
United States 
Department of 
Agriculture 

Soil 
Conservation 
Service 

Northeast NTC 
160 East 7th Street 
Chester, PA 19013-6092 

Subject: Ground-penetrating Radar Survey, Date: 12 February 1992 
Navy Pacific Missile Range Facility 
19 - 28 January 1992 

To: Dennis R. Gallien 
CSSD EN-V 
Department of the Army 
U. s. Army Strategic Defense Command Huntsville 
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Tirzo Gonzalez 
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Purpose: 
To assist U.S. Army Strategic Defense Command (USASDC) conduct 
archaeological investigations within the Navy Pacific Missile Range 
Facility (PMRF) in western Kauai. The use of ground-penetrating 
radar (GPR) techniques was recommended as a rapid, non-destructive 
means for the expanded investigation and analysis of cultural 
resources within the propose~ site of a fuel storage facility. 

Principal Participants: 

Jim Doolittle, Soil Specialist, scs, Chester, PA 
Tirzo Gonzalez, Senior Archaeologist, ASI; San Diego, CA 
Richard Olson, Project Archaeologist, ASI, San Diego, CA 

Activities: 

Preliminary grid surveying and site preparations were completed by 
Tirzo Gonzalez and Richard Olson during the period of 16 to 19 
January 1992. The GPR unit was unpacked, assembled, and site 
calibration trials were completed on 20 January. Also on 20 
January, additional survey lines were laid out on the proposed 
access roads and pads. The remainder of the week was devoted to 
GPR surveys, data interpretation, and ground-truth verification of 
the radar imagery. The radar unit was packaged and delivered to 
the air terminal in Lihue on 27 January 1992. 
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Equipment 

The radar unit used in this study is the Subsurface Interface Radar 
(SIR) System-8 manufactured by Geophysical survey System, Inc. The 
SIR System-8 is an impulse radar unit. Components of the SIR 
System- a used in this survey included the Model 4800 control unit, 
ADTEK SR 8004H graphic recorder, power distribution unit, 30 meter 
transmission cable, and 500 MHz antennas. The system was powered 
by a 12- volt vehicular battery. A 120 Mhz antenna was damaged in 
shipment and could not be used in this field investigation. As the 
500 Mhz antenna provided adequate (@ 2.7 m) depth of penetration 
and superior resolution of subsurface features, the survey was not 
impaired by the unavailability of the 120 MHz antenna. 

Calibration trials were conducted over a buried metallic reflector. 
The reflector was buried at a depth of 50 cm. For the sandy soils 
at PMRF, the calculated velocity of signal propagation was 0.45 
ft/ns and the dielectric permittivity was 4.9. Based on 
calibration trials, a two-way travel time of 40 nanoseconds and a 
scan rate of 25.6 KHZ were used for the surveys conducted at PMRF. 

The radar data was not stored on magnetic tapes. All graphic 
profiles were returned to Tirzo Gonzalez under a separate cover 
letter. No signal processing or data analysis was conducted. 

Survey Procedures 

The survey intervals used in this study were based upon the 
assumptions of the probable size and concentrations of buried 
cultural features, desired detection probability, and available 
time. The 500 MHz antenna, which has a width of about 30 cm and 
weighs about 4 kg, was pulled along survey or grid lines. As the 
antenna was pulled past each referenced (flagged) position (spaced 
at 1.0 to 10.0 meter intervals), the operator impressed dashed, 
vertical marks on the radar profile (see Figure 2). 

Proposed asphalt roadway: 
A proposed 3.65 meters wide, 280 meters long, asphalt roadway will 
provide access to three pads (decontamination pad, nitrogen 
tetroxide holding pad, and hydrazine holding pad). The center line 
of this roadway was located and delineated with survey flags placed 
at 10-meter intervals. Transverse to the flagged, center-line 
positions, four additional survey flags were placed in the ground 
at 1- meter intervals. This provided five (including the center 
line), 280-meter survey lines within a 4 by 280 meter corridor for 
the proposed access road (see Figure 1). 
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ANOMALIES DETECTED WITHIN PROPOSED FUEL STORAGE FACIUTY 
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Location of subsurface point anomalies detected with the GPR. 

Surveys were conducted by towing the antenna at a very- slow walking 
pace behind a vehicle housing the radar control and recording 
units. Traverses were made with the 500 Mhz antenna along each 
side of the five, 280-meter survey lines. A total of 10 traverse 
were completed. These traverses provided 2800 meters of 
continuous, subsurface data, and a 60 \ coverage of the proposed 
access road corridor. 

Following interpretation of the radar profiles, 15 segments were 
resurveyed with flags placed at 1-meter intervals. These segments 
were selected because of the appearance on radar profiles of unique 
reflections from subsurface anomalies. The 1-meter interval 
enabled a more precise location of the detected, subsurface 
anomalies. 

~ad #1 - Decontamination Pad 
A 1-meter interval was used to construct a 7 x 5 m grid over the 
proposed area (4 x 7 m) for the decontamination pad. Traverses 
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were made with the 500 Mhz antenna along one side (seaward) of each 
of the six, 7-m survey lines. These traverses provided 42 meters 
of continuous, subsurface data. 

Survey lines from the pad were extended to cover the area of a 
short access road which will connect the pad with the proposed 
asphalt roadway. Survey flags were placed at 5- meter intervals 
along these lines. Traverses were made along one side (seaward) of 
each of the six, 7 m survey lines. These traverses provided 102 
meters of continuous, subsurface radar data. 

The radar survey provided a 36 % coverage of the proposed 
decontamination pad and short access road. The survey was 
conducted with the survey vehicle in a stationary position and the 
antenna towed by hand at a very- slow waking pace along each survey 
line. 

Following interpretation of the radar profiles, two segments were 
resurveyed with flags placed at 1 meter intervals. These segments 
were selected because of the appearance on radar profiles of unique 
reflections from subsurface anomalies. The 1-meter interval 
enabled a more precise location of the detected, subsurface 
anomalies. 

Pad #2 - Nitrogen Tetroxide Holding Pad 
A 1-meter interval was used to construct a 5 x 6 m grid over the 
proposed area (3 x 3 m) of the nitrogen tetroxide holding pad . 
Traverses were made with the 500 Mhz antenna along one side 
(seaward) of each of the seven, 5-m survey lines. These traverses 
provided 35 meters of continuous, subsurface data. 

Survey lines from the pad were extended to cover the area of a 
short access road which will connected the pad with the proposed 
asphalt roadway. Survey flags were placed at 5-meter intervals 
along these lines. Traverses were made along one side (seaward) of 
each of the six, 17-m survey lines. These traverses provided 102 
meters of continuous, subsurface radar data. 

The radar survey provided a 36 t coverage of the proposed nitrogen 
tetroxide holding pad and short access road. The survey was 
conducted with the survey vehicle in a stationary position and the 
antenna towed by hand at a very-slow walking pace along each survey 
line. 

Following interpretation of the radar profiles, two segments were 
resurveyed with flags placed at 1-meter intervals. These segments 
were selected because of the appearance on radar profiles of unique 
reflections from subsurface anomalies. The 1- meter interval 
enabled a more precise location of the detected, subsurface 
anomalies. 
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Pad #3 - Hydrazine Holding Pad 
A 1- meter interval was used to construct a 5 x 5 m grid over the 
proposed hydrazine holding pad area (3 x 3 m). Traverses were made 
with the 500 Mhz antenna along one side (seaward) of each of the 
six, 5-m survey lines. These traverses provided 30 meters of 
continuous, subsurface data. 

The radar survey provided a 36 i coverage of the proposed hydrazine 
holding pad. The survey was conducted with the survey vehicle in a 
stationary position and the antenna towed by hand at a very-slow 
walking pace along each survey line. 

Following interpretation of the radar profiles, one segment was 
resurveyed with flags placed at 1- meter intervals. These segments 
were selected because of the appearance on radar profiles of unique 
reflections from subsurface anomalies. The 1-meter interval 
enabled a more precise location of a detected, subsurface anomaly. 

Proposed 110 Volt AC Service Lines to Pads #1 and 3: 
Two service lines will connect the electrical pad area with the 
hydrazine holding pad (Pad #3) and the decontamination pad (Pad 
#1), respectively. The lengths of these service lines will be 
about 65 meters and 163 meters, respectively. The center lines 
were located and delineated with survey flags placed at 10-meter 
intervals. The location of these service lines is not shown in 
Figure 1. 

A traverse was made with the 500 Mhz antenna along each side of the 
center lines. These traverses provided 456 meters of continuous, 
subsurface data, and 100\ coverage of a 0.60 m corridor. Surveys 
were conducted by towing the antenna at a very-slow walking pace 
behind a vehicle housing the radar control and recording units. 

Following interpretation of the radar profiles, one 5-meter and 
three 10-meter segments along the two traverses were resurveyed 
with flags placed at a 1-meter interval. These segments were 
selected because of the appearance on radar profiles of unique 
reflections from subsurface anomalies. 

Results 

The electrically resistive, sandy soils provided a most favorable 
environment for the operation of GPR. The 500 Mhz antenna provide 
adequate depth of penetration (about 2.7 meters) and high 
resolution of subsurface features. Concerns were expressed over 
the variable depth to and complex imagery produced by the indurated 
sands, and the presence of modern cultural features (post-1941) 
within the survey areas. These features created undesired 
subsurface reflections which complicated radar interpretations and 
could have masked reflections from some artifacts (see Figure 2). 
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The most accepted and efficient method to detect and chart the 
locations of subsurface anomalies with GPR is to establish grids 
across survey areas. Several rectangular grids were established 
across the proposed site of the fuel storage facility at PMRF. 
Grid intervals varied from 1 to 10 meters. The grid intervals 
represent a compromise among: purpose of the survey, available 
time, features being detected, local ground conditions, and desired 
detection probability. 

Table 1 sununarizes the radar survey of the proposed fuel storage 
facility. The survey covered a 4366 m2 area and provided 3567 
meters of continuous subsurface information. Coverage of selected 
areas ranged from 36 to 100 percent. 

All radar profiles were reviewed and interpreted in the field. Two 
hundred and one point anomalies or reflectors were identified on 
the radar profiles from the proposed fuel storage area. An 
"anomaly" is any feature that is dissimilar from the surrounding 
soil matrix. Twenty-five of these point anomalies were identified 
as being produced by three buried utility or pipe lines (see "P" in 
Figure 1). These features produced strong subsurface reflections 
and formed distinct patterns on sequential radar profiles. These 
lines were readily identified on radar profiles. Imagery from 
these features were distinct, occurred at a constant depth, and 
formed linear patterns on successive survey lines. These features 
were charted, but were not verified through excavations. 

Asphalt Road 
Pad #1 and access road 
Pad #2 and access road 
Pad #3 
110 v AC service Line 

Table 1 
SUMMARY OF RADAR SURVEY 

OF 
THE PROPOSED 

SUBSURFACE ANOMALIES 

AREA COVERAGE OBSERVED VERIFIED 
~~--~~~~'"---~~~~•...__~~~---' 

2800 60% 134 15 
545 36% 9 2 
540 36% 15 2 

25 36% 4 1 
456 100% 39 3 

Point anomalies appeared to be concentrated into 5 to 6 fairly 
distinct clusters (see Figure 1). The clustering was found to be 
principally related to variations in soil properties. 

Twenty-three point anomalies, displaying unique graphic signatures, 
were selected for further investigations on the basis of depth, 
signal strength, and reflective pattern. This represents a 13% 
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sampling of the 176 subsurface anomalies observed on the radar 
profiles (other than those associated with the utility or pipe 
lines). The sampling strategy was to detect and identify anomalies 
suspected of being buried cultural features or artifacts. 

At the approximate locations of the selected anomalies, additional, 
short (<10 m) radar traverse were completed to more precisely 
define their location and depth. These traverses used a 1-meter 
interval. Depths to the anomalies were estimated from the radar 
profiles Anomalies were discerned at each of the selected 
excavation sites and generally within 1 to 2 inches of the 
estimated depths. 

The excavation of 23 point anomalies identified within the study 
area revealed no buried cultural features. No artifacts were found 
in the excavated soil pits. The 23 anomalies were verified as 
being small pockets of cemented sands (78%), roots (9%), or changes 
in horizons caused by variations in soil color (9%) and soil 
texture ( 4%) • 

Conclusions 
A detailed radar survey within the area proposed for the fuel 
storage facility at PMRF revealed no major buried cultural feature. 
Excavations at the sites of twenty-three suspect radar images 
disclosed no artifacts. Suspected anomalies were identified as 
being segmented areas of indurated soil materials, plant roots, or 
buried coral fragments. 

A
w:: k~~fire;:;· 

ames A.~e 
oil Specialist 

cc: 
E. Knox, Head, NSSL, NSSC, SCS, Lincoln, NE 

fFEB 2 , 1992 
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Interpretations: 
Figure 2 is a representative radar profile from a portion of a 
traverse conducted within the area of the proposed access roadway 
to the fuel storage facility at PMRF. The two thick horizontal 
bands (labelled "A") in the upper part of Figure 2 are reflected 
images from the ground surface. These bands represent one 
interface, the air/soil interface. The dark bands represent 
positive and negative signal amplitudes. The intervening, thin 
white band is the zero or neutral crossing between the positive and 
negative signal amplitudes. 

Below the images of the air/soil interface (A) is a dark band 
(labelled "B") representing a composite reflection from several 
closely spaced, surface and near-surface features. These 
overlapping images are poorly resolved because of the low range and 
high gain settings used in this survey. These superimposed images 
are produced by changes in vegetation, surface roughness, soil 
texture, horizons, and/or moisture within the upper 25 to 40 cm of 
the soil profile. 

Below the surface and near- surf ace reflections are images from 
subsurface features. Interfaces are categorized as planar or point 
reflectors. Soil horizons, water tables, fractures and geologic 
strata appear as broad and relatively flat reflectors on radar 
profiles. These features are planar reflectors. Planar reflectors 
appear as multiple, parallel bands on most graphic profiles. In 
Figure 2; the contact separating sands from indurated sands and 
strata within areas of indurated sands (dashed lines) approximate 
planar reflectors. However, these features are extremely segmented 
and irregular. · 

Small objects, such as buried rock fragments, roots, artifacts or 
utility lines (when crossed perpendicular to their long axis) are 
point reflectors. These features have restricted dimensions and 
dielectric properties which contrast with the surrounding soil 
matrix. Point reflectors generally produce hyperbolic patterns. 
These patterns are created by the antenna's conical radiation 
pattern. The antenna "sees" reflections before and after it passes 
over a subsurface reflector. The hyperbolic pattern results from 
range changes as the antenna approaches, passes over, and goes 
beyond subsurface reflectors. 

Several point reflectors or anomalies have been identified in 
Figure 2 (immediately to the left of all "a" symbols). An 
"anomaly" is any feature that is dissimilar from the surrounding 
soil matrix. A point anomaly is a feature that, unlike a soil 
horizon or geologic strata, has very limited lateral extent. The 
size, shape, and depth to an anomaly affect radar interpretations. 
In addition, large objects reflect more energy and are easier to 
detect than small objects. 

The presence of scattering bodies in soils can complicate 
interpretations and adversely affect radar surveys. Stratified 
soil horizons, layers of cemented or "lithified"- sands, roots, and 
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modern cultural features, produced clutter and undesired 
reflections which complicated radar interpretations. The radar 
imagery was complicated by irregular, segmented layers of weakly to 
strongly cemented sands. These layers appeared on most radar 
profiles at depths ranging from 0.25 to 2.5 meters. In Figure 2, 
cemented sands range in depth from about 0.5 (right-hand portion) 
to 2.0 (left- hand portion) meters. It is possible that these 
scattering bodies masked the presence of some cultural features 
which because of the complex imagery, were indistinguishable from 
the surrounding soil matrix. 

In the course of this survey, several point anomalies were 
distinguished on the basis of depth, signal strength, and 
reflective pattern. Twenty-three of the best expressed or most 
suspected point anomalies were excavated. These anomalies 
represented small pockets of cemented sands (78%), roots (9%), and 
changes in horizons caused by changes in soil color (9%) or soil 
texture (4%). 

Soils: 
The site is located in an area of Jaucas soils. Previous studies 
{March 1990) demonstrated the effectiveness of using GPR techniques 
in areas of Gauchos soils on Kauai. The coarse-textured Jaucas 
soil is a member of the carbonatic, isohyperthermic Typic 
Ustipsamments family. This excessively drained soil has formed in 
water- deposited coral sands and is deep (> 1.0 m) over coral. Most 
soil profiles contained layers of weakly to strongly cemented sand 
at depths ranging from 0.25 to 2.5 meters. 
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EDX Fiber Optics Line 

A 215-meter center line was established along the passageway for a 
proposed fiber optics line. Measurements originated near a densely 
vegetated area which border a drainage ditch and extended 100 
meters across an open area. At 100 meters, the line changed 
direction ( to the east) and continued 60 meters to a point near a 
building complex. The line was extended an additional 50 meters in 
a irregular direction through and pass the building complex. The 
center line was also extended 5-meters from its origin into the 
densely vegetated area. 

Additional survey flags were placed in the ground on either side 
and at a distance of 1 meter from the flagged, center-line 
positions. This procedure produced a 2 x 215 meter grid along the 
proposed corridor for the fiber optics line. 

Radar traverses were conducted with the 500 Mhz antenna on both 
sides of the center line and on the interior side (towards the 
center line) of the other two survey lines. This provided 660 
meters of continuous radar data and a 60% coverage of the proposed 
EDX fiber optics line. 

The radar survey revealed 107 subsurface anomalies. Three of these 
anomalies were selected for excavation. Excavations were conducted 
in the 0 to 100-m portion of the survey area. The 110 to 210 
portion was more disturbed and contained several utility lines and 
modern features which were believed to be related to nearby the 
building complex. Excavations at the sites of the three "best
choice" anomalies revealed variations in soil properties or coral 
fragments occurring at the interpreted depths. 
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vk~ of the Hawlli Ad· 
villlry c-luce IO Ille U.S.~
!DiMoo on Civil R.iabtt; and K-.tl 
KaMbclc, cllalttDU or u.o s111e 
~ oll ..... aiilll Hmncsltold M
~ 
. One ot I/le mltgics behind die 
heiring, Kiuln.t said, was IQ gti IM 

BDcru Commlcwi& - inY'Olvcd 
wldl dlua. "lu~n"lcs Iha! lf die 
mie or Hawaii and 1he tcderal 
gov«MIClll arc ftOI going ID live up 
w !heir obllgaikin$, lh:i'I Coogrcss is 
going !O have IO do somelhing al>ou1 
it. 

·we saw a need lo cducal.O Iha 
C001111bc, and a ale(ld 10 gee ton1· 

~ ~ng o(wfl= the ICI 

wu: 
Mon people. ShG ~d. 1ro •wJU"c 

lllal I/le ICI has bet1i llbuw;t . "Whal 

people haveneverdooc is lo h.ave Lhe 
1wo parUC$ involved (Lhe siall! :ind 
federal g011cmmenis) In ;1 h=ing 
room IO updalc everyone on whDt 
ll>oy hive cloo<;," 

ADVERS£ PUBLICITY: TIOISk 

LIBERTY HOUSE 

PENTHOUSE 
AT KUKUI GROVE 

CENTER 
... 

TOMORROW 
IS MARKDOWN 

SUNDAY" 
ATTliE 

PENTHOUSE! 
' l!vcry1hlng alre:idy in th<: Oo1hcs Rack 

(excluding spmol Jlllr<:IWC$) wtll bf morllcd QR 

ADDITIONAL 

30%0FF 
And I new stlccuon of 50'4 off hims will he oddcd. 

Millkwi Traslc 

suggellcd lhtl recent •dvttse 
publicily SWTI>llfldilig l/lc IKI has 
promp!ed Ille hearing. 

In w ly Decttllbcr. Ille H.awa.il 
Advisory CQmmill<e to lhG U.S. 
Commissioo on Civil RlghlS Issued a 
repon cnllc~lng tbc swo and fcdcr.il 
govcrnmcni. for 1hcir failure 10 
property admini11cr Lhe Hawallan 
Homelands Prcgnm. 
~ 

Stn. Danit/ i1ko44 

Prior 1011\at. lhil Wall Sttttt IO<U• 
Ml publlJhcd a slinging frQnt page 
11ory ••posing nationwide many 
abwesofl/lc lllCL 

'1'hc sia1c and tcdGml govcm· 
mcni.s are v~ w(lnied ll1lll $(>me• 
body 1$ going IO nJc I civil righlS 
attion agaum lhctn, and !hey aro 
uyu1g 10 mill<e i r0t0<d IQ show 111.11 
the slil l.C lw scuJcd Haw11Jian Home 

and c.c:dcd land clalms." Trask said. 
Kluina sald AUU'1 CQllOClll'I 

wttt ctlgacrcd well bclcn dMi Wall 
Srrm J011111dl ankle was publiPiod 
0t l/ledvil righU; rqlOI\ was relcucd. 

The ICllalOr'S conr.tlTIS, $hc Aid, 
Wctll l!'ium>:I by I piltml develop. 
ing in the Bush Admlnlslt*1ioo, 

'The state and 
federal 
governments are 
very worred that 
somebody ls 
going to file a 
clvl/ rights act(qn 
against them.' 

Mllllanl Tta:sl( 

wJUch appcaN ID be 4n attempt IQ~)). 
solve hsclt of wy ~ibili1y 10 

Lile ll<!L 

· 1 don'1 wan1 people LO gc1 !he 
idea Lha1 wo'te kuing thc st11e off Ille 
l\ook." she said. '"The key t<Otd! ato 
lnlsl rcsponslb1h1y." 

NO WA V TO 1.-0SE: No legJs.' 
llllio<l wtu be lntro<llccd IQ 111c com. 
miw.c, KiMinl Aid. ·11 is an over· 
sjpt hcaM&o Then: is no way people 
coWd i.. ow°' llli$ '-1na. • 

Truk urged people lo submh ICS
tirnQny callinl f(lr bStillgs IO be bd4 
on Hawall, for citlCllsion of I/le time 
period ror n!Uipr of lt.!llmony and 
foe t-Of)i" ol l/lc ~ IO be Im· 
med.lalt4y sen1 IQ Hawall and !hen 
~Qpicd rc:ir lho ll•waiiitl cornmu11hy. 

KitWRi Aid the energy conmil• 
ICC will be a.sked IOC~pcdilC dinribu· 
lion or Ille ~is ol Lile heating. 
"PC<lplo ite going IQ i:... able io fUd 
cuc:~y whal the swe and rcdc..J · 
aovcmmen1J llavc said tcganlins Lile . 
Wk fOl'C6 n:pott. • 

Con~. lhe $o>id, needs IO "'" 
evaluaie llJ S!lllielY on hclpins I/le 
benenclarics or lhc acL "11ley'ro 
gning 10 Juve lo figure oul o way or 
dewing wioh ii b<ou$C ilc:in'tgoon 
anymore." 

Wrint!n iosumony may be sent 10: 
Commim:e on Energy ;ind Nillonf 
Resources , U.S. Sena1e, ' 
W:i.1/ungion, O.C. 20510. Autnuon: 
A Urn Siaym:in. 

PMRF archaeological survey; 
aided by use of radar device 

UNDERGROUND from A·I 
Ill<. 0cplltll1Cl11 of Lai1d llld Nlllnl 
R~. 

The survey is being do~ in 
cooperation wilh I/le u.s. Oqllrt· 
ment ol AC!fi:tlltuR Soil ~ 
lien se~. wllk;b has - a toil 
spcci&lisl, Jun" DootilllO. Jo acan 
Ille fool suxago facility sill! wtlh 
sround·pcneiralins radar (Ol'R) 
cqulpmcnL 

DQoliule <Jgmonsualtd I/le equip. 
mcnl laa ...:oet oo a $il0 ~ lo 
Liie ST AJl.S launch ped wile~ a 
WWII wgei pit 1$ kllOWll IO bavo 
been bt.uied. 

When OPR wu clcvcloped in lhc 
19'.!0s, Doollll.lc II.id, the impalll 
was mllhuy tunnel detection, 
mUing ii ~ible 10 Kall lhtOugh 
the growidand ~enemy IUMcl.s. 
ComlllttCiaJ appUClllion or I/le t8dat 

1.0ehnology ~· !nlO play in the 
mid-19703. 

"Whal lt provides," he said, 'lsan 
lni1a11ian-. chart or I/le su'*'r· 
r-, simU. lo op:nillg a crcnch, bui 
youdon' tdcslroy lt(lhclttl'l.ln). ™ 
beau1y or i!$ing the rtdar for ii· 
d\lioolnaic.&l invC'Qir,trinn• •"" _. •• 

whctc I/le c1U$ters l!fc." 
~ QPR, he said, slgnifocall!ly 
in~ Lile odds of (lfiding 10111C

thln1 and reduces the ncc:c&Shy lot 
dOing bUnd 1eSU. 

One ot the prolilcms, ~vtr. ;, 
th8I die OPR is ln~-dq>ald

Ctlt. -ii.. longer you won wllli 11, • 
Doolilllc said, ' Ille botia yow lni.cr
prniadons become.· 

The soil spcclalls1 said he h;u 
been using Ille (4oPPffiel1l foe 10 
)'tMS. having done wait in 4S -
and~ ftnlgn cowwrief. 

Doolhllc &alll llle OPR is siui 
speclric and worts well in die lllldy 
IOl1J found lllong I/le coamt fringes 
f;i( Lhe Hawaiian Islands, but Ml II 
wcU in Lhe clay sodi or !he ini.erior. 

Using 1he OPR. Doolilllc has 
bCal able IO ~ 6S pcrw11 or lhc 
l!'Ci under in.e~gation U.4 ~illive· 
ly !.ilOtl pcriOd of time. W11h U'ldJ. 
lionaJ 11tthJcological tochnlqUC$, ho 
s;iid, I/le proccs~ woul(I UW. muc;h 
longer and tho ~uircd ~cavadoos 
'NQuld be very dcsuucuvc to I.be land. 

ihough Lhe 1'\\$111"5 of lhc sou sur· 
vty will be included in the STARS 
11•c n.,.. .. . . . .. --· • • • 


