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f Luquitlo Forest and £1

soproni: ute sousery ef Lue 150 Acres Under Hi ~ Forest

Service arresnact

eseareh ares

yes imate Location

Lsboratory Area, Fl Verde Fesearch Station,

Detesl of Old Laboratory eflding, Ares 4. Nusbers Indicate

Survey Points. Se Aypundix 1A for Resulie,

betati of old Lat

survey Pos

Sory Hlding, ares 5. Numbers Indicate



See Appendix 1A for kesults

Detail of Olé Labor -tory Euilding, Area ¢ and Shops. tunbers

Indicote Surves roiut., Se Appendix 1d fer Reavbees

Approxtnate Lee:

used.

on of the Six Areas where Kediotracers vere

Radiation Levels, Expresved in uR/hr, in the Laboratory Ar

Radiation Levels snd Sampling Locations in Area 2.

See Appendix 1 for Kesulte of Sacples Analyzed.

Radiation Levels and Sazpling Locations in Area 3.

See appendix 1 for Results of Samples Analyzed.



Radtation Levels and Sazpiing Locations tn Area 4.

See Spponcix 1 for Results ef Sauples daalyeed,

Radiation Levels and Sazpling

See Appendix 1 for Results of

Radiation Levels and Saspling

See Appondix 1 for Resutts of Somples Analyzed.

Radiation Levels ard Saupling Locetions tn Ar

See Appendix | for Results of Samples Analyzed.

Ragiation Levels After Decontamination of Area 8.

Radiation Levels, at the Present Tine, in Area 4,
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CERTIFICATION

Ke 4s hereby certified that the areas described in this report do



"ek Neprssene a radiation hazard ¢o the public nor to any person working

in £1 Verde Research Station.

(appendix 1)

Mead, Health and Safety division

Fry
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2SSTRACT

The Kadielezies?

ood the Decontamination, ax indzeated



has been completed.

4 wore Seund contarinated, All contamination wi

venoved fron areas @ cud S. Figures 12, 14 and 15.

The contesineticn in orca & (Figure 16) was identified as Cs-137

was reroved Cow co © raéietton level of 200 uR/hr. fven thovch

for. isvel does n.t constitutes @ hazard fcr the public er

tn



& ares. cecess co it hes b:

controllec ty a

propricte

ns. On December 196; au

Yen requested for tie use of Cen137 ané Tritium in the forest. The

Nuclear Regulatory Cossission granted to CEER-UPR license No. $2-1934-02

fon March 1982,

?The contaminated soll that was renoved from are:



3,5 and 4 ws

packed in DOT approved containers and was shipped to a low level vaste

Gisposal site in Osk Ridge, Tennessee on Septenber 1982.
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clear Center was devesoped dering the early

Ship of the Atonie Energy Comission with the

mein goal cf developing a cosprehensive progran for research and



ning dr nucteer plication: of

uelear energy in edseine, agricul:

re and anévetry.

AS part of the projects developed in order to achieve this goal,

the Terrestrial Ecology Pivisicn uss started in 1963, In 1964 a

Renorandun of egreenent vas rigned betueen the Atoric Energy Conzision

and the Forest Service, 'S ips

ent of Agriculture, separating 156



acres in the Luguille Experimenta: Forest, 4... 5) Verde Rain Torest,

fot conducting detatied ocotogiess etudive, Figures 1 and inae

?The main study arce {s located on the ?northwestern slope of the
Bountain? ené the research station is built on the site of a former

coffee plantation. Several study areas were developed just up the

Bountain and to the east across the Sonadora River. (9). Accees to the

area is controlled by means of a hog wire fence, 8 ft high, The

Presence of patrol dogs also aids in the security of the area.

Fron 1964 on, large asount of research projects were made in tt
Verde, Vegetation was quantifies and identified, pollen was analized, @
detailed study of the climate was cade, soil vas studied and xany other

?aspects of the Rain Forest were choroughly studied. (11)

Radtotracers were used, beside other techniques, during the study



Of mineral cycling and forest netabelisn.

In 1976 the goats and objectives of PRNC changed, FANC became the

Genter for Energy and Environment Research and the AEC-ORO (then ERDA

and now the Department of Energy) concurred on transferring CEER

---Page Break---

fa

ities to the University of Puerto Rico and terminating the agree-

pent with the Forest Service, CEER/UPR will continue to use this

Festarch area under @ use pernit from the Forest Service.

In the process, 9 radiologicet survey vas planned and has been done

during the lost three years. The area under CEER's responsibility vas

thoroughly surveyed using portable survey seters, Instrumentation used

for this survey 4s Listed on page 12. During this walk-through survey,



sone soil plots vere found fenced and marked with radiation safety

signs. These areas or plots vere surveyed in nore detail and samples

vere taken and analyzed for gross bet:

gonna and alpha contamination.

?Also spectroretric anglysis was done to representative samples of each

of this areas, Except for three of these plots, no other are

found with contamination or radiation levels higher than background.

This Report cumarizes the activities carried out during the

ological survey and docunents the results.
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Terrestrind Eeoleyy Mogram wax initiated on april 1963. A

oath later, the work at £1 Verde Rain Forest started with chree major

8 Follows:

objectives

1. fe determine the effects ef ganas Erradiation fron a 10,000 Ct

+ Sealed source, on a pict of lower aentane rain

2. To measure the cycles of fallout elenents in the rain forest

3. To determine the circuits of energy flow and netabolic

Processes of the econyston in order to understand the phenomena



obeerved, (8).

ie the first year of vork at El Verde, all effores were
directed tovards the study of the general conditions before gazna

irradiation,

There is no record of mayor tracer studies during 1963 except in
August when three trees were tagged by injecting 1 mCt of 2°p-phosphorie

acid into each of the tree stems. (9)

On September 16, 1966 an agreenent was reached and « scsorandus of
understanding between the Atosie Energy Comnlission and the Forest
Service, United States Departwent of Agriculture vas signed in order to
separate 156 acres of the El Verde Rain Forest for conducting detailed
ecological studies of the effects of gama radiation, (Cs-137), upon

tropical forests.

Figures 1 and 1-A show the location and detasi of the area included

in the Agreenent,
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A preliminary irradiation vith a @ CL Co-fO, sealed scurce, vas

carried out on August 1964 to help predict the attenuation of gama

DI,

Hotion in the forest and to verify the hazards report for the 3%cq

sealed source,

0,000 Ch cease

The scaled 0

es was installed on top of a
small ridge in the Rain Forest on December 7, 1964. The area wat

exposed to ganna radiation {cr tho period betwen January 19, 1965 to



April 27, 1965, 16 vas renoved and shipped to USA during July 1966.
This source had no record of leakage and therefore did not constitute a

potentisl source of contazination to any area in che forest. (10).

Te must be mentioned. though, that during the errangenents nade for
this drradistion project, El Verde site was fenced at radii cf 80 m, 160

1 end 500 & from the radiation center. These fences hove been used as
Feference points during the radiological survey being reported at

Present. See Figure 2.

When the irradiation was coupleted and the immediate post
frradiation effects vere under study, plans were developed for studying

sineral cycling, cycles of fallout elesents and metabolic processes.

Among other methods, radicective tracers vere used in nunerous experi=

vents during this period of time.

In Janvary 1966 tracer experiments involving the use of
Strontiun-85, Cesiun-134 and Manganese-54 were initiated. These
experiments vere carried out throughout the whole year and ended in
Deceber 1966, "The objective of the experinent was to determine

Whether these nuclides could be transferred frou litter to soil to roots



of understory plants, and, if sO, at what rates.

---Page Break---
Four plete were estublised within a fenced enclesure on a gently

sloping ridge top within E] Vcrde contract area. These plots, xhich

ranged frex 1 to 1.5 encircled with corrugated

slusinun gerden edging co a depth of 3 incher, and rocts

this depth

to prevent export of pvclides to trees outside of the ylete.



© plots were scripped of s11 litter and two were left intact

Prior to the applicaticn of nuclides. On Janvary 6, 1966, approximately

tncisa? of cach cs, sr ane hin were applied to the plots, in the

form of = spray fron a hend-pucped garden sprayer. 411 plante withia

the Pots, at this tine, vere covered with plastic bags and aluatnum

{ed to prevent contamination wien sprev." (3)(2)(10)

Vurchase order records indicete that on May 1966, the Terrestrial
Feology Project bought | Curie ef Tritium to be used dn future expers~

mente vithin the Rain Forest.



ing February 1967, twenty sicrocuries of Tritiue were diluted to
1 Liter of water and the mixture vas applied to the surface of a 0.94 =?

soil plot. (5).

Lae

fon August 3, 1967, three tree?

trunks were tagged by

spraying each with 1 eCi of carrier free zn golution. This study vas

designed to evaluste the utilization by the snail Ca

olus caracola, of

lover plents groving on the tree trunks. (5)

On August 10, 1957, 1 act of *sr and 0.8 wci of cs vere atiueed



in 2,500 al of water and evenly applied to a small plot of soil. (5)

Teitiua

repeatedly used during 1968 and 1969, Five sore

experiments using this radiotracer were planned and carried out.

---Page Break---

One of the experiments censisted on injecting three trees with

different asount of *¥ an fotiox

Large Dacryoder exceisa 20 mes
Sloanea berteriana 6 sca

3. Smal} Recrvades exceiss 1 eee



Another experincnt, doue Curing May 1958, consisted on evenly

Spying four Liters of water containing 50 aCi on Tritive to a 3.7 af

sot plot.

Two nore experinents involving the use of Tritium were reported in

sJune 1969, but there 4¢ no record of the nmounte of the isotope used. (1)

Frperinents us

1B Ceniueei37, Stronciucn8s

z 2 Manganese=55

continued, In September 18, 1968 4 tree of the specie:



sha

doninguensis was injected with 0.46 mci ot 27¢s and a Dscryodes excelsa

was injected with 0.19 wci of "sr, 0.34 mci of Mn and 17.69 mci of

may.

Also during 1968 another experinent using tritiated vater vas

Teported but the anounts of the radioisotope are not mentioned.

The next reference to the use of radiotsotopes was reported in June

2p, 734, 65,

1970, Im this report, + rn and $80 are mencioned ax the

radioisctopes used to study nutrient pathways and depth of nutrient

vptake. This experiment apparently was carried out in plastic trays tn



the Laboratory. (11).

Another reference to the tagging of trees using 22P does not

specify the date of the experiment but it {s aentioned that } aCi of the

Asotope vas u

and Dacryodes

d for injecting two trees of species Sloanea berteriana

icelsa, Reference to this study is made in "A Tropical

---Page Break---

Sain Forest, (10) Since thie book was published in 1670, te 4s assumed

that this 7p experinent was performed in 1969 or before.



After 1970, the Terrestria! Ecology Division reported only one

jolving the use of radivisotopes, i.e., the tagging of # Glant

Tree Fern, Cyathes

atboree. The tree vas tagged dui

3p,

ie June 197: with

voknowa anvunts of

Based on these data, Table 1 has been prepared. It is a susncry of

the radioisotopes used, szounts used and date and location of the



experiment.
ISOTOPE (S) DATE AND AREA ai ontotsan,

_ACTIVITY

Jan, 6 19673 Area 2 (Fig.#) ? 20mck Laat

Os May 1968 Area 3 (Fig-10) 50 ech 12s

3p y903 1 act, 357.07

3p we 46 mci 280.57

$e

137¢q Sept.18,1968 Area 4 (Fig.l) 0.46 nCt 0.5
86,0 came) 17.69 acs 293-41

ask : 0119 mcs 84162

54 no 0134 nce 1743,

Bee fug-10, 1967 agea 5 (Figs12) 1 act v0.26

es ?0e 0.8 mee 7.77



en
&,

an fag. 95 1967 Area 7 (g.13) 3 acs 16.99
eee

tee dams 6y 1946 area 8 CE 1 ct 5.25
Bee eo ag ist 98:30

"onimi

SSS

Table 1 - Summary of radioisotope usage in El Verde Rain Forest
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le tust be nontioned thuty ascociated with the

id activ

there ie Leberatery building that wus constructed in 1965.



aocher

horctory, adjacent to thy first one, was constructed sn

There 4s x0 record of radioisotope usaye in the new leboratery.

other hang, it ie assuncé thst sone scmple preparation

inveivine the use of radiotracers was performed in the old laborstery.

Figu:

3 hows the



SOBUAY OF THE RADIOLOGicalL suRVEY

A Radiologicel Survey vas planned and perforned in order to

@etermine the status of £1 Verde facklitiee and research areas fron

Fadivactive contanination standpeint, The survey included a eurvey of

the redistion levels and renovabie contenination in the old iaberatory

building ard a walk-through survey of the forest. Also, soil and

vegetation samples were collected and analyzed.

Survey in the Laboratory Building:

?he radiation levels within the laboratory were mestured using

Portable Geiger Muller and Scintillation survey meters. The benches,



tables, dravers, instrusents, floors,

11s, materials and other sur-

faces were scanned on contact and at 1 meter high.
Since the laboratory building is included in NRC License Ko.

52-1994-02, and at the time of the survey there were plans for the use

of radioisotopes such as Tritium, no efforts were made to survey the

Grains, hoods exhaust system, sink traps, ete.
The survey for removable contamination was done using the

standard smear technique, Figures 4, 5 and 6 show the areas where the

smears vere taken.

---Page Break---



4 walk-through survey was done in the forest, starting from the

Jaberutory ares through the trails up te the rad.

fen center where the

Se was Anstailed on 1S64, The survey was extended to three,

ond twolve m4

fs from the trails. The area with



he 10. radius

scrveyed in a grid of epproxinately one peters
This pare of the survey vas performed at ground level, and 1

seter high, using earphones in crder to wore precisely detect variation

in radiation levels in spite of rhe

wequality of the ground.

Der

ing the walk-through survey, six areas were found fenced

With chicken wire seroens and marked tt!



radiation safety etgns.

These arvas vere markes as follows: areas 2,

12, based on

already existing within the fenced plots. For the purpose of
this report, these areas will he celled hereinafter, area as

runbered. Figure 7 shows the approxinate location of these areas. Each

was thoroughly surveyed, and @ detailed map of the radiation levels

va done. Algo, soil and vegetation

smples were collected in the areas.
Im order to have @ complete idea of the status of the surround
ing grounds, soi sanples were also collected outside of the fenced

seas, beyond the radiation safety signs. All sol sasples were col~



lected from surface 6 inches and from next 6 inches deep in the ground.

Soil and vegetation samples, representative of cach rca vere

analyzed for radionuclide content in a Germanium Lithium drifted

detector, Also, other portions were oven dried, grinded and an alliquot

of 200 mg was counted in a Gas Flow Proportional Counter, for gross

---Page Break---

sipha ond betacgsama coutarsuation, Mierocurfes per gram vere

colculated veing the following formal

+ eps where Am anount of sanple analysed (g)

ifs 2??___,

(7) 2.22 x i Fe efficiency ractor = 507



VEY REVORE DrCOSTANENATION

The initial Kediologicsl furvey for EL Verde Research Areas vas

carried out during different intervals of tine in FY 1978 through FY

wer.

. ?The background radiation level varies from 2 uR/hr to 6 ui/iar in

the Asboratery area ané in the forest. Figure 8 shous the detailed

radiation levele in the latoratory area.

. Each ene of the areas vas surveyed in detail. Figures 9, 10y 11,

12, 13, and 14 show the radiation levels and location of the samples

taken inside and beyond the fence of each area. Samples taken beyond

the fence are {dentified as control samples

Based on the description and clues found in each ar

spectro



netric analysis of some

ples and the descriptions found in the

- Literature searched, the isotopes used in each seopling zone vere

identified as follovs:

area 2 -th

- Area 3 Fu, 3p

Area & - Mes, se, Ata, Spy

Area 5 - Bsr, Mes

.Area 7 - Sc9

19 9, gp, 54

Area 8 ~ Mes, ?Me

---Page Break---

Appendix 1 ts a summary of



Terults of the samples onelyzed for
arose betarganas and gross alpha centaninstion.

Appendix 2 is a sunmary of the saeples analyzed in the Gelt

Three of the ureas vere f

wad vith radiatien Jevele higher than
background: Areas 4, 5 and £. Sex Figures 1, 12 and 16.

No contusination vas found in the laboratory building.

Appendix 14 shows the results of all the spears taken in this

buslding. Ko sauples vere taken {n the nev laboratory constructed in

1976,

Sc 1 samples fron ar ares vhere no radioisotopes have been used,

were taxen and onciyzed in order te establish @ background level for

comperiscn purpose. The results of these cof} samples are included tn

Appendix 3.
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TRIMENTS UST

1, Ludtun tleasurerents, Inc.

Model 3, Pa

Git 1.8 up/ee window

Sweetwater, Texas

2. Sesueciintion

jacna Rateneter Type 13974

Pesctor Control bivieion



Eliot Process Autezstion Linited

Levishsn, London, §.£, 13

3. Muclesr Messurenents Corporation

Ges Flow Proportaunal Counter

et PCO=LIT-DS-IT Combination

50% ELL, Ave. efficiency for gana energies from 0.500 Mev to 1.3

Mev.

WNC Inétanapolis, Indiana

4, Buclear Dats 4410 Spectroneter

with @ GelLt Detector

Nuclear Data Ine.



5. Liquid Scineittation Counter
Becknan Model L$ 31337

Deckman Inc., California

30% Eff. for Tritiue

---Page Break---

n efforts were concentrated to two of the area

{and 8, The contaminated soil in area 5 vse reudtly removed.

Tow ontaranates eoil was renoved unt

Juninun tray wae found

out Ml ce Geep in arce by Bes:



nd this level no contaminat: 2m was

Found. about 1,600 1b (453 ke)

soil were rem

4, placed tn plestic

bags and transyorted to CELE Novagues for proper disposal.

At the present time the rediation levels in area 8 vary from 2

uR/sz to 10 uR/br. See figure 15 for a diagran of the radiation levels.

Teo trees were found contaninated in area 4. The resin of the

Free, a5 well ue sone pieces of cortex, were

ed in the epestro

neter and /*7cs was found os the contuninant. Ko attempt was cade to



Guentify the resaining dsctepe. Soil centeninated with cestun vader
peath the tree, was removed. Even though shout 100 1b (43 kg) of saill
were renoved, the radiation level under the tree is still higher than
background, f.?. about 200 uR/hr. Figure 16 shows the present states of

this area.

The contaninated tree remains in place and the Forest service

concurred with CEFR that £1 Verde Rencarch area should be Licensed for

the use of radiotracers. A license application was subaiteed to the
Nuclear Regulatory Commission and License So, 52-1934-02 vas granted on

Moreh 9, 1962.

Area 4 will remain fenced and vith radiation safety signe. ALL

other radiation safety signs have been removed.

OF the radioisotopes used in El Verde, (Table 1), tritium se the

one of more concern because it could be incorporated into the human body

following ingestion of HTO, by passing through skin or inhalation either



---Page Break---

us Hquid or ina greceus form. Howver, this concern is iessened im

view of the relatively short biological Lalf-Lifer *4uidch are evolved.

For esanple, NCIP Repert Ko. 62 indicates that:

© seers reasonable co

corclude that cne pooi ef rsitiun in exposed indivicuals

in the form

free ody vater. it has fe berveon © and 18



a)

We conclude on the basis of the observations (Jerdan 1970) that any

sritium used in the ares Las been dicsipated in the ataosphere as water

spor.

Jordan. estimated the helf residence tine (eh)* for eritiun in the

+ in the veretaticn ane in the air d= 9 tropical ecosyaten such as

Verde, (2)

According to Jorden, tritium moves into the air throsgh evaporation



ef the water in the Ifeter, in such a way that, the half-residence time
of the 7H tn the soil and Litter, necessarily controls concentration in
the vater vapor above the spiked soil. The results in his experinents

indicated that: "29 days probably is @ good estimate for the th of

tritiue fn the sofl as a whole.? (2)

He found chat for trees growing in coil aptked with eritium, the th
is between 41 and 55 days. For those trees (Dactyades excelsa) where

the isotope was injected, the t of tritium vas 6.6 days (2)

If one Curie (1 Ci) of tritiua bought on 1965 was used during 1969

and experienced @ half-residence tine of 55 days, the anount renaining

in 1983 vould be 1,95 x 107ci,

ee

* Half residence time = is the length of tine that e cakes for half

the activity in a compartment to be resoved.



** Biological half-life = is the time required for the body to elintnate
by regular process of elimination one half of @

dose received of any cubstance

---Page Break---

1s

Baned on thy shove obucrvationr. then we conehudey that biological

eyeling and the ro

nee 07? tition in a tropical ecosystem as El verde

is such

tail Critiom used tx the research area hos been dispersed to



sphere in very low levels not dangerous to either the publ

ph

© persone orking $a the area,
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Soll Samples Analyzed in the Germanium Lithium Spectromete- *

VEGETATION

AREA SAMPLE NO CONTAMINATED NOT CONTAMINATED

4 3 5-137

27?7X
25X

87X

son
2 6Ase X

2 5AsB X

3 Ace

4 Base of tree Cs-137
4 Resin of tree Cs-137
5 SAG x

5 6Ace X

7 7TAeB x

7 BACB x

6 1AcB X

8 2AcB X

8 6ACB X

® Control A B x



*Spectrometric analysis was made with the only
Purpose of detecting radioactive contaminants.

No attempt was made to quantify any contaminant.
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APPENDIX 3

Soil Samples taken at the Experimental Station in order to

establish background levels for comparison purposes.

Samples counted in the Sas Flow Proportional Counter

?SAMPLE NO. wCi/gm + 2.3 K 10°5
12.70 x 10S
25.40 x 105

34.05x 1075

41.80 x 10°5
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WSU ERS

Fig. 1, Map of Puerto Rico Showing the Location of Luquillo Forest

and El Verde Research Area.
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jong term growth plots

(1964-1970)

Fig. nA. Approximate boundary of the 156 acres under DOE-

Forest Service Agreement
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Fig. 3. Laboratory Area, El Verde Research Station.
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Fig. 9. Radiation Levels and Sampling Locations in Area 2. See Appendix 1 for

Results of Samples Analyzed.
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Fig. 18, Radiation Levels and Sampling Locations in Area 3,

See Appendix 1 for Results
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Fig. 11. Radiation Levels and Sampling Locations in Ares

See Appendix 1 for Results of Samples Analyzed
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See Appendix 1 for Results of Samples Analyzed
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See Appendix 1 for Results of Samples Analyzed.
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Fig. 15. Radiation Levels After Decontamination of Area 8.
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Fig. 16. Radiation Levels, at the present time, in Area 8
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