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CERTIFICATION

not represent a radiation hazard to the public nor to any person working

in E1 Verde Research Station. From a radiation standpoint these facil-

ities could be safely used under the conditions stated in NRC License

Number 52-1934-02 of March 9, 1982 as amended on October 13, 1982.

(Appendix V)
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Y/ Date Nimia E. Irizesdd
Head, Health and Safety UlVlelon
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Radiclezical Survey and the Decontamination, as ind:zcated

staticn liag been completed.

Areas 8, 5 znd ¢ vere Tcund contaminated. ALl contaminaticn wes
removed from aveas 8 and 5. Figures 12, 14 and 15.

The contzzinatica in arca & (Figure 16) was ideantified as Cs-137
and was removed down o & racdiztion level of 200 uR/hr. Even thouch
tris raciatier lovel cdoes not constitutes & hazard fcr the public cor
nnel wveorking in the ares, zccess to it has besn centrolled by a2
S BN2E P ERSTERLIEYe warning sizns. On December 1981 21 KRG L-cense
28 requested for the uses of Cs-137 and Tritium in the ferest. The
Nuclear Regulatory Commission granted to CEER-UPR license No. 52-1%34-02
on March 1982,

The contaminated soil that was removed from areas 3, 5 and & was
packed in DOT approved containers and was shipped to a low level waste

disposal site in Cak Ridge, Tennessee on September 1982.
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INTRODUCTI 0N

The Pucrto Rice Huclear Center was developed during the early
1960's under the egpensorsbip of the Atoric Energy Commission with the
mzin gosal  of developing a comprehensive pregram  for research  and
traiving ir nuclear science ané sigincering end in the applications of
nuclesr encrgy in wmedicine, agriculture and industry.

A8 part of the projects developed in order to achieve this geal,
the Terrestrial Ecelogy Mivisicn was started in 1963, In 1964 a
memcrandum of agreement was signed between the Atomic Energy Commision
and the Forest Service, US bepartment of Agriculture, separating 156
atres in the luquille Experimental Forest, i.e., 1 Verde Rain I'orest,
ior conducting detaiied ecalogical studics, Figures ] and L=

The main study area is located on the "northwestern slope of the
mountain" and the research starion is built on the site of a former
coffee plantation. Several study areas were developed just up the
mountain and to the east across the Sonadora River. (9). Access to the
area 1is controlled by means of a hog wire fence, 8 ft high. The
presence of patrol dogs also aids in the security of the area.

From 1964 on, a large amcunt of research projects were made in E1
Verde. Vegetation was quantified and identified, pollen was analized, a
detailed study of the climate was wade, soil was studied and many other
aspects of the Rain Forest were thoroughly studied. (11)

Radiotracers were used, beside other techniques, during the study
of mineral cycling and forest metabolism.

In 1976 the goals and objectives of PRNC changed, PRNC became the
Center for Energy and Environment Research and the AEC-CRO (then ERDA

and now the Department of Energy) concurred on transferring CEER




facilities to the University of Puerto Pico and terminating the agree-
ment with the Forest Service. CEER/UPR will continue to use this
research area under a use permit from the Forest Service.

In the process, a radiological survey was planned and has been done
during the last three years. The area under CEER's responsibility was
thoroughly surveyed using portable survey meters. Instrumentation used
for this survey is listed on page 12, During this walk-through survey,
some soil plots were found fenced and marked with radiation safety
$igns. These areas or plots were surveyed in more detail and samples
were taken and analyzed for gross beta, gamma and alpha contaminatiom.
Alsc spectrometric analysis was done to representative samples of each
of this areas. Except for three of these plots, no other areas were
found with contamination or radiatien levels higher than background.

This Report summarizes the activities carried out during the

radiological survey and documents the results.




HISTUORICAL BACK(S 0

the lerreswednd fusiugs Program was initiated on April 14963, A
month lzter, the work at El Verde Rain Forest started with three major
objectives as follows:

l. 7o determiue the cifect=s of gamma irradiatien from a 10,000 Ci
Cesium-137, scaled source, on a plot of lower montare rain
fcrest,

2, To measure the c¢ycles of fallout elements in the rain forest
svsten.

3. To determine the circuits of energy flow and metabolic
processes of the ecosysten in order ro understand the phenomena
observed., (8),

Luring the first vear of work at [E1 Verde, all efforts were
directed towards the study oi the general conditions before gamma
irradiation,

There is no record of mayor tracer studies during 1963 except in

; 32
August when three trees were tagged by injecting ! mCi of P-phesphoric
acid into each of the tree stems. (9)

On September 16, 1964 an agreement was reached and a memorandum of
understanding between the Atomic Energy Commissien and the Forest
Service, United States Department of Agriculture was signed in order to
separate 156 acres of the El Verde Rain Forest for conducting detailed
ecological studies of the effects of gamma radiation, (Cs-137), upon
tropical forests.

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

in the Agreement,




A preliminary irradiation with a 6 Ci Co-t0, sezled scurce, was

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

radiation in the forest and to verity the hazards report for the 137Cs
sealed zource.

The 10,000 Ci cesivm-137, scaled source, was installed on top of a
small ridge in the Rain Forest on December 7, lueaq, The area was

exposed to gamma radiation fer the period between January 19, 1965 to
April 27, 1965. 1t was removed and shipped to USA during July 1966.
This source had no record of leakage and therefore did not constitute a
potential source of contamination to any area in the forest. (10).

It must be mentioned. though, that during the arrangenents made for
this irradiztion project, El Verde site was fenced at radii cf 80 m, 160
m and 500 m from the radiation center. These fences have been used asg
reference points during the radiclegical survey being reported at
present. See Figure 2,

When the irradiation was completed and the immediate post-
irradiation effects were under study, plans were developed for studying
mireral cycling, cycles of fallout elements and metabolic processes.
Among other metheds, radiocactive tracers were used in numercus experi-
ments during this period of time.

In January 1966 tracer experiments involving the wuse of
Strontium-85, Cesium-134 and Manganese-54 were initiated. These
experiments were carried out throughout the whole vear and ended in
December 1966. "The objective of the experiment was to determine
whether these nuclides could be transferred from litter to soil to roots

of understory plants, and, if so, at what rates.
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Four plets were estoblished within a fenced enolosure on a gently
sloping ridge top within El Verde contract area. These plots, which

2

ranged from 1 to 1.5 m°, were compietely encircled with corrugated
sluminum garden edging te a depth of 3 inches, znd rocts to this depth
Were cut to prevent export of nuclides to trees outside of the vlots,
iwo of the plots were stripped of all litter and two were left intact
prior to the applicaticn of nuclides. On Januvary 6, 1965, approximately
H mCi/m2 of each, 13&Cs, 855r and SAMn were applied to the plets, in the
form of & spray from a hand-pumped garden sprayer. All plants within
the p.ots, et this time, were covered with plastic bags and aluminum
fciled to prevent contamination with sprav."” (3)(£)(10)

Purchase order records indicate that op May 1866, the Terrestrial
Lcology Project beught 1 Curie of Tritium to be used in future experi-
ments within the Rain Forest.

During February 1967, twenty microcuries of Tritium were diluted to
1 liter of water and the mixture was applied to the surface of a 0.94 m2
soil plot. (5).

Later, on August 3, 1967, three tree's trunks were tagged by

spraying each with 1 wCi of carrier free 652n solution. This study was

designed to evaluate the utilization by the srail Caracolus caracola, of

lower plants growing on the tree trunks. (5)
. 85 ; 134 .
On August 10, 1967, 1 mCi of St and 0.8 mCi of Cs were diluted
in 2,500 ml of water and evenly applied to a small plot of soil. (5)
Tritium was repeatedly used during 1968 and 1969. TFive more

experiments using this radiotracer were planned and carried out.




One of the euxperiments consisted on Injecting three trees with

oy 3

different amcunt of "F ze fol

P

QWS ]

1. Large Dacrvodes exceisa SR S 8 R 20 mCi
2. Sioanea berteriana SR 6 mCi
3. Small Dzcrvodes excelisa o 8 1 wli

Another experiment, done curing May 1968, consisted on evenly

. , o ’ : PR 2
applving four liters of water ceatalning 50 mCi on Tritium to 2 3.7 m
s0il plet,

Two more experiments involvine the use of Tritium were re orted in
g jal

June 1969, but there is no record of the amounts of the isotope used. (1)

Frperiments using Cesium~137, Strontium-85  and Manganese-54
continued. In  September 18, 1968 a4 tree of the species lMatavba

dominguensis was injected with 0.46 mCi oi “°'Cs and a Dacryvodes excelsa
. . ; 85 ; ; 54 3
was injected with 0.19 mCi of Sr, C.34 mCi of Mn arnd 17.69 mCi of
86
Rb. (1).
Also during 1968 another experiment using tritiated water was
reported but the amocunts of the radioisctope are not mentioned.
The next reference to the use of radioisotopes was reported in June

32?. 75S 65

1970. In this report, e, Zn and 59Fe are mentioned as the

radioisotopes used to study nutrient pathways and depth of nutrient
uptake. This experiment apparently was carried out in Plastic trays in
the laboratory. (11).
; . 32
Another reference to the tagging of trees using P does not
specify the date of the experiment but it is mentioned that ] mCi of the

isotope was used for injecting two trees of species Sloanea berteriana

and Dacryodes excelsa. Reference to this study is made in "A Tropical




Rain Forest". (10} Since this book was publistied in 1970, it is assumed
.32 : . : .
that this 7P experiment was performed in 1969 or before.
After 1970, the Terrestrial Ecology Division reported only one
event involving the use of radicisotopes, i.e,, the tagging of a Giant
Trec Fern, Cyathea arborea. The tree was tagged during June 167: with

32

unknown amounts of B

Based on thesc data, Table 1 has been prepared. It is a summery of
the radioiscotopes used, amounts used and date and lccation of the

experiment.

ISOTGPE (8) DATE AND AREA APPLIED ORIGINA HALT 1.IVZIS
ACTIVITY PASST
3H Jan. 6 1967; Area 2 {(Fig.9) 20mCi 1.3¢
3y, May 1968 Area 3 (Fig.10) 50 uCi 1,22
32P 1969 " 1 mCi 357.07
& 1972 " 46 mCi 280.57
137C Sept.18,1968 Area 4 (Fig.ll) 0.46 mCi 0.5
86Rbs " Hoooa 17.69 mCi 293,41
SSS " n " 0.19 mCi 84.62
50T " oo 0.34 mCi 17.4%
Mn
?gﬁr Aug. 10, 1967 Area 5 (Fig.12) 1 mCi 90.26
Cs i u " 0.8 mCi 7.77
65 X ;
Zn Aug. 3, 1967 Area 7 (Fig.13) 3 mCi 16,99
134 . 5
85 Cs Jan. 6, 1966 Area 8 (Fig.l4) 1 mCi 8.25
5!:'Sr " " 1 mCi 95,90
Mn " t 1 mC 19,92

Table 1 - Summary of radioisotope usage in El Verde Rain Forest




It must be montioned thuit, ascocated with the fieid activities,
there iz 2 loberatery building that wis constructed in 1965,

Anceher laboratory, adjacent to the first one, was constructed in
1576, There is rno record of radicisotepe usase in the new laboratcry.

(i the other hand, it is agsumed rthat some gample pPreparztion
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laveiving the use of radiotracers was in the old laboratory.
Flgure 3 shows the lazboratory erea,

SUHMARY OF THL RADIOLOGICAL SURVEY

A Radiological Survey was planned and performed in order to
determine the status of F1 Verde facilities and research arezs from
radivactive centaminaticn standpceint.,  Tae survey included a survey of
the radiation levels and removable contamination in the old laboratory
building and a valk-through survey of the forest. Also, so0il and

vegetation sanples were collected and analyzed.

l. Survey in the Laboratorv Building:

The radiation levels within the laboratory were measured using
portable Geiger Muller and Scintillation survey meters. The benches,
tables, drawers, instruments, floors, walls, materials and other sur-
faces were scanned on contact and at | meter high.

Since the laboratory building is included in NRC License No.
52-1934-02, 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
drains, hoods exhaust system, sink traps, etc.

The survey for removable contamination was done using the
standard smear technique. Figures 4, 5 and 6 show the areas where the

smears were taken.
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o Survev of the Torest

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

iaboratory ares through the troils up to the radiation center where the

(G 1
e T

57 souvrce was installed em L1964, The survey was extended to three,

¢ix and twelve meters fronm the tralis. The area within the 180 Tacius
was surveved in a prid of approxinmately one peter.

This part of the survey was periormed at ground level, and 1
m2ter high, using earphones in crder to mere precisely detect variation
in radiastion levels in spite of the inequalitv of the ground.

During the walk-through survey, six areas were found fenced
with chicken wire screens and marked vwith radiation safety signs.
These areas were marked as follows: areas 2, 3, 4, 5, 7 and &, based on

numbers already existing within the fenced plots. For the purpose of

this report, these areas will he called hereinafter, area as

numbered, Figure 7 shows the approximate location of these areas. Each
area was thoroughly surveyed, and a detailed map of the radiation levels
was done. Also, soil and vegetation samples were collected in the areas.
In order to have a complete idea of the status of the surround-
ing grounds, so0il samples were also collected outside of the fenced
areas, beyond the radiation safety signs., All soil samples were col-
lected from surface 6 inches and from next 6 inches deep in the ground.
Soil and vegetation samples, representative of each area were
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
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alpha  and bota-gamma contarivation, Microcurics per gram  were

calculared using the fellowing formulag

et cpm where A= amcunt of sample analy:zed {g)

RESULTS OF THE RADJULOCICAL SUFVEY BLIGREL DECONTAMINATION

The initial Kadiological Survey for El Verde Research Areas was
carried out during different intervals of time in FY 1978 through FY
lagl,

The background radiation level varies from 2 uR/hr to 6 uk/nr in
tue laboratorvy arez and in the forest. Figure & shows the detailed
radiation levels in the laboratory area.

Each one of the areas was surveyed in detail. Figures 9, 10, 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 identified as control samples.

Based on the description and clues found in each area, spectro-
metric analysis of some samples and the descriptions found in the
literature searched, the igsotopes used in each sempling zone were

identified as follows:

Area 2 - 3H

Area 3 - 3H, 32P

Area 4 137Cs, 85Sr, SaMn, 86Rb
Area 5 - 85Sr, 134Cs

Area 7 . - 6SZn

Area 8§ - 134Cs, 858r, 54Mn
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Appendix 1 is a summary of the results of the samples anzslvzed for
gross beta-gamma and gross alpha centamination.

Appendix 2 dis a surmary of the gamples analyzed in the 6Geli
speciromater.,

Three of the arcas werc found with radiation levele higlher than
background: Areas 4, 5 and &. See Tigures 21, 12 and 4.

No contamination was found in the laboratory building.

Appendix 1A shows the results of all the smears tekenm in this
building. No samples were taken in the new laberatory conscructed in
1976,

S¢ 1 samples from ar arez where no radicisctopes have been used,
were taken and anclivzed in corder ta establish a background level for
compariscn purpose. The results of these soil samples are included in

Appendix 3.
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INSTRUMERTS USib
Ludlum Measurements, Inc,
Model 3, Pancake GH 1.5 mg/cc window

Swectwater, Texas

N

Scintillation Gamma Ratemetor Type 15874
Rezctor Control Division
Eliot Process Auvtomation Limited
Lewigham, London, S.E. 13
huclezr Measurements Corporation
Gas Flow Proporticnal Counter
Model PCC-IIT-DS-IT Cembination
50% Eff. Ave. efficiency for gamma energies frem 0.500 Mev to 1.3
Mev.

NMC Indianapolis, Indiana

Ruclear Data 4410 Spectrometer
with a Geli Detector

Nuciear Data Inc.

Liquid Scintillation Counter
Beckman Model LS 3133T
Beckman Inc., California

30% Eff. for Tritium

12
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DLCONTAMINATION, PRESENT STATUS ARD CORCLUSTIONS

Decontamination efforts were cencentrated to two of the areas:

4 and 8. The contaminated soil in area 5 was readily removed.
ine -ontaminated soil was removed until an aluminum tray waz found
about 10 cr deep in area §. Beyend this level no contaminst: sn was

found. about 1,000 1b (453 kg) of scil were removed, placed in olastic
bags and transported to CEER Mavaguez for proper dispesal.

At the present time the rvadiation levels in area 8 vary from 2
uR/hr to 10 uR/hr. See figure 15 for a diagram of the radiation levels.

Tw: trees were found contaminated in area 4. The resin of the
tree, as well as some pieces of cortex, were analyzed in the ecectro-
Cs was found as the centaminant. Lo attempt was wmade to
Guantify the remaining isoteope. So0il contaminated with cesium wunder-
neath the tree, was removed. Fven though about 100 1b (43 kg) of soil
were removed, the radiation level under the tree is still higher than
background, i.e. about 200 uR/hr. Figure 16 shows the present status of
this area.

The contaminated tree remains in place and the Forest service
concurred with CEER that El Verde Rescarch arca should be licensed for
the use of radiotracers. A license application was submitted to the
Nuclear Regulatory Commission and License No. 52-1934-02 was granted on
March 9, 1982.

Area 4 will remain fenced and with radiation safety signs. All
other radiation safety signs have been removed.

Of the radioisotopes used in El Verde, (Table 1), tritium is the
one of more concern because it could be incorperated into the human body

following ingestion of HTO, by passing through skin or inhalation either
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as liquié or in a gascous Torm. However, this concern is lessened in
view of the relatively short biclogical kali-lifus **yhich are involved.
For ezample, RCAP Repert Ho. 62 indicates that: "1t seems reasonable to
corclude that cme pocl of tritium in exposed individuals is in the form

gical) Lalf-1ide berweer 6 and 18

We conclude on the basis of the ohservations (Jordan 1970) that any
tritium used in the arca has been dicgipated in the atmosphere as water
’apor,

Jordan estimated ithe half residence time (th)* for tritium in the
soil, in the vegetaticn ancd in the air 4r a trepical ecosvstem such as
£l Verde, {2)

According to Jorden, tritium moves intc the gir through evaporation
of the water in the litter, in such a way that, the half-residence time
of the "H in the soil and litter, necessarily controls concentration in
the water vapor above the spiked soil. The results in his experiments
indicated that: "29 days probably is a good estimate for the tk of
tritium in the soil as 3 whole." {(2)

He found that for trees growing in soil spiked with tritium, the tk

is between 41 and 55 days. For those trees (Dacrvodes excelsa) where

the isotope was injected, the th of tritium was 6.6 days (2)
If one Curie (l Ci) of tritium bought on 1966 was used during 1969
and experienced a half-residence time of 55 days, the amount remaining

in 1983 would be 1.95 x 10~ 2/ci.

* Half residence time = is the length of time that it takes for half
the activity in a compartment to be removed.,

%% Biological half-life = is the time required for the body to eliminate
by regular process of elimination one half of a
dose received of any substance
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Bzazsed on the sbove observations, then we conclude, that binlogical
cveling and the rovement of iritium in a tropical ecosystem as El Verde
iat ail tritium used in the research area has been disperced to

thi aimosphere in very low levels not dangerous to either the public or

te persons working in the area.
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CENTER FOR ENERGY AND ENVIRONMENT RESEARCH
HEALTH AKD SAFLTY OFFiCE

ENVIROINMENTAL SAMPLES SUMMAKY HEPORT
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Key: * Net Results = uCi/g sample - u Ci/g background Error range + 2.3 X 107%s Ci/g
V= vegetation C= control
S= soil = soil surface 6 in. B- soil sub-surface 6 in. :

“xZero (0) indicales activity bellow detection limits of the Gas Flow Proporticonal

Counter,
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CENTER FOR ENERGY AND ENVIRONMENT RESEARCH
HEALTH AND SAFETY OFFICE

ENVIRONMENTAL SAMPLES SUMMARY REPORT

Date AP“ ' *79

i ¢ ’
Technician Ramon \fv

€ L

Sampling zone ‘A,\qu s %

Net®

Instrument used N5 _ 4T
Background 8 v bodpr 10
Background a o dpm
Sample Vol. or Wt,

._ZQ_E’_E{_
Type of sample Soyl

Net Ne; Net
SAMPLE NO, vCi/g By uCi/g o  SAMPLE NO. wCi/g B v uli/g a
A -6 -
Bt g8 LY.56 %D o Tl
3 -C-13 o 0
'j_‘) -—C‘ C.- il o]
L-Ih " 0
ES - i-:) 1" o
RS it L
-2 3 0
AR 8 I o
-
Erie <-704/8 o
Key: * Net Results = uCi/g sample - u Ci/g background Error range +2.3X 1075y Ci/g
V= vegetation C= controtl
5= soil A= soil surface 6 in. B= soi] sub-surface 6 in.
**Zero (0) indicates activity bellow detection limits of the Gas Flow Proportional
Counter.

-2




CENTER FOR ENERGY AND ENVIRONMENT RESEARCH
HEALTH AND SAFETY OFFICE

ENVIRONMENTAL SAMPLES SUMMARY REPORT

Instrument used DS 7T
Background B y Tio
Background a Q dpm

-4

Sample Vol. or Wt. o0 P

Date :‘._Q‘L) -—Tu\ .78

™ ; ’
Technician Eg_moﬁ €y

Sanpling zone A\-po.. #3 Type of sample  $,,]
SAMPLE NO.  uCi/g B v 160 /g W SANRLE D, uCTdg B uré?}g a
S EEY LT 0" 394 720%0°] 6
C-2- R .35 %0~ 0 2-1B 345 vo0 0 )

C-3 - zh q.0 Y./ 0 -6 0 3-2A 270%0° 7 o]
C-3-28 | 4.5 (07 o 23 2605077 o
Ce-3%h | 2,25 ,ua'g. 4l L ‘,‘udor/o'é’ <

-l ) Y g ] i 3-38 000" % O
C-7%-Hf 135 %0 a 2 ERda; 20 TS o
(-x-ue | Lepy,077 5 248 G.0vs5 )
C-2exa | 1352077 o 3-35A <Y Sow O
c-2-58 1 l.poqs0F 0 3-58 Cusevs®| D
C-%-bh u.soxww ) 3-5A Lyc Q. :.Boxw'S o
C-2-L8 | 9,9 y,;07¢ 0 3-5A dys §. 3“’5"/0-5 o
¢-2-74 q.a\,(;o“’ 0 3-61 2-251/0'5 O

| €-3-78 | y.55ys07" 0 364 135ys6°| 2

| e-3-84 | 405 v > 0 3.7 A 2709007 0
c-3-8a | 135677 0 398 y.ssxaTl D
C-2-9a | 2,70 y/07% o

¢2-98 | .35 4s6"3F o)

Key: * Net Results = pCi/g sample -~ u Ci/g background Error range + 2.3 X 10'5u Ci/g

V= vegetation C= control

S= s50il A= so0il surface 6 in. = soil sub-surface 6 in.

**Zero (0) indicates activity bellow detection limits of the Gas Flow Proportional

Counter,

-3




Lay .

Date

CENTER FOR ENERGY AND ENVIRONMENT RESEARCH
HEALTH AND SAFETY OFFICE

ENVIRONMENTAL SAMPLES SUMMARY REPORT

7€

Technician Ro_ma "

’o;ez

Instrument used Re-fl T R DS~
Background B8 v éo dpm /0
Background « 6 dom

Sample Vol. or Wt. 208 mq

Sampling zone_ijo:\ = 4 Type of sample G, ]
SAMPLE WO, cheitfﬁg B v ﬁgit/g a  SAMPLE NO. ug?}g By uréeft/g a
L= iR 296y ™3 o
U - 113 d.soy ® O
U: b i Q7 n‘/o-g o
L-2z®B 2 2 NS o
U_=u '.35';;D-g o
. %% U sox e o
- |
i 495 fig ~ ) ;
U- a3 55 ¥R~ o
56 225 a0 > o
U. 5 Vi Bo o O
Key: % Net Results = uCi/g sample - y Ci/g background Error range + 2.3 X 1075y Ci/g
V= vegetation C= control
5= soil A= soil surface 6 in. B= soil sub-surface 6 in.

“%Zero (0) indicates activit
Counter,

y bellow detection limits of the Gas Flow Proportional

-4




Date M.

CENTER FOR ENERGY AND ENVIRONMENT RESEARCH
HEALTH AND SAFETY OFFICE

ENVIRONMENTAL SAMPLES SUMMARY REPORT

‘79

1
Technician Ramo n PG’H" z

Instrument used g . (T

Background B ¥ _fo elpm /o

Background a
Sample Vel. or Wt,

o _dpm

Sampling zone A\—cc\ g Y Type of sample SDLTEM%_
SAMPLE NO, 1ﬁ$;;; B ¥y nglg o : SAMPLE NO. ug?}g E v u%%ag a
P odonn | LU.Sov" o llceu sien | iav v 0
C-y-02 z o I c-u-128 | n.soxno” e
¢ - B o b tc,-q_l%A U'SO#IO-U o
L.u-10 U,SO)!/D-b o [ C-4-13i3 cy.sovs5] o
¢ U284 | <cU.5ys0°° o C-Yy-idn 96 407 0
o.H.22 ) uoso )UU'(" 0 ‘C,q-/UB zdsvi5Y) o
Cod-2B | L.syw- 5 ¢ uoivh " )
¢-4-28 | .00 ys07® ° L-4-i513 ! 9
c-u-ub | vasyS | o C-y-ieh |4osyn| o
_(;.u-uB .00 iio"' 0 L-y-160 <q.swu“' o
|2 4-5h | Lys v o C~U = 1A H - 0
Sl . T8 100 vs0™> o -4 178 |%e0yi0® e
(-4 -bp cu.50x%n ° 0 C-4-18n| 3.6 WO'S o
C-u-oB| 13sat | o C-u-iga| wsexn®| o
_Cﬁ-‘-!-/bt\ l-%@ﬁ/o‘g 0 C-y- 198 4'4»50#/0-‘9 ¢
C-u-108 | V3syse> ) C-4-19p | w.s0wi5>| 0
C-u~-1ih I-goy;o"s o] C-4 - zoh AU-S‘O;UD"’ O
C-u-NB | 2u.goxsn"® 0 C-4- 28 " o
Key: * Net Results = uCi/g sample - u Ci/g background Error range + 2.3 X 1075y
V= vegetation C= control
S= soil A= soil surface 6 in,

I-5

= so0il sub-surface 6 in.

*%Zero (0) indicates activity bellow detection limits of the Gas Flow Proportional
Counter.

Ci/g




CENTER FOR EMNERGY AND ENVIRONMENT RESEARCH
HEALTH AND SAFETY OFFICE

ENVIRONMENTAL SAMPLES SUMMARY REPORT

Instrument used FCC T

Background B v cdom i
Background o fo) ;dpm

Sample Vol. or Wt. o

Date Q§0?T . 1978

rl
Technician Bgm o'\ Eg\.c 3

Sampling zone A:pg o 5

Type of sample Sgif o Vee;.

SAMPLE NO, cheit/*g B v Egit/g a  SAMPLE NO. ug?}g By uré%t/g a
=S 1h | 1pg 0 % o™ £.3a V.o o
€-S-in | 353077 o 5.3 3 20w o
L-3-2h has g’ ? o} 4 -4 A Yq.05 f/JT o
€-5-28 | 4.95 077 0 5-46 . 0
C-5- 38| 9o00viom® O Ueas- A 9.00%/5° o
(%L aB | o5 v0™Y o ljp%;. 2 y.S0v 0 ° 7
oS- HR U-jox/u'f o
L-5-4p 2.2 A O

C-5- 54| 456 w7 2]

C-5.68| 2. 25 we” o
C-5. g h) 2 zevie? 0 -
C-5- (B 3szx0"7 e

C-5-7a] 4.9s5v,0°7 o
C-5-4981 6-36 w07 0

S~ A | HoF v o

5.8 .05 ws0" 7 o

5.2/ | zeswo” o

5. 2B | v.e0nied o

Key:

V= vegetation

S= soil

C= control

A

soil surface 6 in.

* Net Results = uCi/g sample - u Ci/g background

Error range + 2.3 X 10-5y Ci/g

B= soil sub-surface 6 in.

**Zero {(0) indicates activity bellow detection limits of the Gas Flow Proportional
Counter,

I-6




CENTER FOR ENERGY AND ENVIRONMENT RESEARCH
HEALTH AND SAFETY OQFFICE

ENVIRONMENTAL SAMPLES SUMMARY REPORT

pate __oept. 78 Instrument used Pec - |17
Technician Rﬁ!’hb‘h Pe\:c?_. g:z:g:gﬁ:g : Y _S_Iprm Lie
Sample Vol. or Wt. 2oo m
Sampling zone bnrva;- g7 Type of sample SOJ;—'—%__
SAMPLE NO, ;queit/*g £ v Sgit/g a_ SAMPLE NO. ug?}g B Y pré?t/g a
- ih | 2o2egar® o™ n-1h lewmyn® o
L-7-.48 & (5] 7- 13 G.0ys0° o
LA | 2T Dx%/0 b T 28 4.50 ,uo'b 2]
L-T- 281?99 v o T- B 12540 ©
L-- 34 3 9 7- BO | 190460 | o
 {-7- % {180y 07 o ENCY- U, owis® o
h_‘;___'?_- dinj 270 wo'f o 7. 44 270 el 0
C-7- 4B | I 80xso"> 2 7-HB | 9oayC o
e-1-5A | zoesvs™| o - 58 | 25y 2
C-1-531 2. 70¢so"7 o 7- 58 | ~Nasvim o
C-1-LA | %00 v 0 7- 64 | 225 e o
C-1-¢8R & 0 7-08 135 G 0
(-1-7A ] <usoye | o
1Y 0
C-1-BA | 270ws0° 73 o)
L-1-28 119 xs0"3 o)
C-7- 9% |el Sovs0® o
C-1-3g | 4.s5pvws0®] O
Key:  * Net Results = pCi/g sample - p Ci/g background

V= vegetation

S= soil

C= control

A

soil surface 6 in.

Error range +2.3X IO'Su Ci/g

B= soil sub-surface 6 in.

*%Zero (0) indicates activity bellow detection limits of the Gas Flow Proportional
Counter,
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Date U;‘_-uamker

CENTER FOR ENERGY AND EHVIRONMENT RESEARCH
HEALTH AND SAFETY OFFICE

ERVIRONMENTAL SAMPLES SUMMARY REPORT

1478

r

. i ~ i
Technician ﬁgmon Lyey

Instrument used Pcc -nT

Background B vy
Background a

56 dpm 70
O ctpm

Sample Vo!, or Wt. o0 M q

Sampling zone A“- H e Type of sample S,/

SAMPLE NO. uNCeit/;':g By Sgit/g o SAMPLE NO.  utilg B v uht’:eit/g a
C-B-1p 2'70\;’/0‘5 5 3-con A 4’-’~/151:‘a_,ua'E 0
c.g-18 1 vy uu” o B.Conl, 3 z o
T ;.35,{10'5- ) $- A 595 w5 o
C-8-26 | 313 el o) ¥ - 113 -’-U-SOWU-Q o
C-8- A ] Q,onuo-r o) v - R 9'00\1156- O
C-3- 48 3.00¢0°¢ 0 3 —1R 630w 7
(-B-4p z-".’o\L/o—T o
C-B- b | s w2 o
C-g-34 | 24U soyw® 0
c-p-28 | wgsynT 0
L8 eh | 2usuyig® o
C-8-¢ 2:70 x;o‘{ O

9 24 | u9syn? 0

$~28 | 90y ® o

B4 | 270vs0"7 o)

& HE v 0

S-5h | v x> 0
£-58 |¢el.s0vs0™ 0

Key: * Net Results = uCi/g sample - u Ci/g background Error range + 2.3 X 10~5y ci/g

V= vegetation

S= soil

C= control

A= soil surface & in.

B= soil sub-surface 6 in.

#*Zero (0) indicates activity bellow detection limits of the Gas Flow Proportional
Counter.

1-8
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Bidg.c5/ ES\K Room L4 T-T

late

Taken vqﬁuﬂ?.nﬂfﬁv _\.& i

Counted by ‘< w e /e
Date counted 3/ Apiil 15

ra

71

HEALTH PHYSICS ASSAY REPORT

on ext.

[nvotify_ L
of resulrs. ﬁwuzoﬁmm_ma.
_.IH_ Send copy of report to:

Code__

T e e e

To be counted for

[JaLrHa

Background

BETA-GAMMA
Background 3

c/m Geometry

HE.UM -7
c/m Geometry 77

Beta~

identiflcation of Samples:

Sample Beta- Sample
Number Gasmma Aligha Number Gamma Alpha
. = oo

‘ a Q s
2 ] /é G
g ¢ 17 ¢
.\.\: ﬁ; \ T ﬁ;
7 0 I 0
2 & z '

= S e — O e I —
7 0 3.} ¢

¢ C 2 A C

7 0 23 0
/e C 7t ¢

- . i —- SR R ——

It o) 2 (@]

52 o 26 O

; i . ¢
Remarks: #% 7ero (0) indicates counts bellow detection limits
of Proportional Counter
i i 4 4 § ¥

Ty 0 Area A~ Lab T'E &) Veuvefe

1A-1



sidg. & Lo eRoom Lo TIT [ Motify

Date

Taken by qm. ..\.,«-.D\PL‘ mmw

Counted by J¢ . c e

Date counted 3/ 4o/l 1576
indicates counts bellow detection limits of the Proportional Counter

e NGF\D AOU

Sample
Number

Beta-
Garma

Alpha

29

Q FE

30

¢

¢

0

)

>

i T.l.lar e rwas s

ol

N

HEALTH PHYSICS ASSAY REPORT

of results,
MHHwosn copy of report to:

on ext,

R

[hhorified.

Code

To be counted for

CJacena
Background _e/m Geometry
BETA-GAMMA BE~IT

Sample
Number

43

Beta-
Gamma

Alpha

Background 3 <’ 'c/m Geometry 2 77

Identification of Samples:

5%

£ Vevde
Airea \L ~lal H...NNH

TA-2



HEALTH PHYSICS ASSAY REPORT

Date

Counted by

m_am.mw.vmcﬂxmmooa %nm.qumMm ﬁu Notify on ext._ To be counted for
Fpies L 77 of results. [l kotified, ﬁuu”rv”> ] -
- « g ] Send copy of report to: ackgroun c/m Geometry
Taken by (Wt e b Lioen Py po et
=y P L Code BETA-GAMMA s P ST
il umm‘ Background 3 O ¢/m Geometry 2 77
Date counted 2/ Ao ,~"| 1925

mits of the Proportional Counter

Identification of Samples:

Zero {0) indicates counts bellow detection 11
Sample Beta- Sample Beta-
Number Gamma Alpha Number Gamma Ripha
p— e o .t‘::si-ﬁ::

L o

58 e

.m’ nw h\,.

ey e

&! Ke;

3 A e

(3 o

s &

(s N

b AV el sy vy BT e e SR S S A S——" Inl\.l_ I ¢ = —— i
té ¢
. T o le e ————

67 e,

48 O

] - S B
Remarks:

mw \ Tﬂwv>nxbw
\A?&Q \At \!Sm \H\..\ﬁu

T1A-3



8idg.t{ Vesni Room

Jate ;-

!
a5

e

Taken by 4-L'¢cnacy,

Counted by
Date counted p .-/ 2, /977

7

/ .@\\w\.ﬂkﬁ_

HEALTH PHYSICS ASSAY REPORT

[ ] motify _

; of results
ate oo Emnna copy of report to:

. on ext.

Caorified.

Code

i Zerp (0)
Sample Beta-
Number Garma Alpha
\ ﬁ.y e
2 O
3 !
.‘,.\, ﬁ_
) O
7 O
2 ¢
4 o)
/C 0
// C
s ¢
i
Remarks:
{ 3

indicates counts bellow detection limits of the Proportional Counter

To be counted for

CJaLpHa

Background ¢/m Geometry

[QBETA-GAMMA TS -2
Background 2 9 °'c/m Geometry 2 %7~

Identification of Samples:

Nomber | Goma | ATPR2
— = ‘
I ¢
‘7 ¢ {
¥ C

§ o

— | S S
i c

= c | |

— e+

D e A L RS

PN

R . oy

El Vevdy A\Amo.\b.\qﬁx

Area B

1A-4



HEALTH PHYSICS ASSAY REPORT

on ext.

——— e

[ ] Notify e
of results chi?&.
MJ Send copy of report to:

8ldg. &7 “brh&xooa
Late Ly o 2

Taken by \Q r&f&&q;? Ui
founted by x.m LE R
Date counted \Aw.?\l 3:/978

+% Zero (0) indicates counts bellow detection limits of the Proportional Counter

Code

s 8

To be counted for

[JaLPHA

Background
. ] BETA-GAMMA .

LT

c/m Geometry

P =
c/m Geometry 2 7

Background "4 J

Semple Beta- Sample Beta- . ; .
ot p Alpha e sl Alpha Identification of Samples:
-~ G TRy - ., 0
i o mK n\.@_\n\& \.ohc.\h\oﬂm\
23 ¢ 37 ¢ mw
5 7 5 oy < £
7 & 36 5, k\\ 9 R
25 ¢ 79 ¢ <
¥ i 4§40 o
H z </ o
T U S e i s o S, e A
2.9 £ o4 2 &
2 7/ I T
3 O
S— (PRSI N O —
31 O +
3Z 2
33 v
— UL S p—— —— —— L— —
L
— - 1 -t s
Remarks:
q % § .m. i



Uate

Blag. £/ twsgyRoom
), N

.
A ' .

Taken by__

Counted by “w / crevi.

Date counted \hff.i..__ R IGIR

D Hotify

of results.
ﬁJ_mn:a copy of report to:

HEALTH PHYSICS ASSAY REPORT

on ext.

Tl kotified.

__ Code

To be counted for

[CJavpha

Background c/m Geometry
BETA-GAMMA o S5
Background 2 9~ c/m Geometry A.7)7

Zere (D) indicates counts bellow detection limits of ﬁjm.m1MMOﬂﬁﬂ03mm Counter

Sample
Number

Beta-
Gamma

e

Alpha

\\.\, _ ..n.,,_

\.U ]

i

'

BEOF

W.w

Y6

.

s

LR 4

_{ﬁ

@

o i v o e

s/

5 A

| B

Remarks:

Sampte

Beta-

Identification of Samples:

Number Gamma ke
pu i o .

K >

57 ¢

> _— u.,w U S
G-f 0

L2 ok

63 o |
(o )

GE 0

il S
¢7 ¢

_ee Lo} ]

S Vevclt Lalore dory
L_\&\mr - mw

1A-6



HEALTH PHYSICS ASSAY REPORT

Bldg.o/ tgryfRoom [QMetify___  _ on ext. _ To be counted for
Lote of results, gzoi?ma. Dwrv”.p 5 m G .
Taken by 4o ‘.\w..x.\wﬂf _IH_ Send copy of report io: ackgroun c/m DWO.HEN\Q
AL L o Code [7] BETA-GAMMA s
Counted by £ o/ 7 Ll e e Background 2 Té/m Geometry
Date counted 4wl 3 /908 2
% Zero {0) indicates ccunts bellow detection limits of the Proportional Counter
Sample Beta- Sample Beta- ldentification of Samples:
Number Ganmsna Alpha Number Garmma Alpha e
TR A R
> ...J.;..n - ﬁ\) . 2
y 2 6s” e F\@Yo\rm %ams va .\u 7
'y o B 0
73 h. M\ 2 C \Q €S- W &
Tt 4 & ra ¢ a._m
/3 v Q7 ©
7 ¢ e g o
—— JT<|I.UI.\. PR B /I NI e l..llrllil...!i...lll_
g C &/ O
/Y ¢
7% 0
§C o
.ra.,l;‘ e o
gt | ¢
g2 o 8
> =
N.J. ,.P\r i
Remarks:




HEALTH PHYSICS ASSAY REPORT

Bidg.~ \\k ‘pRoom -~ -, #\9 D Notify _ on ext. To be counted for
Date v o» 2,0 o of results, Dzoi?wa. Drrvxb
Taken by Y° W.a : Send copy of report to: Background ¢/m Geometry
dounesi b > s : o Code__ [F] BETA-GAMMA FAR-ES -4
o Background_Z ¢ -"c/m Geometry J 77

/g p
Date counted D £¢, /9, 5/

+% Zers (0) indicates counts bellow detection limits of the Proportional Counter

Sample Beta- Sample Beta~ .
Nomber e Alpha Number il Alpha Ident{fication of Samples:
\L O P )
\ m\ \m\m\m h&hc\&;\ﬁ\c\ k?ﬁ&.\ .%
N!\L Q fm;n_ﬁu.\.hﬂhmob_—i
3 A o
[ S -]
as | © )
5 A Q
En O
7A O
. SISIIS SR J—
o AR o T TR M ot [ ———— ..!‘!-.c.s,zv..J PP N Rppa—
e S SPRUIENIR SR
. = - - -
Remarks:




Bldg.2/ ._\&mmu.._ wooahn <q .\U Dzoﬂ_:

of results.

ate

\: e,

...

Taken by 5. nu)PruhP

o
Counted by mm.m\mn \..,mw

Date counted _Fpril 3,476

% Zaro {0) indicates counts bellow detection Pimits of the Proportional Counter

HEALTH PHYSICS ASSAY REPORT

on exk.

+ g

M TNe ified.

ﬁw_mnnn copy of report to:

Code

To be counted for

[ JALPHA
Background c/m Geometry
BETA-GAMMA os-17T

Background 20~ NOta\a Geometry 2

Sample
Number

Beta-
Gamma

Alpha

0 Yot

0
o
0
¢
¢

ISR —

Sample
Number

Beta-
Gamma

Alpha

Identiflication of Samples:

/5

b

¢

/¢

0

~
©

N
S

o

©

oflaliojo|a|o

-
Ly

3

™

2

/7
/€

o

&

A R —

19

SR

27

Remarks:

_RE

£/ im\n\,m Lol mk\\
\\_\.&A & ond Shops

1A-9



HEALTH PHYSICS ASSAY REPORT

Bidg. M\\m&&ﬁ xog\%wmﬁﬁ wv D Notify  __onext._ To be counted for
Date S i of results. hw et fied. Dz._u:» d /m G
TEks v«.Lm. Qs - _— M.u Send copy of report to: Rackground _ ___ £dm woaom_i
\ \« Code BETA-GAMMA e 0SS~ 2
Counted by e frciany . Background_2 9~ c¢/m Geometry 2 N~

Date counted \\\TL 3LDF

7 Zero (C) indicates counts bellow detection __3_3 of :Jm P‘ouo:_o:m_ Counter

w_ﬁw W.mm Alpha m_n__“nhw NMM& Alpha Identification of Samples:
29 | o* 43 | © El Vevde Lo bilding
30 0 4 e
3 ¢ N s | \ﬁ.\&mﬂ. G Bonef Chops -
32 | © i o x
33 0 47 @)
34 ¢ — 8 1 9 4]
35 7 &4 o
30 ¢ 50 &
37 e 1 s/ o s
3 0 - 52 m..a; 1
39 o 53 o |
Y i () ] S &
— 1 e = ,l e ]
e K se Lol
Remarks: o




HEALTH PHYSICS ASSAY REPORT

Bidg.£f xsbas & o1 Q [ Noti fy 8 .,
Uate ;! i of resutlts. Gzcim.ma.
Taken by §- O.ovs&.n _;1_ Send copy of report to:

) N Code

Counted by \Um\hnﬁnx O

Date counted m‘mn__m_ 1998

=% Zero (0) indicates counts bellow
Sample
Number

Beta-
Gamma

Sample
Number

Beta-

p Alpha

Alpha

To be counted for

[Jarpna

Background c/m Geometry

BETA-GAHMA , bs-2
Background_2 G 1%c/m Geometry_2 7~

detection __a_wm oﬂ the 1ﬂouoﬁﬁ_o:m_ Counter

identification of Samples:

e

57

S8

59

£C

é/

T1IQ]O O

R
€3

SR — mam. e v e —

e

Q

R eyl 4l Tt m T

S ——

Remarks:

Smears m,\\ va\n\& ﬁnw\w\tna\o

Area ¢ and Shops

TA-11



HEALTH PHYSICS ASSAY REPORT
gidg. 4#00._._%“& wv D Notify on ext. To be counted for

Date \.\‘\,a - of results, ﬁmﬂzcﬁﬂﬁ“ma. ﬁmubrvzr
Taken by 5 Qor\_&m [T]Send copy of report to: Background__ ¢/m nooaﬂ.w._,t«
) Code BETA-GAMMA ps-
Countad b e s B e
ed by_ Do ng h L3 Background nNiM\a Geometry 2 7

Date counted Nm?: nmwnb

*% Zero (0) indicates counts _um:oz detection limits of the m._.o_uol:o:m_ Counter

n““uhn Mnhnm Alpha n”unww MmhMM Alpha Identification of Samples:
€4 o 76 | 0 gl Verde Lab mf.\s{
¢s & 79 0
¢e o _ 8o | o Avea C ond Shops o
67 o gl o =
68 (o g2 iM
69 ¢ . g3 0
70 c B o |
71 & 85 o
72 o 8¢ Y
73 o g7 0
7H % g8 o |
75 o i g7 o
2 I Y R 7 R
77 0 71 ‘q;>,e-fl
Remarks: -




HEALTH PHYSICS ASSAY REPORT

: 4 .
8idg. Room 44 ¢ei ﬁ\w D Notify on ext. _ To be counted for
Date of results. D Noetified. D»rv:_p
Yaken by S Germ o2 Dmn:a copy of report to: Background ¢/m Geometry
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APPENDIX 2.

Soil Samples Analyzed in the Germanium Lithium Spectrometer *

VEGETATION

AREA SAMPLE NO CONTAMINATED NOT CONTAMINATED

4y 3 Cs-137

2 6 X
2 5 X
8 4 X

SOIL

2 6 AEB X
2 5A&B X
3 4 AgB X
i Base of tree Cs-137

4 Resin of tree Cs-137

5 5A&88B X
5 6 AEB X
7 7TAEB X
7 BAsB X
8 1A&B X
8 2AEB X
8 6AEB X
8 Control 1t 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 Gas Flow Proportional Couater

SAMPLE NO. uw Cifgm + 2.3 X 1075
i 2.70 x 107>
2 540 x 107 °
3 4.05 x 10°°
5

4 1.80 x 10

-1
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This Coji; bs For Your Fitss  MATERIALS LICENSE

Pursuant o the Atomic Energy Act of 1954, a5 amended, the Energy Recrganization Act of 1971 (Public Law 93 438), and Title 10,
Code ol ! ederal Fegulations, Chapter 1, Parts 30, 31,32, 33,34, 35, 3¢, 40 and 70, and in reliance on statements and representations
heretofore made Ty the licensee, a license is hereby issued authorizing the licensee to receive, acyuire, possess, and transfer byproduet,
source, and specin! nuclear material designated below: to use such material for the purpose(s) and at the place(s) designated below; to

deliver or transfur such material to persons authorized to receive it in avcordance with the regulations of the applicable Part(s);

import such bypreduct and source material. This license shall be deemed to contain the conditions specified in Section 183

and to
of the

Atomic Puoergy Acr of 1954, as amended, and is subject to all applicuble rules, regulations and orders of the Nuclear Regulatory

Commission now or hereafter in effect and 10 any conditions specified below,

Licensee

,,,,,, T =

|
: X . ' 3. Licens e
L University of Puerto Rico 3. License number

i 52-19434-02
Center for #nergy and Fnvirommental i
Research | - -
2. Caparva Beivhts Station ;d Expiration date
San Juan, Puerto Rico 00935 fo _March 31, 1987

i 5. Docket or
. Reference No.

6. Bypfcuiuc? .:rmr.ce-,_.zlriiﬂr;/or 7. Chemical aml/or physical

8. Maximum amount that licensee

specia] nuclear rmaterial form may possess at any one time
under this license

A. ydrogen 3 A. Arty A. 4 curies

B. Cesiuan 137 B. Any B. I millicurie

9.  Authorigzed use a

A. and B. For use in field experiments.

CONDITICNS

1. Licensed material shall be used only at Caribbean National Forest, Luguillo
Forest, El Verde Research Station, Puerto Rico.

11l.  The licensee shall camply with the provisions of Title 10, Chapter 1, Code
of Federal Regulations, Part 19, "Notices, Instructions and Reports to Workers:
Inspections” and Part 20, "Standards for Protection Against Radiation."

12. Idcensed material shall be used by, or under the supervision of, Jeffrey Carl Luvall.
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l License number
|

MATERIALS LICENSE o 221943402
ocket or Reference number
SUPPLEMENTARY SHEET

CONDITIONS

13. Licensed material shall not be used in or on human beings or in products
distributed to the public.

14. A, Individuals involved in operations which utilize, at any one time, wore
than 100 millicuries of Hydrogen 3 in a non—-contained form, other than
retallic foil, shall have bioassays perfommed within one week following
a single operation and at weekly intervals for continuing operations.,

[be)

{1)  Tritium shall not be used in such a manner as to cause any
individual to receive a radiation exposure such that urinary
excretion rates exceed 28 microcuries of tritium per liter when
averaged over a calendar quarter.

{2} Urinalysis shall be performed at weekly intervals on all individuals
who work in the restricted areas of facilities in which tritium is
used. If the average concentration of tritium in urine for any
single individual during a calendar quarter is less than 10 mi.crocuries
per liter, urinalysis may be performed on that individual at monthiy
intervals for the following calendar quarter and may continue at
monthly intervals so long as the average concentration in the
calendar quarter remains below 10 microcuries per liter. The urine

specimen shall be collected on the same day of the week inscfar as
possible.

(3} A report of an average concentration in excess of the limit specified
in B(1) above for ary individual shall be filed, in writing, within
thirty (30} days of the end of the calendar quarter with the Office
of Inspection and Enforcement, U. §. Nuclear Requlatory Camnission,
Washington, D. C. 20555, with a copy to the Regional Office of
Inspection and Enforcement. The report shall contain the results of
all urinalyses for the individual during the calendar quarter, the
cause of the excessive concentrations, and the corrective steps taken
or planned to assure against a recurrence.

(4) Any single urinalysis which discloses a oconcentration of greater than
50 microcuries per liter ghall be reported, in writing, within seven
(7) days of the licensee's receipt of the results, to the Office of
Inspection and Enforcement, U. S. Nuclear Requlatory Commission,
Washington, D. C. 20555, with a copy to the U. S. Nuclear Regulatory
Camission, Region II, Office of Inspection and Enforcemnent, 101
Marietta Street, Suite 3100, Atlanta, Georgia  30303.
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15.

MATERIALS LICENSE
SUPPLEMENTARY SHEET

Excaol as gpecifically provided othervise by this license, the licensee shall
c 58 and use licensed maierial described in Ttems 6, 7, and 8 of this
license in accordance with statements, reprasentations, and procedures
contained in letter dated Deceanber 20, 1931.
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Fccnse numbgr
L ._52-19434- . _ o _

Docket of Reference o nber

Lo

I

CONDITIONS

The Nuclear Requlatory Commission's
lcensee's statenents in applications or letters,
restrictive than the requlations.

For the U.S. Buclear Regulatory Commission

//%4%’/” 2 , ég Z

L] i
NAR 03 1532 By Material Lice.x}sin Branch 3
T Division W Fad Cycle and |
Material Safety 5
Washington, D.C. 20555 Jﬁ:
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Rosearch

Cemarra Helghts Station

{ Szn Juon, Puerto Rico 00935
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ALY

I» accordance with letter dated August 4, 1982, License NMunbor 52-19434-02
is amerwled as follavs:

Corditions 10. and 12. are amended to read:

5 10. licens=d material shall be used only at Carilhean National Forest, Lugquitlo
Torest, BEL Verde Research Staticn, Puerto Fico.
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Fig. 1. Map of Puerto Rico Showing the Location of Luquillo Forest

and El Verde Research Area.
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Fig. 2.

Schematic Map of El Verde Research Area Showing the Cs-137

Radiation

Center and Approximate Location of the 80m and 160m radii.
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Fig.

3. Laboratory Area, El Verde Research Station.
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Fig. 4. Detail of Old Laboratory Building, Area A, Numbers Indicate

Survey Points, See Appendix 1a for Results.
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Fig. 5. Detail of Old Laboratory Building, Ar

Survey Points. See Appendix 1A

ea B, Numbers Indicate

for Results.
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Numbers

Fig. 6. Detail of Old Laboratory Building, Area C and Shops.
Indicate Survey Points. See Appendix A for Results.
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Fig. 8. Radiation Levels, Expressed in uR/hr, in the Laboratory Area.
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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. 10. Radiation Levels and Sampling Locations in Area 3.

See Appendix 1 for Results of Samples Analyzed.
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Fig. 11. Radiation Levels and Sampling Locations in Area. 4,
See Appendix 1 for Results of Samples Analyzed.
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Fig. 12. Radiation Levels and Sampling Locations in Area 4.
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See Appendix 1 for Results of Samples Analyzed.
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Fig. 13. Radiation Levels and Sampling Locations in Area 7.

See Appendix 1 for Results of Samples Analyzed.
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Fig. 14,

Radiation Levels and Sampling Locations in Area 8.
See Appendix 1 for Results of Samples Analyzed.
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Fig. 15,

AREA #8 €| Verde
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Fig. 16. Radiation Levels, at the present time, in Area 4.
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