Species Se.pt 3a n Mar May Sept Jan Apr May Sept Jan Apr May 
7 8 79 79 79 79 80 80 80 80 8 1 81 8 1 

Turkey Vul t u r e  
Marsh Hawk 
P r a i r i e  Fa lcon 
Mourning Dove 
Common F l  i c ke r  
Burrow i ng O w l  
Vaux S w i f t  
Costa's Hummingbird 
Western K i n g b i r d  
Say 's  Phoebe 
Barn Swallow 

W, V io le t - g reen  Swallow 
Common Raven 
Loggerhead S h r i k e  
Orange-crowned War b l  e r  
Ye1 1 ow-rumped Warbl e r  
Ye1 low Warb ler  
W i l son ' s  Warbler 
Western Meadowlark 
Red-winged B l a c k b i r d  
LeContels Thrasher 
House F inch  
Sage Sparrow 
Chipp ing Sparrow 
Brewer ' s  Sparrow 
Whi te-crowned Sparrow 
Song Sparrow 
Savannah Sparrow 
Lark  Sparrow 


