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C o n d e n s a t e  h a s  i m p a c t e d  a u  l e a s i . '  0 . 2 8  a c r e s -  T h e  i m p a c t e d

area may ex tend nor thwest  o f  the  surveyed area .

INTRODUCTTON

Land  managers  have  i -nc reas ing  respons ib i l i t i es  to  assess
the nature and extent  o f  env i ronmenta l  impacts of  var ious
acc i v i t i es  on  pub l i c  l ands  and  Lo  de te rm ine  the  assoc ia ted  r i sks
to  human  hea lCh  and  ecosys tems .  O f ten ,  t he  l and  mangger  has  a
la rge  number  o f  s i t es  to  eva lua te ,  l im iEed  resou rces  to  pe r fo rm

remed ia t i on  and  assessmen ts ,  and  l im i ted  gu idance  on  how to

eva lua te  and  p r i o r i r i ze  s i t es .  Because  fo rma l  s i - t e  assessmen ts
a re  l engchy  and  expens ive  ( see ,  f o r  examp le ,  ASTM,  1999a)  and

l im i ted  resou rces  need  to  be  used  on  those  s iCes  w iCh  Che
greaLesE p rob lems ,  accu ra te  p r i o r i - c i za t i on  i s  v i t a l .

The  genera l l y  remote  l oca t i on  o f  o i l  and  gas  p roduc t i on

s i tes  on  Federa l  l ands  has  h i s to r i ca l l y  l im i t . ed  pub l i c  conce rn
regard ing impacts on human heal - th  and ecosystems.  More
recent ly ,  o i1  and gas product j -on s i tes on publ ic  and pr ivate

lands have come under  increased scrut iny as past  product ion

impacts are being not iced,  impacts on f ish and water fowl  are
documented,  use of  sur face and ground water  suppl ies expands,
rura l  areas are encroached upon by res ident ia l  and commerc ia l
development ,  and recreaLional  uses of  producing areas increase.

For  o i1  and gas product ion s ices,  the main sources of  human

heal th  and ecosystem r isk are hydrocarbons (especia l ly  that
f rac t i on  tha t  i s  d i sso l ved  i n  wa te r ) ,  sa l i ne  waLer  co -p roduced
wl th the hydrocarbons,  and radionucl ides,  pr inc ipa l ly  rad ium in

t .he produced waLer  or  associated scale and s ludge.  Al though a
prev ious sCudy by the authors examined techniques designed Eo
eva lua te  a l l  t h ree  o f  t hese  con taminan ts  (O t ton  and  Z ie l i nsk i ,
2OO0) ,  ch i s  s tudy  l ooked  j us t  a t  che  de tec t . i on  o f  vo la t i l e
hydrocarbons in  so i ls  and shal low ground water .  The purpose of
th is  s tudy was to  extend and modi fy  so i l  gas sampl ing methods
used in  the prev ious s tudy.

The method evaluated here to detect. hydrocarbons has the
advantage of  be ing s imple and cosc-ef fect ive and extends che
reach of  the observer  in to the shal low subsur face.  The merhod
prov ides  rea l - t ime  f i e ld  da ta .  Us ing  th i s  mechod  and  s imp le
s ice mapping,  one or  more locaLions a day may be assessed,
depending on the level  o f  deta i l  requi red.

Know ledge  o f  t he  s i t e  cha racce r i s t i cs  (geo logy ,  s lope ,
d ra inage ,  t opography ,  e t c . )  and  s i ce  h i s to ry  enhances  the
ab i l i t y  t o  sea rch  fo r  and  recogn ize  I i ke l y  l oca t i ons  o f
con tamina t i on .  Thus ,  t hese  techn iques  a re  bes t  used  by ,  o r  i n
co l l - abo ra t i on  w ich ,  know ledgeab le  pe rsonne l .



T h e  s i m p l e  t e c h n i q u e  f o r  s i t e  a s s e s s m e n g  d e s c r i b e d  h e r e

u s e s  a  P I D  t o  d e t e c t  v o l a t i l e  o r g a n i c  c o m p o u n d s  i n  s o i l  g a s  i n

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

apparent  o r  no t .  Th is  approach has  advanEages in  tha t  read ings

are  ins tan taneous and the  sens i t i v i t y  and range are  exce l len t
( 0 . 1 -  t o  1 0 , 0 0 0  p p m  V O C s ) .  T h e  i n s t r u m e n E  c a n  d e t e c t  d i r e c C

h y d r o c a r b o n  c o n t a m i n a t i o n  o f  s o i l s ,  V O C s  b e i n g  g i v e n  o f f  b y  a

non-aqueous-phase hydrocarbon layer  on  Cop o f  the  water  tab le ,

o r  h y d r o c a r b o n s  d i s s o l v e d  i n  t h e  w a t e r .  I t  t h u s  a l l o w s

personne l  to  eva lua te  contaminat ion  beyond [he  immedia te  a rea  o f

obv ious  contaminat ion .  Unders tand ing  how fa r  and in  wh ich

d i recCion  hydrocarbons  may have migraCed beyond the  immedia te

s i t e  i s  c r i t i c a l  t o  a s s e s s i n g  a n d  p r i o r i t i z i n g  t h e  s i t e ,

e s p e c i a l l y  j - f  p o t e n t i a l  r e c e p t o r s  ( i . e .  s t r e a m ,  p o n d ,  w a t e r

w e l l )  m a y  e x i s t  d o w n g r a d i e n t  f r o m  t h e  s i t e .

Much work  o f  th is  t lpe  has  been done as  the  pre l im inary  o r

s c r e e n i n g  p h a s e  o f  f o r m a l  s i t e  a s s e s s m e n t s  o r  t o  g u i d e  c l e a n u p

of  hydrocarbon sp i l l s  on  an  emergency  bas is  (Hayden Truscot t ,

K i n d e r  M o r g a n ,  I n c . ,  o r a l -  c o m m u n . ,  2 0 0 1 ) .  L i t t l e  o f  c h i s  w o r k

has  been pubt ished,  and exper ience w i th  sc reen ing  techn iques  is

usua l ly  l im i ted  to  o i1  and consu l tan t  company env i ronmenta l ,

h e a l t h ,  a n d  s a f e t y  p e r s o n n e l .

F i g u r e  1 -  P h o t o i o n t z a L i o n  d e t e c t o r  ( R A E  S y s t e m s ,
u s e d  t o  d e t e r m i n e  t h e  c o n c e n t r a t i o n  o f  v o l a t i l e

c o m p o u n d s  i n  a i - r  ( e i c h e r  i n  s o i l  g a s  i n  a n  a u g e r
g i v e n  o f f  b y  a  s o i l  s a m p l e  t o  t h e  h e a d s p a c e  o f  a

b a g )  '
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f n  January  200L ,  t he
Nat ional  Park Serv i -ce v is i -
l ease ,  i n  t he  pad re  I s land
s i te  i s  l oca ted  abou t  9  m i
Campground  ( f i g .  2 )  -

authors  and personne l  o f  che
t .ed  the  A-4  s ice ,  Dunn-McCampbe lL

N a t i o n a l  S e a s h o r e ,  T e x a s .  T h e
l e s  s o u t h  o f  t h e  M a l a q u i t e  B e a c h

The  ma in  ob jec t i ves  were :  r - )  Lo  es tab l i sh  wha t  samp l ing
techniques migrht  be ef fect ive in  the sandy so i l  and shal low_
wate r - tab le  cond i t . i ons  p resen t  i n  t h i s  a rea ;  and  2 )  de l i nea te
che probable area of  condensate re lease at .  a  known re lease s ice

S i te  fea tu res

The  s i t e  i nc rudes  o f  a  g ias -and -condensa te -p rocess ing t
' . - i  r  ^ 1  - ^ ^ . Jur l r - r  p laceo  on  a  5 - foo t -h igh  bu l khead  ad jacen t  t o  an  a rea
o f  row ,  vege ta t i on -cove red  dunes  ( f i g rs .  3 ,  4 ,  and  5 )  .  ?hebulkhead is  abour  25 feec wide and 4e feet  rong.  The long
dimension of  t .he bulkhead is  or iented N.  5oo E.  Three
pipel ines extend f rom the bulkhead at  i ts  nor theast  end;
one carr ies produced gas and f lu ids f rom a nearby wel l  to
the uni t ,  and the other  two carry  natura l  gas and
condensate product a\,ray from the bul_khead. A 2-foot by 4_
foot  sump is  rocated on the nor t .hwesc s ide of  the bulkhead( f i g .  5 ) .  V a r i o u s  o i l y  f l u i d s  ( l u b r i c a t i n g  o i 1 s ,  e r c . )  h a v eseeped f rom che sump in to the adjacent  so i1,  leav ing i . t
s l i gh t l y  s t . a ined .

The  s i t e  a l so  i nc ludes  an  a rea  where ,  i n  rg92  o r  1993 ,
a stream of condensate and natural gras was sprayed int.o the
ai r  nor thwesL and west  o f  the bulkhead.  r t  was commonp r a c t i c e  i n  t h e  1 9 8 0 ' s  a n d  e a r r y  1 9 9 0 , s  f o r  p e r s o n n e l
work ing on equipment .  a t  such s i - tes to  vent  pressur ized
l ines Lo the acmosphere pr ior  to  work ingr ,  condensate
landed on the nearby sandy so i rs  and percolated in to theground.  Nps personnel  who v is i ted the s ice af ter  the evenEreporLed death of  vegetat ion over  an area of  abouc L/3 to
L/2 acre (pau1 Eubank,  Nat ionar  park Serv ice,  ora l  corrmun. ,
2001)  .  Du r ing ' subsequen t  v i s i t s ,  Nps  pe rsonner  noLed
revegetat ion of  Lhe dead area.  on ly  one such area ofcontaminat ion has been document .ed by ear l ier  observat ions
of  NPS personnel  and dat .a  f rom th is  s tudy,  ar though ot .herareas of  condensate conEaminat ion in  so i ls  may be present
a t  t h i s  s i ce -  The  l ocaL ion  o f  ou r  sampr ing  was  based  onthe documented area.

Dur ing  Ehe  th ree  days  o f  Lhe  2001  v i s iL ,  29  sha110wauger  ho les  a t  26  s i t es  ( f i g .  31  were  samp led .  Da t .a  f romEhese  ho les  p rov ide  1 )  i n fo rma t ion  rega rd ing  t . he  bes tapproach Lo sampl ing Vocs i -n  vadose-zone soi l  gases insandy  so i l s  w ich  a  sha l l ow  wa t .e r  t ab le ,  and  2 )  an



F igu re  4 -  Gas -p rocess ing  un i t  on
McCampbel l  lease.  V iew f rom the

1ow dune area bevond

bul -khead,  A-4 s i te ,  Dunn-
eas t  l ook ing  wes t .  No te
the bulkhead.

F i g u r e  5 -  V i e w  o f  c h e  s u m p  o n  t h e  n o r t h w e s t  s i d e  o f  t h e
b u l k h e a d  a n d  t h e  a r e a  o f  o i l - s t a i n e d  s o i l  a d j a c e n t  t o  t h e

s u m p .  N o t e  l o w  d u n e s  b e y o n d  b u l k h e a d .

t l



F igu re  6 -  V iew ,  l ook ing  eas t ,  o f  t he  no rLheas t  pa r t  o f  t he
sampled area.  The person in  the photo is  s t .anding near

s i te  AH8.  He is  f lanked to the nor thwest  and southwest  by
the low dune r idges ( f ig .  3) .  The bulkhead and the park i -ng

a rea  bevond  a re  i n  a  de f l ac ion  f l a t .

SAMPLING METHODS

In a prev ious invest igat ion in  nor theastern Tennessee
(b t ton  and  Z ie l i nsk i ,  2OOO)  ,  t he  au tho rs  samp led  so i l  gas
by auger ing 5-cm-diameter  ho les about  75-100 cm deep and
t .hen inser t ing a f lex ib le  Tef lon tube in to the hole to
wi th in  a few cent imeters of  the bot tom. The'PID was then
used to draw the sample from the bottom of the open hole
through the tube. The highest. reading using this technique
was t1p ica1ly  the in i t ia l  va lue af ter  pumping star ted,
because ambient air is drawn j-nto the hole and up the tube
as sampl ing progresses and d i lu tes the so i l  gas in  the open
h o l e .

We test .ed the open auger  hole technique at  th is  s i t .e
and compared i t  to  an a l ternat ive t .echnique in  which a 5-
cm-d iamete r ,  c l ea r ,  ha rd  p las t i c  t ube  ( capped  a t  one  end )
i s  i n s e r t e d  i n t o  t h e  o p e n  a u g e r  h o l e  ( f i g .  7 ) .  T h e  s o i l
ad jacent  t .o  the upper  par t  o f  the hole (or  so i l  removed
dur ing  auger ing )  i s  pushed  aga ins t  t he  wa l l s  o f  t he  tube  a t
t h e  t o p  o f  t h e  h o l e  t o  f o r m  a  s e a l  ( f i g  B ) .  T h e  t i p  o f
Ehe  P ID  p robe  i s  i nse r ted  i n to  a  ho l -e  i n  t he  cap .  However ,
a  h o l e  i n  t h e  c h i c k ,  r i g i d  p l a s t i c  c a p  w o u l d  b e  a  s o u r c e  o f
a i r  l e a k a g e  b e c a u s e  i t  i s  d i f f i c u l t  t o  g e t  a n  a i - r t i g h t  s e a l

l 3



F igu re  7 -  I nd i v idua l  i s  i nse r t i ng  the  6L  cm c lea r ,  r i g id
p las t i c  t ube  i n to  t . he  open  auger  ho le .  The  ye11ow
ins t rumen t  i s  t . he  P ID .  The  o the r  i ns t rumen t  i s  a

m ic roRmete r ,  des igned  to  check  fo r  na tu ra l l y  occu r r i ng
r a d i o a c t i v i t v .

F i r r r r r e  R -  S i r er  4 Y s ! e

p l a s c i c  c a p
p u s h i n g  s o i l
s o i l .  A l s o

A H  1 6 .  T o p  o f  i n s e r t e d  L u b e  w i t h  b l u e  r i g i d
a n d  d u c t  t a p e .  N o t e  h a n d  i m p r e s s i o n s  f r o m
down around t .he  top  o f  t .he  tube Eo sea l  the
n o t e  t h e  w e a k  i r o n  o x y h y d r o x i d e  s t a i n i n g  i n

s o i l  s u r f a c e  l a v e r .



droplets  were probably  drawn in to the bot tom of  the tube

from standing water  or  water-saturaLed sand in  the bot tom

of  the  ho1e .  Wate r  condensa t i on  fo rmed  on  the  i nne r  wa lL

of  the Tef lon tube because the ground temperature was
warmer than t .he a i r  cemperature by severa l  degrees.

A f te r  pu l l i ng  the  Te f l on  tube  f rom the  ho le ,  w€

at tempted to  get  the tube back to  ambient  a i r  VOC

concen t ra t i ons  (0 .0  ppm)  by  pu l l i ng  a i r  Eh rough  the  tube

wi th the PID.  The VOC readings d i -d  not  dec l ine readi ly  and

wen t  above  the  bo t tom ho le  va lue  (>20  ppm)  i n i t i a l l y .
A f te r  seve ra l  m inu tes  the  va lues  s t i - 1 I  had  no t  dec l i ned
s ign i f i can t l y .  We  be l i eve  tha t  t he  wa l1s  o f  t he  Te f l on
tube and the water  droplet .s  on the wal1s had sorbed and
were subsequent ly  re leas ing substant ia l  amounts of  VoCs.

W e  s w i t c h e d  t o  t h e  6 1 - c m - I o n g ,  5 - c m - I D  r i g i d  p l a s c i c

tube.  We cal -cu lated the approx imate vo lume of  our  ho le,
wh ich  was  83  cm deep  and  2 .5  cm in  rad ius  (abou t  1600  cc )
and determined that 5 mi-nutes was an adequate sampling
time. The maximum reading was 41-9 ppm of VOC during a 5-
m inu te  samp l ing  pe r iod .  Th i s  va lue  i s  a  fac to r  o f  20
higher  than the va lue obta ined wi th  the Tef lon tube in  the
open auger  hole.  Af ter  removing the probe f rom the hole we

noted that the instrument read 4 ppm without any tube
at tached (presumably VOCs were sorbed to the in l ine water

t rap) .  I t  took severa l  minutes to  get  the inst rument  down
to  amb ien t .  1eve1s  (0 .0  ppm) .  We a l so  pu l l ed  amb ien t  a i r
through the 6 l -  cm tube to  check for  contaminat ion.  tn i t ia l
readings were about 1-5 ppm, but. aft,er several minutes the
levels  dropped to less than 4.0 ppm.

Throughorit the study, we noted t.hat background
readings should be checked on the tubes af ter  moderate ly  to
h igrhty  contaminaced s i tes (20- l -000 ppm) have been measured.
The tube can be cleaned of sorbed VOCs by renioving t.he cap
and swinging the tube througrh t.he air for a few minutes.
Pushing a clean cloth through t.he length of the tube can
also lower VOC readings.  f f  the tube is  used wichout
get t ing the VOC concentrat ions down to ambient .  levels  (0.0
ppm at  th is  s i te) ,  then t .he background reading on the tube
should be recorded and subtract .ed f rom Lhe resulLs in  the
next  reading.  Background readings are used in  tab le I  to
calcu late t .he t rue VOC reading -

We sampled so i l  gas at  S i te  AHB and then reLurned Lo
that  s i te  three days laLer  and augered three addi t ional
a d j a c e n t  h o l e s  ( A H B B ,  A H B C ,  a n d  A H B D ,  f i g .  1 0 ) .  I n  h o l e
AHBB (90  cm deep ,  measured  1 ,L2  ppm w i t . h  che  r i g id  tube ) ,  we
inser ted the Tef lon tube to  var ious depths above the bot tom
o f  c h e  h o l e  ( 1 0 ,  2 0 ,  a n d  3 0  c R ,  t a b l e  f ) .  T h e  m a x i m u m

t 7



( 9 1 -  c m  d e e p )  ,  r e s p e c t i v e l y  ( t a b l e  l - )  .  T h e  l o w e r  r e a d i n g

for  AHB may re f lec t  the  somewhat  sha l l -ower  depth  o f

sampl ing ;  however  the  lower  read ing  fo r  AHSD cannot  be

exp la ined by  tha t .  The read ings  fo r  AHBB,  AHBC,  and AHBD

r e f l e c t  v a r i a b i l i t y ,  b u t  w e  a r e  u n c e r t a i n  w h e t h e r  t h e

v a r i a b i l i c y  i s  b e c a u s e  o f  s i t e ,  o p e r a t o r ,  o r  i n s t r u m e n t .

Figure l -0-  S i te  AH8.  tn i t ia l  ho le is  marked by the orange
f lag (Che f lag is  v is ib le  but  not  the meta l  wi re inser ted

into the ground;  the hole is  beneath Lhe meter  s t ick)  .
Adjacent  locat ions,  AHBB, AHBC, and AHBD, are marked by 10-
penny nai ls  t ied wi th  red f lagging.  The opening for  one of

these  ho les  i s  v i s i b le ,  j us t  t o  Ehe  r i gh t  o f  t he  red
f l agg ing  on  the  l e f t  s i de  o f  t he  pho to .  The  P rD  (ye l l ow)

and an open f  ie ld  not .ebook are v is ib le .

EXTENT OF HYDROCARBON IN SOIL AT A-4

VOC ana lyses  fo r  the  26  s i tes  a re  Labu la ted  in  Tab le  I
and por t rayed in  F igure  11 .  The h ighes t  read ing  (4L9 ppm

a t  A H 1 )  a t  t h e  s i t e  w a s  f r o m  t h e  a r e a  o f  o i I - s t a i n e d  s o i l
a d j a c e n t  t o  t h e  s u m p  ( t a b l e  1 - ,  f i g .  3 ,  f i g .  5 ) .  O u t s i d e  o f

tha t  a rea ,  the  h ighes t .  read ing  was 159 ppm in  AH14 ( tab le

L ,  f i g .  3 ) .  T h e  a r e a  o f  h y d r o c a r b o n  s o i l  c o n t a m i n a t i o n
d o c u m e n t e d  b y  t h e  s a m p l i n g  ( f i g .  I 2 l  i s  0 . L 2  h e c E a r e s  ( 0 . 2 8

a c r e s ) .  T h e  a r e a  o f  c o n t a m i n a t i o n  i s  w e l l  c o n s c r a i n e d  o n l y
a t  the  nor theas t  end and the  southwest  end where  the  edge
o f  t h e  a r e a  i s  b r a c k e c e d  b y  s a m p l e  l o c a t i o n s .  T h e  i m p a c t e d
a r e a  l i k e l y  e x t e n d s  n o r t h w e s t  o f  t h e  s u r v e y e d  a r e a .

l 9



Table I - VOC measurements at auger hole locations at the A-4 site
BG- background hole; RT-rigid tube; except where noted, the tube was 6l cm long; TT (XX)- Teflon tube,

number of cm above bonom of hole; NA- not applicable; bg- no odor, no measurement, background value
assumed: WT- water table.

Site # Method Date Depth
(cm)

Time of
measurement
(mins:secs)

Raw VOC reading,
peak, if just one listed

(oom)

Raw minus
background

(pnm)

BG RT 0 /09 72 5:00 0.3 0.3
A H I TT (2.5) 0 t09 r10 NA 7 . 1 7 . 1

TT (2.5) 0 t09 83 NA t9.2 t 7 . 9
RT 0 /09 83 5:00 4t9 419

AH2 RT 0 t09 8 5 5 :00 9 . t Unknown

AH3 RT 0 t09 85 l  I : 0 0 1 5 . 0 Unknown

AH4 RT 0 t09 88 5:00 I . J t . 3
AH5 RT 0 t09 88 4:00 1.2 1 . 2
AH6 RT 0 /09 84 5:00 0.4 0.4
AH7 RT 0 t09 66 5:00 76.7 76.7
AH8 RT 0 t09 83 5:00 96.5 94.9

AH88 RT 0 2 90 4:00 n 2 l l l

TT ilO) 0 90 NA 22 NA
TT (20) 0 2 90 NA 24 NA
TT (30) 0 2 90 NA l 9 NA

AH8C RT 0 9 l 4:00 l l 2 l l l

AH8D RT 0 9 l 4:00 88.  r 85.4
AH9 RT 0 87 5:00 0.6 0.6
AHIO RT 0 88 5:00 70.4 70.4
A H I I RT 0 90 5:00 40.8 40.0
A H I 2 RT 0 88 5:00 t 2 . l I  1 . 0

l t 4 6:00 28.4 27.3
A H I 3 RT 0 t i t l r04 5:00 2.7 0.7

r 3 8 5:00 17.5 t 5 . 5
A H I 4 RT 0 / l l 88 5:00 1 5 9 59
A H I 5 RT 0 t / l  l r00 5:00 8.5 6.4

r 5 6 4:00 90.4 89.2
A H I 5 RT

(6 lcm)
0l^2 r 5 9 5:00 83.9 83.9

RT
(30.5cm)

0 u t 2 r 5 9 5:00 63.3 63.0

A H I 6 RT 0 l / 1 2 134 4:00 57.0 56.6
A H I T RT 0vl2 r 4 t 4:00 27 27
A H I 8 RT 0 l / t 2 r60 l :00 3 l 3 l

l : 5 0 38 38
3:00 1 1 27
4:00 l 7 l 7

A H  I 9 RT 0 u t 2 t2l l : 5 5 02 02
4:00 86.2 8s.8

AH20 RT
(30.5cm)

0ut2 5 7
WT at 57

4:00 t - l l . l
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Figure 12- Areas where daca suggest hydrocarbons are
present  a t  and near  Ehe water  cab le .  The la rqer  a rea  o f

hydrocarbons may extend to the northwest and is reasonably
we l l  de l ineated  on ly  a t  the  nor theas t  end and southwest  end

of  the  mapped area ,  where  sample  s i tes  b racket  the  contac t .
The area near the sump is mapped based on one reading and

E h e  s c a i n e d  s o i l -  a t  t . h e  s u r f a c e .
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VOC data  ob ta ined us ing  the  r ig id  tube techn ique and

t h e  P I D  s u c c e s s f u l l y  d e l i n e a t e  a n  a r e a  o f  c o n d e n s a t e

contaminat ion  near  the  bu lkhead.  The boundar ies  a re  besL

de l ineated  where  they  are  bracketed  by  sample  loca t ions .

The area  is  open to  the  nor thwest ,  bu t  VOC walues  in  so i l
g a s  s e e m  t o  b e  d e c r e a s i n g  i n  t h a t .  d i r e c t i o n .
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Appendix- Field equipment.  used during thj-s study*

l - )  R A E - 2 0 0 0  P h o t o i o n i z a t i o n  D e t e c t . o r
RAE Syst.ems
1 3 3 9  M o f f e t t  P a r k  D r i v e
Sunnyva le ,  CA 94089

2 l  S o i l  a u g e r
2y4"  d iameter  genera l -purpose so i l  auger-  threaded,  s la in less
s tee l  b i t ,  c ross  hand le ,  and  3 - fooE  ex tens ion  rods

AMS Supplies
1 0 5  H a r r i s o n
Amer ican Fal1s,  ID 83221,

*  Ment ion of  equipment  used dur ing th is  s tudy is  for
information only and does not imply endorsement. by t.he U.S.
Geological Survey. Instrument.s and equipment sold by other
manufacturers may achieve the same resul ts .
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