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ABSTRACT

At the request of the U.S. Department of Energy (DOE), a group from Oak Ridge
National Laboratory conducted a preliminary radiological survey at the El Verde Research
Station, Center for Energy and Environment Resaerch, in the Luquillo Forest, Luquillo,
Puerto Rico (PRE001), in 1988. The purpose of the survey wes to determine whether the
site was contaminated with radioactive residues from project sponsored in the 1560s by the
Atomic Energy Commission and the U. S. Department of Agriculture, Forest Service. The
scope of this preliminary survey primarily covered the six main outdoor study areas (2-5, 7,
and 8) and the old laboratory building areas A, B, and C. The survey included gamma
scans, indoors and outdoors; direct measurements of alpha radiation levels and transferable
measurements of beta-gamma radiation levels, indoors; and soil and vegetation sampling for
radionuclide analyses.

ResUlts of the survey demonstrated radionuclide concentrations in excess of the current
DOE criteria for ®'Cs in il at study area 4. Based on the results of this radiological
assessment, it is recommended that a €allow-up, detailed radiological survey of both surface
and subsurface environs be performed to more precisely define the extent of the
contamination from possible radionuclide migration and areal spread of *’Cs in study area 4.



PRELIMINARY SITE SURVEY REPORT
OF THE EL VERDE RESEARCH STATION,
CENTER FOR ENERGY AND ENVIRONMENT RESEARCH,
IN THE LUQUILLO FOREST, LUQUILLO,
PUERTO RICO (PRE001)*

INTRODUCTION

In the early 1960s, the Atomic Energy Commission (AEC) sponsored the development
of the Puerto Rico Nuclear Center (PRNC) jiear San Juan, Puerto Rico (Fig. 1), launching
a comprehensive program for research and training in nuclear science and engineering, with
applications of nuclear energy in medicine, agriculture, and industry." In 1964, AEC and
the U. S. Department of Agriculture, Forest Service (USFS) signed a memorandum of
agreement, separating 156 acres of the Lugillo Forest (the El Verde Rain Forest) into an
experimental area for the El Verde Research Station (EVRS), shown in Fig. 1

In 1976, PRNC became the Center for Energy and Environment Research (CEER),
and control transferred from the Energy Research and Development Administration
(ERDA), formerly AEC and presently the U. S. Department of Energy (DOE), to the
University of Puerto Rico (UPR), terminating the agreement with USES. UFPR placed
responsibility for EVRS under CEER and continued use of the EVRS area under permit
fran USFS.

The main study areas (2-5, 7, and 8) were located on the northwestern side of the
Rain Forest, with the research station built on the site of a former coffee piantation
(Fig. 2. A plot plan of the laboratory building and residence is shown in Fig. 3. The AEC
and USFS conducted detailed ecological studies in this area on radioactive fallout in tropical
forests and on the effects of sealed, point sources of ®Co and ®’Cs. These gamma emitting
point sources were later removed, and several study areas were developed east of the
Sonadora River for researching the subsequent mineral cyciing and forest metabolism
(Fig. 4). The follow-up studies used ™Cs, “'Cs, *Fe, °H, *Mn, P, ¥Rb, *Se, “Sr, and *Zn
as radiotracers. Designated areas of vegetation and/or sal were either sprayed or injected
with the tracers. Access to these areas was controlled by fencing and dog patrols.

The firstinvestigative survey and decontamination of the EVRS buildings and study
areas were performed by the Health and Safety Division of CEER and reported in 1983!
A later survey of study area 4 by the USFS was reported to CEER by correspondence in
1989.2 The letter discussed continuing ™ contamination above background levels in two
trees in that area.

®The survey was performed by members of the Measurement Applications and Development Group ofthe
Health and Safety Research Division at Oak Ridge National Laboratory under DOE contract DE-ACOS-
340R21400.
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Because the contamination reported by USFS was apparantly related to AEC activities.
verification of these findings was needed to determine whether the site met current
radiological guidelines. then, if necessary and appropriate, to correct these conditions. The
principal radionuclide of concern is ®’Cs and its naturally occurring decay products.

On June 14 and 15, 1989, the preliminary radiological survey at the EVRS site was
conducted by a member of the Measurement Applications and Development Group of the
Oak Ridge National Laboratory at the request of DOE. Qutdoor surveys of study areas
2-5, 7,and 8 are shown in Figs. 5 through 10. Sl and vegetation samples were taken for
further analyses during that time. Indoor surveys for the old section of the laboratory
building, areas A-C, are shown in Figs. 11 through 13. Smear samples were also taken
from the laboratory for assessment.

SURVEY METHODS

The radiological survey of the EVRS site included: (1) outdoor gamma scans of six
study areas 2-5, 7, and 8, and (2) collection of surface soil and vegetation samples; as well
as (3) indoor gamma scans of the old laboratory areas A-C, and (4) direct alpha and
transferable beta-gamma activity levels in the laboratory areas. No exterior surveys were
performed around the immediate buildings. Three indoor laboratory areas were not
surveyed: the new section, a storage room A in area B, and shop II in area C. The new
section of the laboratory was constructed in 1976, and no records were found of
radioisotope usage in this area. The storage room A and shop 11 were filled with
vegetation samples and stored equipment. The survey methods followed the basic plan
outlined in a correspondence from W, D. Cottrell to A J. Whitman.’

Using a portable Victoreen gamma scintillation meter, ranges of measurements were
recorded in all six study areas and inside the old section of the laboratory. (Gamma values
are given in uR/A.) The detector was held approximately three inches above the ground
surface or floor. If the gamma levels were elevated, a biased sample was taken near the
point showing the highest gamma radiation level. Systematic samples were taken at various
locations outdoors, irrespective of gamma radiation levels. Soil samples taken outdoors from
0 to 15cm in depth. One vegetation sample was taken from study area 8. Soil and
vegetation sampleswere analyzed for all gamma emitting radionuclides, with results reponed
For *'Cs, ®’Th, and U content. In addition, samples were collected from areas 2 and 3
for analysis of *H content.

Indoors, direct alpha activity levels were determined using a Geiger-Muller (GM)
pancake type probe with an alpha scintillation meter. Srears from 100 cm® areas were
obtained from various surfaces in the three old laboratory areas to establish transferable
beta-gamma activity levels. All samples were handled through the appropriate signed
Quality Assurance chain of custody and transported to Tennessee under permit to Oak
Ridge Associated Universities (ORAU). ORAU followed the U. S. Department of
Agriculture’s requircments for soil sterilization, ete., and then returned the samples ko

ORNL. Comprehensive descriptions of all survey methods and instrumentaiion have been
presented in another report.*
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SURVEY RESULTS

Applicable DOE guidelines are summarized in Table 1.***¢ These data are provided
for comparison with survey results presented in this section. All direct measurement results
presented in this report are gross readings; background radiation levels have not been
subtracted.  Similarly, background concentrations have not been subtracted fran
radionuclide concentrations measured in soil and vegetation samples.  Transferable
radioactivity levels (smears) are reported as net counts with background subtracted.

Outdoor Survey Results
Gamma Radiation Levels

Gamma radiation leveis measured during a gamma scan at each of the six study areas
(2-5, 7, and 8) are given in FIB. 5 through 10. Gamma exposure rates over the major
portions of five study areas (2, 3,5, 7, and 8) ranged from 2 to 3 uR/h. Study area 4
measured 2 to 14 xR/ on the perimeter but contained two trees with elevated gamma
levels (Fig. 7). Both trees had previously been injected with *'Cs. Tree #1 measured
15 uR/Mm at the base of the tree, 10 uR/ at the injection site of 15 m above ground,
9 uR/h at 2 m of elevation, and 170 uR/h at the bottom of a partially excavated hole under
this tree. Biased soil sample 4B1 was taken from this excavated hole. Tree #2 measured
5 uR/ both at its base and 1 m above ground. NoO other elevated levels were discovered
in any of the study areas.

Systematic and Biased Soil Samples

Systematic soil samples were taken for radionuclide analyses firom various locations at
each of the six study areas. As mentioned above, one biased il sample was taken from
the hole beneath tree #1 in area 4 (Fig. 7). Locations of the systematic (S) and biased (B)
samples are shown in Figs. 5 through 10, with results of analytical assessment provided in
Table 2. Concentrations of cesium, thorium, and uranium in the systematic samples ranged
from 0.29 to 253 pCi/g, 0.22to 035 pCig, and 0.67to 160 pCi/g, respectively.
Concentrations of cesium, thorium, and uranium in the biased sample were 370 pCi/g,
029 pCi/g, and 2%pCi/g, respectively. None of the =il samples were above DOE
guideline values (Table 1), with the possible exception of biased sample 4B1 for cesium.

Soil samples (281, 2S2, and 3S1) from study areas 2 and 3 were also analyzed for the
radionuciide, tritium. Al three samples contained minimal concentrations for *H of less
than 135pCi/g. With the exception of ¥'Cs and ®Cs, none of the isotopes used for
injections or spraying were detected in any of the soil samples. Sl sample 4B1 wes the
only sample with elevated *'Cs. Samples 532 and 831 contained verv low but detectable
concentrations of the *Cs, with values of 1.3 pCi/g and 0.66 pCi/g, respectively.
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Vegetation Sample

One vegetation sample (V) was taken from study area 8, near the fence on the western
side of the enclosure, as shown in Fig. 10. In Table 2, concentrations of cesium, thorium.
and uranium for this sample (8V1) were 1.10 pCi/g, 0.56 pCi/g, and 8.41 pCi/g.

Indoor Survey Resuits
Gamma Radiation Levels

Gamma radiation levels measured during a Scan of the flaor inside the old laboratory
building areas A, B, and C are given in Hgs. 11 through 13. Gamma exposure rates
generally ranged from 2 to 5 pR/h in all three areas: none were elevated.

Alpha and Beta-Gamma Measurements

Measurements of direct and transferable radioactivity levels were taken from
floor surfaces in each of the three laboratory areas A, B, and C (Figs. 11 through 13). All
21 direct alpha measurements were below the minimum detectable amount (MDA) of
<30 dpm/100 cm?. Twenty one smear samples were obtained from the same three areas A,
B, and C. Analyses of the smears snowed all measurements of transferable beta-gamma
radiation from a 100-cm® area were below the MDA of 120 dpm.

SIGNIFICANCE OF FINDINGS

Measurements and results of soil and vegetation sample analyses taken at EVRS,
Puerto Rico indicate that the property contained eievated levels of *’Cs, found at study
area 4 and possibly migrating from the base of one previously injected tree. Biased soil
sample (4B1) was taken from under this tree and contained 370 pCi/g of ¥’Cs; its location
is shown in Fig. 7. The concentrations of all other radionuclides on this site were below

applicable DOE criteria (Table 1) and basically in agreement with the findings reported by
N. E. Irizarry, CEER-X-115.

RECOMMENDATIONS

Based on the results of this radiological assessment, it is recommended that a follow-up,
detailed radiological survey of study area 4 be performed to:

e determine the areal spread of ¥'Cs (if any),

® determine the depth of possible contaminant migration,

® take vegetation samples from the trees in question o
determine ieaf content and estimate annual dispersion, and

® take samples from other vegetation in the vicinity to deter-
mine secondary uptake.
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Fig. 11. Plot plan of laboratory building, area A, at EVRS, Puerto Rico (PRE001),
showing indoor surface gamma radiation levels and locations of smear samples ({CJ) and
direct alpha measurements (O). ORNL gamma scan range was 3 to 5 uR/h.
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Fig. 12 Plot plan of laboratory building, area 8 at EVRS, Fuerto Rico (PREO0C1),
showing indoor surface gamma radiation levels and locations Of smear samples ((J) and
direct alpha measurements (©). ORNL gamma scan range was 25 to 5 uR/h.
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showing indoor surface gamma radiation levels and locations of smear samples (CJ) and
direct alpha measurements (O). ORNL gamma scan range was 25 to'5 pR/h.
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Table 1. Applicable guidelines for protection against radiation’

Mode of exposure

Exposure conditions

Guideline value

Gamma radiation

Surface contam-
ination®

Beta—gamma dose
rates

Radionuclide
concentrations
in soil

Indoor gamma radiation level (above
background)

238U, U-natural(Alpha emitters),&
Beta-gamma emitters®

Fixed on surfaces

Removable

2332Th, Th-natural
Fixed on surfaces
Removable

226Ra
Fixed on surfaces
Removable

Surface dose rate averaged over
not more than 1 m?

Maximum dose rate in any
100 cm?

Maximum permissibleconcentration
of the following radionuclides
in soil above background levels
aveg;;: over 100 m* area

230Th
228Ra
226Ra
238U

131Cs

20 uR/h

5000 dpm/100 cm®
1000 dpm/100 cm?

1000 dpm/100 cm'
200 dpm/100 cm®

100 dpm/100 cm?
20 dpm/100 cm'

0.20 mrad/h

10 mrad/h

5 pCi/g averaged over
the first 15cm of soil
below the surface;

15 pCi/g when averaged
over 15-cm thick soil
layers more than 15 cm
below the surface.

Derived (site specific)*
Derived (site specific)'

'Reference 5.

*DOE surface contamination guidelines are consistent with the Nuclear Regulatory Commission
guidelines found in Reference 6.

“Beta-gamma emitters (radionuclides with decay modes other than alpha emission or spontaneous
fission) except *Sr, #*Ra, ®PRa, FAc, 1, VI 12 13 1557

"DOE guidelines for uranium are derived on a site-specificbasis. While none have been derived
for this sire, guidelines for #*U typically range between 35 and 150 pCi/g.

‘DOE guidelines for cesium are derived on a site-specific besis. None ﬁave been derived for this

site.
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Table 2 Concentrations of radionuclides in soil and
vegetation at El Verde Research Station, CEER,
Luquillo, Puerto Rico (PRE001)

Sample® Depth
(cm

)

Radionuclide concentration (pCi/g)*

1370 232Th 238y

Systematic samples*

2sl 0-15 1.470.04 0.34+0.04 0.80k0.62

2s2 0-15 0-290.02 031+0.03 0.92+0.78

381 0-15 1.58+0.03 0.22£0.03 0.85+0.58

4S1 5-13 2.53f0.03 0.3210.03 0.690.44

581 0-15 1.0250.02 0.3310.2 1.020.57

552 0-15 1.39+0.03 0.3+0.08 1.60k0.74

781 0-10 0.89%0.02 0-24k0.02 0.99+0.61

752 0-15 1.75f0.04 0.2900.03 1.130.76

8S1 0-13 0.82+0.02 Q31+0.02 1.34+0.41

882 0-15 123+0.03 0.2710.02 0.67+0.28

Biased sample*

481 0-15 370 *2.42 0.29+0.26 2.96%3.49
Vegeration sampie*

8vli N/A 1.10+0.14 0.56+0.21 8.41k2.51

‘Indicated counting error is at the 95% confidence levei (£20).
*Locations of soil samples are shown on Fig. 2.
‘Systematic samples are taken at locations irrespective of gamma
exposure rates.
‘Biased samples are taken from areas with elevated gamma
exposure rates.
Vegetation sample was taken fran a variety of plants in area 8.
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