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ABSTRACT

Measurements of "natural background!'
radiation levels (including fallout contri-
butions) and of perturbations in this back-
ground attributable to Laboratory opera-
tions have been obtained on site and in the
vicinity of Brookhaven National Labora-
tory. These perturbations include con-
tributions from the gaseous and air par-
ticulate effluent of the stack of the Brook-
haven Graphite Research Reactor, from
multicurie field gamma sources, and
from the discharge of low-level liquid
wastes into the headwaters of the Peconic
River,

The natural background external radi-
ation level declined to an average of 2,93
mR/wk during 1964. No increment was
perceptible from fallout from the first
Chinese weapons test, which was detected
here late in October. The highest yearly
on-site level attributable to Laboratory
operations was 3.22 mR/wk (for 168 hr),
well below the established radiation pro-
tection standards for individuals in con-
trolled areas. The highest yearly radi-
ation level at the perimeter averaged 2, 57
mR/wk, to which the ecology forest con-
tributed 1.59 mR/wk; the balance was
from Ar*, The total is 26% of the estab-
lished yearly standard of 500 mR for indi-
viduals in uncontrolled areas.

No airborne radioactivity attributable
to Laboratory operations, other than I'*,
was detectable during routine environ-
mental monitoring. The yearly average
gross B concentration of samples counted
after a 30-hr delay (to allow for the decay
of almost all the natural radioactivity) was
1.10 pCi/m”, with a l-day maximum of
9,27 pCi/m® on October 28,

The possibility of using the low level of
I*°' as a meteorological tracer to study
stack effluent dispersion prompted a more
intensive effort to sample and evaluate
very low environmental concentrations of
airborne I**' during 1964. The highest
yearly average at the perimeter was de-
termined to be 0.0037 pCi/m®, which may
be compared with the radiation protection
standard concentration of 100 pCi/m°® in

iii

uncontrolled areas. Fallout I*®! from the
first Chinese nuclear weapons test was
also present in an average concentration
of 0.0062 pCi/m® from October 28 to
November 29.

The activity in precipitation declined to
an average of 78 mCi/mi®/mo. The aver-
age concentration was 339 pCi/liter.

Liquid wastes discharged to the head-
waters of the Peconic River averaged 72
pCi/liter, about 6.7% of a calculated radi-
ation protection standard that assumes the
Sr®° content to be 20% and the balance of
the isotopes present to be "unknown'" ARor
v emitters. Monthly downstream ''grab"
samples from the Peconic River ranged
from 115 to 14 pCi/liter, while those from
off-site control locations averaged 17
pCi/liter. The highest concentrations of
individual isotopes in bottom sediments
(11.2 pCi/g of Co®°, 6.9 pCi/g of Cs?’
and 1.3 pCi/g of Ce***) were found between
the on-site outfall and a point about a mile
downstream from the Laboratory perim-
eter. A similar distribution was found in
underwater vegetation, the highest con-
centrations being 34.3 pCi/g of Co®°,13.3
pCi/g of Ce'**, and 4.0 pCi/g of Cs*®7.
Concentrations in both sediment and vege-
tation were found to decline to near back-
ground levels beyond three miles down-
stream,

The concentrations of I*®! in routine
monthly milk samples obtained from sev-
eral nearby farms were all <10pCi/liter,
except for a brief time early in November.
The applicable Radiation Protection Guide,
assuming an intake of 1 liter/day, is 100
pCi/liter,

The environmental monitoring program
has established that during 1964 radiation
levels attributable to Laboratory opera-
tions were maintained well below the es~
tablished radiation protection standards of
the AEC for external exposures, air par-
ticulate concentrations, and liquid effluent
concentrations. Radiation levels attribut-
able to fallout were also well below these
established limits.



1964 ENVIRONMENTAL MONITORING RADIATION LEVELS
AT BROOKHAVEN NATIONAL LABORATORY

INTRODUCTION

Environmental monitoring data have
been obtained in the vicinity of Brookhaven
National Laboratory since 1949. Annual
reports of the information were instituted
in 1962, Up to the present, these re-
ports®s ® have been published primarily to
document the record levels of fallout that
occurred following the resumption of at-
mospheric testing of nuclear devices in
1961. The decreasing levels of fallout in
the environment have facilitated some cur-
rent investigations of low-level additions
to environmental radioactivity originating
from the Laboratory. The 1964 report
makes available both the fallout data and
the results of the investigations of local
effects.

The evaluation of radiation levels in the
vicinity of the Laboratory site is per-
formed by the Environmental Monitoring
Section of the Health Physics Division.
Laboratory operations contribute three
principal additions to the local natural
background radiation: (1) gaseous and
particulate radioactivity contained in the
cooling-air effluent of the Brookhaven
Graphite Research Reactor (BGRR) and
the Medical Research Reactor (MRR), and
in the off-gas of the Hot Laboratory (dis-
charged from the BGRR stack); (2) radi-
ation from two multicurie field ¥ sources;
and (3) the low levels of radioactivity con-
tained in liquid wastes released to a small
stream that forms one of the headwaters
of the Peconic River.

Natural background and radiation levels
attributable to Laboratory operations dur-
ing 1964 are summarized in this report.
Although much reduced from the record
1963 levels, fallout from the atmospheric
testing of nuclear weapons during 1961 and
1962 was observed in 1964 in many types

of environmental samples. Some fresh
fission products were also evident for a
brief period after the Chinese weapons
test in mid-October. While the identifi-
cation of fallout is only an incidental as -
pect of the Environmental Monitoring
Section's activities, such information
about fallout radioactivity levels as has
been obtained is summarized.

Among the data reported are external
whole-body exposures, air particulate
concentrations, rain and settled dust col-
lections, milk and grass concentrations,
liquid effluent concentrations, and off-site
stream liquid, silt, and vegetation con-
centrations.

EXTERNAL
EXPOSURE MONITORING

Environmental radiation levels, in-
cluding natural background (as influenced
by fallout) and the increments attributable
to the reactor cooling-air effluent and the
ecology forest sources, were monitored
continuously at seven fixed monitoring
stations. As indicated in Figure 1, two of
these stations are on site, four are at the
perimeter, and one is off site. (A third
on-site station, E-10, adjacent to the
former Health Physics administration
building about 500 meters southwest of the
BGRR stack, was discontinued during
1964.) The equipment of each station in-
cludes an ion chamber and dynamic capac-
itor electrometer assembly (described in
detail in ref. 3), which is capable of ac-
curately measuring <10u R/hr and of de-
tecting changes of the order of 1uR/hr.
Although information about the instan-
taneous dose rate up to about 0.5 mR/hr
may be obtained from these units, nor-
mally the integrated radiation over 4-hr
periods was used to obtain weekly aver-
ages, and these in turn were used to com-
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Figure 1. BNL environmental monitoring stations.

pute the monthly data presented in Tables
1 to 4.

Monthly average gross external radi-
ation levels are set forth in Table 1. For
convenience in making comparisons in this
and immediately following summaries, the
stations have been grouped according to
location on site, at the perimeter, and off
site.

Since the established radiation protec-
tion standard* of 500 mR/yr for individ-
uals living in the vicinity of the Labora-
tory is in addition to natural background,
determinations of the latter are routinely
made. Natural background levels, as
measured by 6-liter atmospheric pres-
sure ion chambers which reflect some
deposition of fallout radioactivity, are re-
ported in Table 2, and a monthly "all-
station' average background level is shown
in Figure 2. These ion chambers are now
positioned 2 ft above the roof of each
monitoring station. Measurements made
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Figure 2. Monthly average background radiation
levels, 1964.

“at this height are in close agreement with
“those made at 3 ft above the ground sur-

face in the vicinity of the stations. Prior
to 1964 the ion chambers were positioned
6 in. above roof level. At this elevation,
background measurements were about
1-1/2 times comparison measurements
made at the 2-ft elevation. Yearly natural
background levels (including fallout) from
the initiation of observations at this site
in 1949 to the present are indicated in
Figure 3. The maxima for 1959 and 1963
are the result of large series of weapons
tests in 1958 and 1961-62. The data were
adjusted to correspond to the present ele-
vation of the ion chambers.

Natural background at a given station
is assumed to be the radiation level pre-
vailing during the portion of the week when
meteorological data and an inspection of
the 4-hr integrated radiation indicated that
the reactor plume had not been in the
vicinity of the station. Reactor shutdowns,
as well as the operation of the ecology
forest source, were also taken into con-
sideration.

The only measurable increase above
natural background attributable to Lab-
oratory operations at most of the moni-
toring stations is caused by the activated
Ar*' component of the BGRR cooling-air



Table 1

1964 BNL Environmental Monitoring
Monthly Average Gross Radiation Levels, mR/wk

On site Perimeter Off site

Month E-10 E-11 E-12 E-2 E-4 E-T E-9 0-6
Jan. 3.06 3.85 3.94 2,65 2.82 3.06 5.10 2.47
Feb. 3.30 4.45 4.00 2.52 2,74 3.72 4.11 2.38
Mar. 3.99 4.87 5.81 2,97 3.32 3.78 5.80 2.69
Apr. 4,12 5.51 6.62 3.45 3.39 3.84 5.73 2.86
May 6.33 5.08 T7.10 3.26 4.04 3.66 6.22 2.94
June 4,99 6.65 8.75 3.38 3.62 3.99 6.68 2,99
July * 4,95 9.21 3.19 3.35 3.93 17.80 2.86
Aug. 4,81 8.66 3.11 3.38 3.75 6.93 2.86
Sept. 6.07 6.78 2.91 3.48 3.38 5.90 2.72
Oct. 5.58 6.11 2.60 2.76 3.75 5.29 2.64
Nov. 4.86 4.36 2.88 2.78 3.45 4.93 2.50
Dec. 6.33 4.95 2,21 2.40 3.15 4.37 2.26
Av 5.25 6.36 2.93 3.17 3.62 5.74 2.68

*Station discontinued July 9, 1964.

Table 2

1964 BNL Environmental Monitoring
Monthly Average Background Radiation Levels, mR/wk

On site Perimeter Off site

Month E-10 E-11 E-12 E-2 E-4 E-7 E-9 0-6 All stations,av
Jan. 2.69 2.60 2.39 2.50 2.69 2.63 3.65 2.37 2.69
Feb. 2,79 2,99 2.33 2.41 2.66 2.80 2.59 2.27 2.58
Mar. 2.98 3.09 3.08 2,77 2.81 3.13 3.25 2.63 2.96
Apr. 3.13 3.16 3.12 2.91 3.00 3.40 3.37 2.72 3.10
May 3.51 3.44 3.10 3.01 3.05 3.42 3.39 2.85 3.18
June 3.52 3.49 3.18 3.11 3.20 3.47 3.32 2.88 3.24
July * 3.34 3.04 3.11 3.03 3.52 3.45 2.83 3.19
Aug. 3.25 3.16 2.92 3.00 3.38 3.42 2,83 3.14
Sept. 3.39 3.10 2.83 2.87 3.27 3.20 2.70 3.05
Oct. 3.05 2,84 2,51 2.60 3.05 2.91 2.63 2. 80
Nov. 2.85 2,78 2,58 2.58 3.09 2.91 2,48 2.75
Dec. 2.60 2.44 2.16 2.30 2.74 2.56 2.24 2.43

Av 3.10 2.88 2.74 2.82 3.16 3.17 2. 62 2.93

*Station discontinued July 9, 1964,




effluent. Kanne chamber measurements
indicated an average Ar*® stack concen-
tration of 1.8 x 10~ pCi/cm® during 1964
and a discharge of 20, 600 Ci/day of 110-
min half-life Ar*' while the BGRR was in
operation at close to 20 MW. Although the
MRR stack concentration of Ar** is 3 x
107 pCi/cm® and the discharge is 75 Ci

£ per 24-hr day at full power (3 MW), the
] o - MRR was infrequently operated at this
€ power level during 1964. About 5 Ci/wk
were discharged from its stack, so that it
was insignificant as a source of Ar*' when

I8 | compared with the BGRR. The yearly
average radiation levels at each of the

monitoring stations which were attribut-

ableto Ar** are shownin Table3. Assum-

ing the plume to be of several mean free
oL L L L1 1L 1 I L I L || paths (for the Ar** 1.29-MeV ¥ rays) in
1950 1951 1952 1953 1954 |sssy|:5:;95nssalsss 1960 1961 1962 1963 1964 dimension, a dilution factor of 500,000
can be calculated from the observed Ar**

radiation level at station E-9.
The percentage frequencies of wind
Figure 3. Yearly background at 3-it elevation, directions to the nearest 10° during the
1949-1964. years 1961 to 1963 have recently been
Table 3
1964 BNL Environmental Monitoring
Monthly Average Ar*' Radiation Levels, mR/wk

On site Perimeter Off site

Month E-10 E-11 E-12 E-2 E-4 E-T E-9 0-6
Jan. 0.37 1.25 1.34 0.15 0.13 0.43 0.21 0.10
Feb. 0.51 1.46 1.46 0.11 0.08 0.92 0.39 0.11
Mar. 1.01 1,78 2,51 0.20 0.51 0.65 1.11 0.06
Apr. 0.99 2.35 3.25 0.54 0.39 0.44 1.04 0.14
May 2.82 1.64 3.71 0.25 0.99 0.24 1,25 0.09
June 1.47 2.16 5.27 0.27 0.42 0.52 1.31 0.11
July * 1.61 5.87 0.08 0.32 0.41 2.27 0.03
Aug. 1.56 5.21 0.19 0.38 0.37 1.51 0.03
Sept. 2.68 3.38 0.08 0.61 0.11 0.88 0.02
Oct. 2,53 3.00 0.09 0.16 0.70 0.80 0.01
Nov. 1.24 1.35 0.30 0.20 0.36 0.41 0.02
Dec. 1.82 2.31 0.05 0.10 0.41 0.56 0.02
Av 1.92  3.22 0.19 0.36 0.46 0.98 0.06

*Station discontinued July 9, 1964.




tabulated by the BNL Meteorology Group.
The results, by meteorological seasons,
and the annual average are shown in Fig-
ures 4 to 8. The seasonal patterns ap-
parent from these wind roses can be cor-
related reasonably well with the monthly
variations in the Ar*! reported at the in-
dividual monitoring stations.

Two multicurie field y sources are
routinely exposed 20 hr/day. One, a
3050-Ci (as of January 1964) Co®° source,
is used primarily for plant irradiations in
a cultivated plot, and the other, an 8500-
Ci (as of January 1964) Cs*®” source, is
used to irradiate an otherwise undisturbed
wooded area for ecological studies. The
latter, about 800 meters equidistant from
the north and east boundaries (see Figure
1), is close enough so that its dose rate at
the boundary is measurable, Monthly
average radiation levels at station E-9 (on
the northeast perimeter) attributable to the
Cs*®7 source are given in Table 4. With
use of a method suggested by Cowan and
Meinhold® and the observed monthly mean
temperatures, a monthly dose rate has
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Table 4

1964 BNL Environmental Monitoring
Monthly Average Radiation Levels, Ecology Forest Source (Station E-9)

mR/wk

Month Mean 7,°C Observed Calculated Obs. /Calc.
Jan. -1.0 1.24 2.24 0.55
Feb. -1.7 1.13 2.20 0.51
Mar. 3.0 1.44 2.44 0.59
Apr. 6.6 1.32 2.56 0.52
May 15. 1 1.58 3.19 0.50
June 18.2 2.05 3.38 0.61
July 21.8 2.08 3.49 0.60
Aug. 18.8 2.00 3.40 0.59
Sept. 16.4 1.82 3.26 0.55
Oct. 10.4 1,58 2.84 0.56
Nov. 6.0 1.61 2.56 0.63
Dec. 1.7 1.25 2.38 0.53

Av 1.59 2.83 0.56




been calculated. Attenuation by the shield
plug and by the surrounding woods is sug-
. gested as the explanation for the lower
values for the observed radiation levels.

Some radiation from the Co®° source
also reaches on-site station E-12, but it
is an order of magnitude smaller and can-
not be measured accurately in the usual
presence of the much higher Ar*® levels
observed at this location. A calculated
correction for the source effect was ap-
plied to the E-12 natural background
measurements.

AIR PARTICULATE
MONITORING

At the beginningof 1964, "high-volume"'
(20 ft°/min) air samplers were installed in
monitoring stations E-2, E-7, and E-9.
Thus, with the unit already in operation at
E-4, there is a high-volume sampler at
90° intervals on the perimeter of the Lab-
oratory site. These units replaced the
5-ft*/min moving-tape samplers pre-
viously employed at these locations. Par-
ticulate filters (MSA No. C-17651) 4 in.
in diameter were usually operated for a
2-wk sampling interval.

Gross f counts were made with an end-
window GM tube at about 30 hr postcollec-
tion on a section from the particulate
filters. This delay served to minimize the
contribution from the naturally occurring
Pb>12 (10. 6-hr half-life) thoron daughter.
A v analysis of the entire filter sample
was then made.

A moving-tape air particulate sample
counted after a 20-mindelay indicated that
during 1964 the average gross 8 concen-
tration of the stack effluent was 1.4 x
10”7y Ci/cm®. Although routine analyses
for specific radionuclides other than I'®*
were not made, the stack sample obtained
on Nov. 11-13 was analyzed in detail. The
concentrations of detectable isotopes with
half-lives >1 day are given in Table 5.
No activity uniquely attributable to these
stack effluent isotopes was detectable on
the routine 2-wk air particulate samples
at downwind environmental monitoring
stations. No significant differences in

gross B or individual isotope concentra -
tions were apparent between the samples
obtained at stations in the prevailing
downwind direction and those seldom
downwind. The calculated ground level
concentrations of the particulate stack
effluent isotopes are too small for detec-
tion in the presence of the prevailing
background of natural and fallout activity.

Monthly average '30-hr delay' gross
B concentrations and the average concen -
trations of all identifiable (concentration
>107* pCi/m®) y-emitting isotopes are
indicated in Table 6 and are shown in Fig-
ure 9. Initial calculations of short-lived
isotopes have been adjusted for the pres-
ence of longer-lived isotopes with over-
lapping photopeaks in the same spectrum.

A '"spring maximum, " related to the
transfer to the troposphere from the
stratospheric reservoir of aged nuclear
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Figure 9. Monthly averageair particulate concen-
trations, 1964.



Table 5

1964 BNL Environmental Monitoring Concentration of Radionuclides With Half-Lives
>0.1 h in Air Particulate Filter Sample of Stack Effluent, Nov. 11-13

T

1/ pCi/m3
Activation isotopes Na?#* 15.0 h 472 +25%
Br8? 35.7h 111+ 25%
Zn®® 245 d 2.4+ 25%
Co®° 5.26 y 0.7 + 50%
Hg?°® 47 d 1.0 + 50%
Total 597
Fission product isotopes Mo!°!-Tc?e! 14 m 7,590 + 25%
e 53 m 5 830 +25%
2s 6.7h 4,020 +25%
Zr®7 -Npb°”’ 17h 181 £ 25%
2° 20.8 h 1,310 + 25%
Mo?®° 66 h 156 + 25%
et 8.05 d 130  + 25%
Ba'%®-1,a'%° 12.8d 108 =+ 25%
Np?2° 2.10 d 6.8 + 50%
Zr°%-Nb®® 65 d 3.3+ 50%
Rul°? 40 d 2.0 + 50%
Ce'*? 32.5d 1.1 + 50%
Cel** 285 d 1.0 + 50%
Cst?? 30y 0.6 + 50%
Ru’®® 1.0y 0.4 + 50%
Total 15,050

debris from the high-yield weapons tests
of 1961-62, is apparent. A smaller peak
in the gross B concentration was caused
by the presence in the troposphere of
fresh nuclear debris from the low-yield
Chinese nuclear test of October 16, 1964,

Charcoal cannisters (MSA No. C-46727)
for I'* sampling were operated in se-
quence after the particulate filters in the
continuous high-volume samplers for the
same 2-wk sampling periods. After a
delay of two or three days immediately

following the sampling period (again to .

allow for the decay of radon and thoron
progeny), a complete ¥ spectrum (from
0.1 to 3.0 MeV) was made for both types
of filter. At the, stack, about 1% of the

emitted radioiodine is filterable on a 2-
day particulate sample.® Stack-emitted
I'*! has not been detectable on routine field
air particulate filters, and it is assumed
that all this iodine is collected in the
charcoal cannister.

Corrections for decay during collection
were made with the assumption, to a first
approximation, of a uniform concentration
over the sampling interval. Bi*'* (RaC)
interference from the radium inherent in
the filter medium was cancelled out by a
dual count procedure. Following the ini-
tial 5-hr spectrum, the charcoal cannis-
ters were set aside for about a month and
then recounted. The net difference in the
0.36-MeV photopeak region was inter-



Table 6

1964 BNL Environmental Monitoring, Monthly Average Gross 8 and v-Emitting
Isotope Concentrations, Air Particulate Filters, pCi/m?®

Month Gross B* Mn®* Zr°%-Nb®° Ru*°® Ru!°® Sb'25 C(Cs'37 Cel4' (Celt*
Jan. 0.98 0.04 0.15 <0.01 0.14 0.10 0.06 <0.01 0.18
Feb. 1.12 0.05 0.15 0.02 0.13 0.03 0.07 <0.01 0.22
Mar. 1.31 0.05 0.11 <0.01 0.18 0.05 0.08 <0.01 0.24
Apr. 1.82 0.06 0.12 <0.01 0.26 0.05 0.12 <0.01 0.30
May 2.61 0.09 0.13 <0.01 0.34 0.11 0.22 <0.01 0.48
June 1.91 0.06 0.06 <0.01 0.26 0.07 0.11 <0.01 0.29
July 1.05 0.04 0.02 <0.01 0.11 0.04 0.08 <«<0.01 0.16
Aug. 0.90 0.03 0.01 <0.01 0.09 0.03 0.06 <0.01 0.11
Sept. 0.30 0.01 <0.01 <0.01 0.04 0.02 0.03 <0.01 0.06
Oct. 0.59 0.02 0.03 0.03 0.03 0.02 0.03 0.02 0.07
Nov. 0.42 0.01 <0.01 <0.01 0.04 0.01 0.03 <0.01 0.05
Dec. 0.23 0.01 <0.01 <0.01 0.02 0.01 0.03 <0.01 0.04
Av 1.10 0.04 0.06 <0.01 0.14 0.05 0.08 <0.01 0.18
Estimated error
0. 10 +0.01 +0.01 +0.01 +£0.02 +0.01 0.01 0,01 0,03

*Measured 30 hr postcollection.

preted as the amount of I'®* that had de-
cayed during this interval. From the
occasional "negative I'*!'' results (used in
calculating averages), the net error of an
individual measurement appeared to be
+5 pCi or +0.001 pCi/m?®.

Monitoring devices operated by Health
Physics Division personnel indicated that
a total of 2.05 Ci of I'®*! were emitted at
an almost uniform rate from the BGRR
stack during 1964 in an average concen-
tration of 6.5 x 10 "*°y Ci/cm® The BNL
Meteorology Group’ has calculated aver-
age concentrations for the perimeter
monitoring stations as a function of the
seasonal wind direction and stability dis-
tributions during 1960-1963. In this cal-
culation typical daytime parameters were
assumed, and it was also assumed that no
stackI'®*! concentrations would be observed
at ground level during inversion condi-
tions. A comparison between the calcu-

lated and observed annual concentrations
during 1964 at each perimeter station is
shown in Table 7.

Fallout I'*! in the atmospheric debris
from a low-yield nuclear device, tested
above ground in China on October 186,
1964, reached Long Island at ground level
on October 28. As shown in Table 8, the
air particulate concentrations were
sharply peaked on that date, and decay
studies confirmed the origin of this mate-
rial. Since the time sequence of air
activity seemed similar to that which
might be observed in the event of a large-
scale reactor release or other nuclear
incident, a somewhat more than routine
amount of attention was given to the anal-
ysis of this sample and to determining the
related environmental concentrations.

The first ¥ spectrum of the October
28-29 air particulate sample was run on
October 29, and a number of successive
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Table 7

1964 BNL Environmental Monitoring
Calculated and Measured Annual Concentrations of
I*3! at the BNL Perimeter

pCi/m?®
Distance from Downwind
Station stack, km direction Calculated Measured
E-2 (NW) 1.8 140° 0. 0007 0.0001*3- 353
E-4 (SW) 2.2 65° 0.0008 0.0009+0. 0003
E-7 (SE) 2,5 321° 0.0014 0.0014+0, 0004
E-9 (NE) 2.75 217° 0.0018 0. 00370, 0009 .
The isotopes and concentrations ascer-
Table 8 tained in this manner are listedin Table 9.

1964 BNL Environmental Monitoring
Gross B Air Particulate Concentration,
Station E-4, Oct. 22-Nov, 4

Date* pCi/m?®
10/22-23 0.20
10/23-24 0.88
10/24-25 0.88
10/25-26 0.88
10/26-27 1.20
10/27-28 0.90
10/28-29 9.27
10/29-30 2,18
10/30-31 1.01
10/31-11/1 0.91
11/1-2 1.01
11/2-3 0.91
11/3-4 0.57

*Samples changed at 0900,

spectra were run over the next few weeks
to establish the decay rates of the differ-
ent peaks. Isotopes were identified solely
from considerations of energy and half-
life, with no radiochemical separations.
Their concentrations were estimated from
published decay schemes and the known
photopeak efficiency of the BNL detector.

The concentrations of fallout I*'®** and
Bal%°-1a'%° were followed for several
sampling periods through.the following
month (see Table 10). The Bal*°-La'*°
data are in close agreement with those
reported for New York Cityand Westwood,
N.J., by the Health and Safety Labora-
tory. ®

Table 9

1964 BNL Environmental Monitoring
Fission Product and Np®* Concentrations
in Air, Oct. 28-29

Concentration,
Isotope pCi/m® % of Gross B*
Mo®°® 0.16 1.7
Ru'°® 0.55 6.1
pal 0.72%* 8.1
Tel®? 0.65 7.3
Balt® 0.76 8.5
Cel4? 0.31 3.5
Nd+” 0.20 2.2
Np32® 0.32 -
Gross B 9.27

*Less Np*°®.
**Calculated from Oct. 15-29 samples.




11

Table 10

1964 BNL Environmental Monitoring
Average Concentrations of I'3! and Ba**°-La’*°, Nov.

3! pCi/m®

Bal4®-1.a14° , pCi/ma

Sampling
period Particulate (%) Charcoal (%) Total Particulate
10/28-10/29* 0.522 (72) 0.185 (28) 0.715 1.078
10/30-11/5 0.011 (29) 0.021 (71) 0.032 0.050
11/6-11/12 0.006 (29) 0.015 (71) 0.021 0.037
11/13-11/15 0.004 37 0.012 (76) 0.016 0.020
11/16-11/29 0.002 (20) 0.006 (80) 0.008 0.009

*Calculated from Oct. 16-29 sample, by assuming that entire I' ! and Ba*4°-La'*4°

collection was made on Oct. 28-29.

The data confirm that the observed
fallout air concentrations were sharply
peaked on October 28-29 (assuming a neg-
ligible collection prior to the 28th) and
that there were trailing edges of both I*3?!
and Ba**°-La!*° whichdiminished at rates
corresponding to their half-lives. They
also suggest that the initial collection of
I*3! during the October 28-29 peak, was
quite different in physical form from sub-
sequent collections. Whereas about 70%
of the early iodine was collected on the
particulate prefilter and 30% on the fol-
lowing charcoal cartridge, these ratios
were subsequently reversed, which sug-
gests a problem in deducing the total con-
centrating of airborne I'*! from a single
type of sample.

About two weeks later, on November
11-12, about 150 mCi of I'*! was inad-
vertently released from the Hot Labora-
tory off-gas system (which discharges to
the atmosphere through the BGRR stack).
Another 134 mCi was discharged, at a
gradually diminishing rate of release, be-
tween the 12th and the 16th. The source
of the activity was discovered and closed
off on the 16th.

A distribution by hours of wind direc-
tions during the release period was pro-

vided by the Meteorology Group. Assum-
ing no local deposition during inversion
conditions, the noninversion winds were
separated into two principal directions,
southwesterly until 2130 on November 13,
and northwesterly thereafter. A brief
interval of easterly winds occurred on the
morning of the 16th. Since a routine filter
change was made on the 13th and a 'spe-
cial" change on the 16th, some resolution
of what occurred prior toand following the
wind shift was possible.

Table 11 gives the concentrations at the
affected (downwind) stations, after sub-
tracting the average residual I'®' back-
ground from the Chinese weapons test
detected at the unaffected stations.

Unfortunately, the quantity of I'** re-
leased was poorly resolved, with regard
to time, so that a detailed comparison be-
tween calculated and measured air con-
centrations was not practical. By using
the approximation that the release rate
declined exponentially with time, it was
possible to determine integrated ground
concentrations for the observed wind fre-
quency distribution. Curves relating inte-
grated ground-level air concentrations to
BGRR stack emission, for various disper-
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Table 11

1964 BNL Environmental Monitoring, Average Perimeter Concentrations of re?
Attributed to Hot Laboratory Release from BGRR Stack on Nov. 11-16

Average concentration, pCi/m?

Distance from Downwind

Station  stack, km  direction Particulate (%) Charcoal (%) Total Period
E-9 (NE) 2.75 217° .0067 (11) .0650 (89) .0717 11/11-13
E-7 (SE) 2.5 34° .0003 (1 . 0430 (99) .0433 11/13-16
E-4 (SW) 2.2 65° .0011 (29) .0027 (71) .0038 11/13-16

sion conditions, have been published in
connection with the evaluation of a postu-
lated fuel element failure incident.® The
calculated and the observed integrated
concentrations of I*** attributed to the
November 13-16 release are given in
Table 12,

PRECIPITATION COLLECTION

A pot-type rain collector with a surface
area of 0.33 m®is located adjacent to the
BNL Meteorology Building, in a prevailing
upwind direction from the BGRR stack.
Because of the decreasing amounts of
"dry" fallout at the beginning of the year,
the collection was changed from a daily to
a precipitation basis, i.e., a sample was

picked up at 0900 only if precipitation had
been observed during the previous 24 hr.
A standard amount of distilled water was
used to wash down the collector if no pre-
cipitation was falling at the time the sam-
ple was terminated.

Part of each collection was evaporated
for gross 8 counting. The largest 24-hr
rainout, 48.4 mCi/m® at a concentration
of 4620 pCi/liter, occurred on June 6-17.
Weekly composite samples were analyzed
for identifiable y-emitting isotopes, and
monthly composite samples for S§r®° and
Sr°°, Monthly average gross 8 concen-
trations, monthly amounts of gross g ac-
tivity, and individual isotopes in precipi-
tation are indicated in Table 13. The
monthly amounts of gross g activity and
of the more prevalent isotopes, Ce!**,

Table 12

1964 BNL Environmental Monitoring, Integrated Perimeter Concentrations of

1131

Attributed to Hot Laboratory Release from BGRR Stack on Nov. 11-16

Integrated air concentration,

Downwind  Dijgpersion Estimated release Ci-sec/m°
Station Hr Date condition while downwind, mCi Predicted Observed
E-9 (NE) 9 11/12 B: 50 2.0x 10°° 1.2 x 10~8
E-7 (SE) 10 11/13-16 B, 15 0.8x10-° 1.2x10"°
E-4 (SW) 4 11/16 C 2 0.2x10"® 0.1x10"°




Ru'°®, Cs'¥and Zr°°-Nb°%, are also
plotted in Figure 10. A spring peak of
fallout activity is evident.

Rain and settled dust collections have
been made by the Environmental Monitor-
ing Group at Brookhaven National Labora-
tory continuously since the latter part of
1953. The data from gross 8 counts of
these collections for the years prior to
1962, which have not previously been pub-
lished, are tabulated by months in Table
14. The contribution from fallout of nu-
clear weapons debris is suggested by the
large collections during or shortly after
months for which detonations were re-
ported in a summary by Eisenbud.'® The
spring maximum of fallout is also evident.
Total activity for the years 1953 to 1964 is
indicated in Figure 11. The amount for
1953 is estimated from the September-
December average.
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Figure 10. Monthly precipitation collection, gross
8 activity, and Ce***, Rut°? Cs'3’ and Zr°°-Nb°®
concentrations.
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Figure 11. Yearly total gross 8 activity in rainand
settled dust collections, 1953-1964.

LIQUID EFFLUENT
MONITORING

Low-level radioactive liquid effluents
are routinely disposed of by release into
the Laboratory's sanitary waste system,
where they are diluted by a large volume
of uncontaminated water. This liquid
waste effluent passes through an Imhoff
tank which removes most of the solids and

then flows onto sand filter beds from which
most of it is collected by an underlying

tile field. The liquid effluent is then chlo-
rinated and discharged intoa small stream
that forms one of the headwaters of the
Peconic River,
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Table

1964 BNL Environmental Monitoring,
Total Gross 8 Activity, and Princi

Precipitation, Av conc,, Gross B,

Month in. pCi/liter mCi/mi?® Mn®*
Jan. 4,9 574 141 3
Feb. 4.5 661 186 4
Mar. 3.0 446 109 5
Apr. 7.5 402 210 5
May 0.6 1150 53 2
June 1.4 928 86 3
July 4.4 207 57 3
Aug. 1.1 195 18 3
Sept. 2.7 91 19 2
Oct. 4,3 75 26 1
Nov. 3.3 83 19 1
Dec. 4.8 70 34 1

Total 42.5 - 938 33
Av 3.6 339 78 3
*Estimated.

The monitoring arrangements for the
central sewage system are indicated in
Figure 12. Values of the monthly average
gross B concentration and total gross 8
activity at the input to the filter bed, at
the point of discharge to the river, and at
the site boundary (computed on the basis
of stream flow) are indicated in Table 15.
A calculated radiation protection standard
concentration of 1070 pCi/liter, which
assumes a 20% Sr® content, is applied at
the boundary.

A v spectrum anda Sr®° analysis were
performed on a monthly composite of the
filter bed input samples and of the effluent
from the beds. The concentrations of the
principal ¥ emitters, Cs**7, Ce'**, and
Co®°, and. of Sr®° are indicated in Table
16. I | Ru*®, and Na®* were occasion-
ally detected, but generally in concentra-
tions too small for satisfactory quantita-
tive determination. Tritium assays were
also made on the daily chlorine house
sample from.March through September.

The results, all ‘below the lower limit of
detection: 10* pCi/liter for the March-
July samplesand 5 x 10° pCi/liter for the
August and September ones.

EAST BOUNDARY OF SITE

STREAM
GAUGING
STATIONS

FILTER BEDS

CHLORINATION
PLANT

PROPORTIONAL
SAMPLERS AND
FLOWMETERS INPUT

IMHOFF TANKS

Figure 12. BNL sewage processingand monitoring
system.
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Monthly Average Gross 8 Concentration,
pal Isotope Activities in Precipitation

Sr89 Srso ngS_Nbgs Ruloe Sblzs Cslav Cel“
6 5 16 16 4 10 30
9 7 20 25 5 11 30
3 5 8 22 4 11 20

<1 11 7 36 1 16 31

N.A, N.A, 1 8 1 5 10

<1 3 3 11 2 6 13

<1 4 <1 15 3 8 9

N.A. N.A. <1 3 2 2 (.

<1 <1 <1 3 3 1 2

N.A. N.A. <1 6 1 2 2

N.A. N.A. <1 2 <1 2 3

<1 <1 <1 11 1 3 6

16* 40%* 55 158 33 7 166
1* 3* 5 13 3 6 14

N.A. =not available.

The annual amounts of radioactivity
released as liquid waste by the Laboratory
have decreased during recent years. In-
formation extracted from BNL internal
reports concerning the gross 8 activity in
liquid effluent entering the sand filter beds
and discharged from them since 1951 is
summarized in Table 17. A shock ab-
sorber effect is apparent in the 2-yr delay
between the 1959 peak of the input to the
beds and the 1961 peak of discharge ac-
tivity. The yearlyamountsofSr°°® activity
present in liquid effluent samples since
1961 and those of other principal isotopes
present since 1962 are shown in Table 18.

About a ton of dried sludge previously
pumped from the Imhoff tank was disposed
of at the BNL dump in October 1964. The
concentrations of the principal v-emitting
isotopes and the estimated total activities
are indicated in Table 19.

Although the sand f{ilter beds are re-
ported** to be about’90% efficient for most

isotopes, their efficiency for Na®* appears
to be much lower. Between 1800 and 1900
on November 20, 1964, about 1.9 mCi of
Na®* passed the Imhoff monitor. After
correcting for decay, it was determined
that 1.3 mCi had passed through the beds
by the time the routine sample was picked
up at the chlorine house at 0830 on Novem-
ber 21.

STREAM SAMPLING

Monthly ''grab' water samples were
obtained at on-site and off-site locations
along the upper tributary of the Peconic
River, into which the Laboratory rou-
tinely discharges low-level liquid wastes.
Reference grab samples were obtained
from nearby streams and bodies of water
outside the Laboratory's drainage area.
The sampling locations (see Figure 13)
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Table
BNL Environmental Monitoring, Monthly Average Gross R
Month 1953 1954 1955 1956
Jan. _ 38.4 4.9 82.2 (N)*
Feb. — 7.2 57.4 (N) 103
Mar — (N) 106 (P) 1210 (N) 105 (R)
Apr. — (N) 87.9 (P) 641 (N) 105 (R)
May — (N 31.0 (P) 346 (N, P) 125 (N, P)
June — (N) 21.7 (P) 36.5 ( 32.6 (N, P)
July — 17.2 9.7 212 (N)
Aug. — (R 48.8 22.4 (R) 62.0 (N, R)
Sept. 14.8 468 8.4 (R) 427 (P, R)
Oct. 10.1(P) 180 (R) 12.5 (R) 49.1 (P, R)
Nov 1.5 276 13.8 (R) 32.0 (R)
Dec. 11.3 50.4 12.0 105.0
Total 1332.6 2374.6 1439.9

*Reported Nuclear Detonations: N - U.S., Nevada Test Site; P - U.S. or British,
Sahara Test Site.

are as follows:

A.

e oW P oUo0

Yot
.

eoRo=

Peconic River at Schultz Road, 15, 900
ft downstream from chlorine house.
Peconic River a. WadingRiver-Manor-
ville Road, 23, 100 ft downstream from
chlorine house.

Peconic River at Manorville, ~35, 500
ft downstream from chlorine house.
Peconic River at Calverton, =46, 700
ft downstream from chlorine house.
Peconic River, upstream from BNL
effluent outfall.

Peconic River at north tributary (inde-
pendent of BNL drainage).

Carman's River at Middle Island.
Carman's River at outflow of Yaphank
Lake.

Artist Lake (maintained by water table,
no surface outflow).

Lake Panamoka (maintained by water
table, no surface outflow).

Peconic River, just below BNL ef-
fluent outfall.

Peconic River, 1300 ft below BNL
effluent outfall.

M. Peconic River, 2600 ft below BNL
effluent outfall (at BNL boundary).

Q. Peconic River, 6900 ft downstream
from BNL effluent outfall.

Gross g concentrations found in stream
water samples during 1964 are summa-
rized in Table 20. To facilitate compari-
sons, the samples are tabulated in two
groups, one comprising locations in se-
quence from upstream to downstream on
the Peconic River and the other control
locations. In September 1964 routine
monthly samples were initiated at location
@ on the bend of the Peconic adjacent to
North Street, about a mile below the Lab-
oratory boundary. Off-site stream sam-
pling was initiated in 1960, and yearly
averages since that time are also shown
in Table 20. There appears to be rela-
tively little dilution by tributaries in the
upper reaches of the stream. Two spot
measurements made by the Water Re-
sources Division of the U.S. Geological
Survey'” during 1964 indicated that the
Peconic River flow at Schultz Road (sam-
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14

Activity in Rain and Settled Dust Collections, 1953-1961, mCi/mi?

1957 1958 1959 1960 1961
348 (R) 102 208 8.1 2.3
36.6 (R) 18.4 (R) 232 270 (9) 3.5
58.5 (R) 144 (R) 535 3.8 (S) 9.2
285 (R) 435 (N, P) 311 9.8 275
112 (N, P) 246 (N, P) 85.4 10.4 19.2
38.8 (N, P) 101 (N, P) 152 10.6 5.0
262 (N) 245 (N, P) 19.2 5.2 5.8
331 (N, R) 197 (N, A, P) 14.5 2.0 9.2
726 (N, P, R) 59.6 (N, A, R) 2.6 15. 6 100 (R)
112 (N, P, R) 1109 (N, R) 6.5 11.2 180 (R)
44.3 (P, R) 356 (R) 4.9 2.4 416 -
97.4 (N, R) 224 3.9 2.0 (9) 372
2138. 4 3237.0 1575.0 351. 1 1397.2

Pacific Test Site; R - U.S.S.R., site unknown; A- U.S., Atlantic Test Site; S - France,

pling location A) was about three times
that at the perimeter (sampling location
M), while continuous flow measurements
made at the Riverhead Gaging station,
near the mouth of the river, averaged
2 x 107 gal/day, about 27 times that at the
perimeter. However, the fraction of the
gross B concentration in downstream
water samples attributable to the BNL
effluent appears to fall off quite rapidly in
these upper reaches and is not perceptible
beyond eight miles or so downstream (be-
tween sampling points C and D).

A limited program of stream bottom
sampling in the Peconic River was ini-
tiated during 1963. In order to obtain a
profile of the distribution of radiocactivity
along the river downstream from the chlo-
rine house outfall, larger numbers of
sediment and underwater vegetation sam-
ples were obtained during 1964. The
samples were not processed except for
being packaged for analysis of y-emitting
isotopes. The yearly averages for all
sediment samples obtained at a given
location are indicated in Figure 14, and

those for all vegetation samples in Figure
15. Most of the Laboratory's liquid ef-
fluent activity appears to be retained
within a short distance downstream from
the point of release. The only effluent
isotopes detectable above background in
the sediment were Co®°, Cs'®7 and Ce!**.
Small concentrations of fallout-produced
Mn®* were found in a few samples. The
highest concentration of Co* , 11. 2 pCi/g,
was found 5200 ft downstream from the
outfall at the chlorine house; thatof Cs*37,
6.89 pCi/g, at 6900 ft downstream; and
that of Ce***, 1.34 pCi/g, at the outfall.
Co°° was not detectable beyond 3 miles
downstream, and both Cs!®7? and Ce'**
diminished to near background levels
beyond this distance. The underwater
vegetation profile was similar, but the
concentrations of fallout Mn** were more
evident. The highest concentrations of
Co°°and Ce***, 34.3 pCi/gand 13.3 pCi/g,
respectively, were found atthe site bound-
ary 2600 ft downstream from the chlorine
house; the highest concentration of Cs*®7,
3.99 pCi/g, at 6900 ft downstream. The
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Figure 13. Environmental monitoring stream sampling locations.
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Table 16

1964 BNL Environmental Monitoring
Liquid Effluent Concentrations and Total Activities of Identifiable y-Emitting Isotopes
and Sr°°, pCi/liter

Imhoff tank Chlorine house
Month Cs*?®7 Co®° Ce*** g8r°° Cs*®?  Co®° Cel*¢ Sr°°
Jan. 8 55 <10 2 53 25 <10 6
Feb. 8 51 55 2 29 45 48 5
Mar. <5 39 <10 4 13 <5 54 11
Apr. 5 32 48 2 21 18 30 7
May 6 75 19 4* 36 55 33 g*
June 4 20 19 3 27 37 24 6
July 11 <5 40 4 49 29 <10 3
Aug. 5 <5 37 5 46 16 <10 5
Sept. 11 <5 <10 2 28 <5 15 4
Oct. 12 <5 <10 1 20 <5 <10 3
Nov. <5 <5 <10 1 15 <5 <10 2
Dec. 14 <5 <10 1 60 23 <10 3
Av,
pCi/liter 8 22 21 3 43 19 18 5
Total, mCi 8.7 24,5 23.2 2.9 38.4 17.5 16.6 4.7

*Estimated concentration, sample not run for Sr°°
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Figure 15. Peconic River vegetation samples, 1964. »
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Table 17

BNL Enviromental Monitoring
Gross B Activity in Liquid Effluent,
1951-1964, mCi

Year Imhoff tank Chlorine house
1951 160.5 21.5
1952 116.6 27.9
1953 132.9 35.8
1954 182.1 48.5
1955 223.8 75.0
1956 170.0 55.0
1957 300.8 105.1
1958 325.1 106.0
1959 586. 6 169.5
1960 542.9 177.8
1961 384.4 219.1
1962 128.9 135.9
1963 127.5 99.4
1964 89.0 76.4
Total 3471.1 1352.9

distribution of Mn°* was more random,
and the highest concentration, 2.09 pCi/g,
was found 15,900 ft downstream. Two
sunfish obtained during June near sam-
pling location D, 46,700 ft downstream,
contained an average of 1.57 pCi/g of
Cs*®7. No other y-emitters were detect-
able in them.

Since there is an abundant underground
supply of water on Long Island, the Pe-
conic River is not used to supply drinking
water or water for irrigation. Its waters
are occasionally used to flood the lower
bogs of a commercial cranberry operation
eight miles downstream. In the fall of
1964, samples of berries from the upper
and lower bogs of this farm and of berries
of other-than-local origin were obtained.
As indicated in Table 21, no effect attrib-
utable to the use of river water in the
lower bog was discernible.
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WELL SAMPLING

The Laboratory's potable water wells
and cooling water supply wells are about
100 ft deep, or 50 ft below the water table
in the Long Island surface layer of glacial
till. They are also generally west to
northwest and upstream from most of the
Laboratory's facilities. The exceptions
are principal potable water wells Nos. 1
and 3, the smaller well No. 5 at the sew-
age plant, and the one at the waste and
reclamationarea (see Figure 16). Monthlv
gross B results are summarized in Table -
22, Less than background values (<1.2)
have been-assumed to be 50% of the detec-
tion limit in calculating yearly averages.
No significant differences from previous
sampling are apparent.

MILK SAMPLING

Meteorological predictions of average
ground concentrations of I'** emitted from
the BGRR and reasonable assumptions
about its deposition and about the relation-
ship between grass and milk concentra-
tions lead to the conclusion that I**! in the
milk from cows pastured in the vicinity of
the Laboratory would generally be <1 pc/
liter, or well below the lower limit of

detection.
The results of a routine monthly sam-

pling program are indicated in Table 23.
Some locations were sampled more fre-
quently than once a month, in which case
the number of samples is shown in paren-
theses and the values are averages. The
applicable Radiation Protection Guide*® for
I*®! assuming an intake of 1 liter/day, is
100 pCi/liter.

Shortly after the peak on October 28 of
air particulate activity attributable to the
Chinese weapons test, measurable con-
centrations of I'®! were found in the milk
from two locations in the vicinity of BNL.
These locations were resampled at inter-
vals until the concentrations reached the
lower limit of detection. The highest were
found in the milk from a one-cow farm
where the animal was free to eat ad ls4 on
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Table 18

BNL Environmental Monitoring
Activity of Principal Isotopes in Liquid Effluent, 1961-1964

Csl3'7 Ce144 COGO sr90

Gross B, % of % of % of % of

Year mCi mCi gross 8 mCi gross B mCi gross 8 mCi gross 8
Imhoff tank
1961 384.4 N.A. N.A. N.A. N.A. N.A. N.A. 39.4 10.3
1962 128.9 20.4 15.8 12.1 9.4 <5 <4 16.2 12.6
1963 127.5 20.4 16.0 21.7 17.0 21.6 17.0 7.7 6.0
1964 89.0 8.7 9.8 23.2 26.0 24.5 27.5 2.9 3.3
Chlorine house
1961 219.1 N.A. N.A. N.A. N.A. N.A. N.A, 38.0 17.4
1962 135.9 54.6 40.0 9.3 6.8 <5 <4 19.2 14,1
1963 99.4 44.8 45.1 13.5 13.6 18.3 18.4 7.7 7.8
1964 76.4 38.4 50.3 16.6 21.8 17.4 22.8 4.7 6.2
N. A. = not available.
Table 19

1964 BNL Environmental Monitoring
Concentrations and Total Activities in Sludge From Imhoff Tank, Oct.

Co®° Cs'®? Ce'** Gross B
Average concentration of eight drying beds, pCi/g 320 160 157 517
Estimated total activity, mCi 0.32 0.16 0.16 0.52

a thin stand of winter rye. As shown in
Figure 17, if the greater weight is given
to the early samples of higher concentra-
tion (and accuracy of measurement), the
data suggest a 4. 8-day effective half-life
of I*®' in milk from a single incident of
pasture contamination.

VEGETATION AND SOIL
SAMPLING

In June and September pasture grass
samples were gathered at the farms from
which monthly milk samples were ob-
tained. Occasional samples were obtained
in other months, in particular during late
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Figure 16. Location of BNL water supply wells.

October and early November following the
detection of airborne activity from the
first Chinese weapons test. As indicated
in Table 24, a summary of the concentra-
tions of y-emitting isotopes present in
these samples, no activity uniquely at-
tributable to the BGRR stack emission

was detectable.
During the two weeks after the well-

defined peak of fallout air particulate ac-
tivity on October 28, concentrations of
I}2! petween 0.1and 0.3 pCi/g were mea-
sured. Since there was no precipitation for
some time after the 28th, it was possible
to calculate a deposition velocity for I'®*
of 0.25+ 3:15 cm/sec for a set of obser-
vations on November 1st.

Samples of the top 6 in. of soil were
also obtained in June and September from
the farms in the vicinity of the Laboratory
from which vegetation samples were se-

cured. The concentrations of identifiable
v-emitting isotopes present are given in
Table 25. The concentrations of natural
uranium and thorium are determined by
comparison with the ¥ spectrum of cali-
brated ore samples.

ON-SITE SUMPS

Monitoring for the possible entry of
radioactivity into the ground water was
extended to include three recharge basins,
one north of the Alternating Gradient Syn-
chrotron, one east of the BGRR, and one
south of the Medical Center, into which
secondary cooling water from these facili-
ties is discharged. These sumps are also
open to surface runoff and, as shown in
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Table 20

1964 BNL Environmental Monitoring
Monthly Stream Water Samples and Yearly Averages for 1960-1964,

Gross B Concentrations in pCi/liter

Peconic River locations, proceeding

downstream from chlorine house

Control locations

K L M Q A B C D E F G H I J
Month, 1964
Jan. 97 81 176 - 46 22 21 24 Dry 27 13 21 23 35
Feb. 75 74 173 - 20 58 16 18 Dry 21 19 11 33 27
Mar. * 41 37 35 - 24 17T 171 17 20 12 12 9 39 17
Apr. 23 21 15 - 28 24 21 21 18 17 25 28 25 18
May 491 216 76 - 25 37 24 19 17 26 7 9 24 24
June 94 85 81 - 49 23 24 14 4 21 8 4 19 13
July 199 168 19 - 35 19 22 12 Dry 17 7 13 19 16
Aug. 39 30 32 - 26 19 18 10 Dry 16 6 3 31 14
Sept. 84 81 19 44 22 12 10 9 Dry 11 17 6 18 9
Oct.* 52 58 36 40 28 18 16 9 18 18 7 4 21 14
Nov. - - - - - - = - Dry - - - - -
Dec. 74 60 74 72 31 23 18 - Dry 32 22 6 25 12
Yearly av
1964 115 83 49 52 30 25 19 14 15 19 13 10 25 18
1963 61 74 39 - 46 42 59 40 36 37 13 25 50 35
1962 - - - - 47 31 39 33 38 35 23 36 44 38
1961 - - - - 34 19 - 17 17 10 6 9 14 16
1960 - - - - 20 13 - 11 8 5 7 9 13 6

Estimated error: <25 pCi/liter, +3; >25 pCi/liter, + 10%.
*These samples were also analyzed for tritium. All results were <5 nCi/liter.

Table 26, appear to follow the concentra-
tion trends in the streams reported in the
section on stream sampling.

THYROID SAMPLING

One cattle thyroid was obtained from
Farm 4, 3 km northwest of the BGRR
stack, on March 10, 1964. It contained
25+10 pCi of I'*'. An analysis of me-
teorological data for the preceding few
weeks suggests that’ this location was

downwind during a period of preécipitation
on March 3 in which 29 pCi/m?® was calcu-
lated to have been deposited by ''rainout"
at Farm A. The animal had been grazing
on a very scant covering of winter rye be-
tween March 3 and 10. Another beef thy-
roid obtained on June 24 from an experi-
mental research animal at the Brookhaven
h{[gglical Department contained 5 + 5 pCi of
"=t

A number of thyroids from deer killed
on the public highways in the vicinity of
the Laboratory were obtained through the
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N ] Table 21
= - 1964 BNL Environmental Monitoring
- Concentrations of ¥-Emitting Isotopes in
- \{ N Cranberries, pCi/g
B T Date counted Cs'®7 Mn®*
E Upper bog, 11/28 1.0 0.1
3 10— - Manorville
a - ~——— FARM A =
C ] Lower bog, 11/28 1.0 0.1
-\ - Manorville
- \ ~— .
\i\\ Nonlocal 10/12 1.0 0.1
L N N
\\ Estimated
— AN - error £+0.2 £0.1
N FARM B
\
\
ob—t 1 1 1 JENY I O N B
o I 3 5 7 9 1l 13 15 17 19 21 23 25 27
NOVEMBER 1964
Figure 17. I'*! in milk samples, Nov. 1964.
Table 22

1964 BNL Environmental Monitoring
Gross R Concentrations in Deep Well Water Samples, pCi/liter

Potable water well no.

Cooling supply well no.

Month 1 2 3 4 5 W&R* 101 102 103 104 105
Jan. 5.5 4.1 <1.2 6.8 1.8 <1.2 <1.2 7.6 1.7 <1.2 2.9
Feb. 4.7 3.8 5.8 3.1 2.9 4.5 - 5.4 2.1 2.1 -
Mar. 4.7 2.2 - 3.3 6.2 4.4 - 3.4 3.6 5.4 -
Apr. 2.8 2.9 - 2.1 6.1 1.6 3.3 4.8 5.1 - 7.6
May 6.3 5.0 3.5 8.9 6.0 3.4 - 7.0 5.3 14.4 17.6
June 1.3 1.9 2.1 4.3 5.6 1.7 - 1.5 <1.2 - 2.2
July 1.2 <1.2 1.5 2.7 6.0 2.6 1.1 - 1.8 1.8 4.2
Aug. 1.4 <1.2 4.5 1.3 2.5 3.9 1.7 1.0 1.7 <1.2 <1.2
Sept. 1.7 1.2 2.1 1.9 2.2 2.2 <1.2 0.2 <1.2 <1.2 <1.2
Oct. <1.2 1.9 <1.2 1.4 2.5 <1.2 - - - 3.0 2.1
Nov. 3.6 4.6 3.0 5.7 3.0 - - -~ - 1.6 <1.2
Dec. 5.1 <1.2 1.3 2.4 3.6 <1.2 5.0 2.4 <1.2 - 1.4
Av 3.1 2.2 2.3 3.6 4.0 2.0 1.6 3.7 2.0 2.9 3.6

»

*Waste disposal and reclamation well.
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1964 BNL Environmental Monitoring

Table 24

Concentrations of v-Emitting Isotopes in Pasture
Grass During the Growing Season, Wet Weight

(values for K in g/kg; all others in pCi/g)

Location Month Mn®*  Zr°%-Nb°® Rul®® Cs'3®7 Ce'** K
Farm 4, 3 km NW June 0.5 <0.5 1.3 0.7 3.7 -
July 6.2 <0.5 <0.5 2.2 3.9 -
Sept. <0.5 <0.5 1.8 1.1 8.5 16.8
Oct. <0.5 <0.5 0.6 1.3 0.8 4.4
Nov. <0.5 <0.5 1.9 0.7 2.6 6.7
Av 3.1 <0.5 1.2 1.2 3.9 9.3
Farm B, 6 km SW May <0.5 <0.5 <0.5 <0.5 0.6 8.1
June <0.5 <0.5 <0.5 0.9 2.4 -
July <0.5 <0.5 <0.5 <0.5 0.8 4.2
Aug. <0.5 <0.5 <0.5 <0.5 2.0 10.3
Sept. 0.6 <0.5 1.3 0.8 2.1 -
Oct. <0.5 <0.5 1.5 <0.5 <0.5 6.7
Nov. <0.5 <0.5 1.6 <0.5 1.6 5.9
Av <0.5 <0.5 0.8 0.5 1.5 6.5
Farm ¢, 10 km SE June <0.5 2.3 6.1 5.1 22.4 -
Sept. <0.5 <0.5 <0.5 0.5 <0.5 -
Nov. <0.5 <0.5 1.5 0.5 2.6 3.2
Av <0.5 0.9 2.6 2.0 8.3 3.2
Farm 0, 15 km NW June <0.5 <0.5 1.3 0.9 2.9 -
Sept. <0.5 <0.5 0.7 0.6 1.9 -
Av <0.5 <0.5 1.0 0.8 2.4 -
Farm £, 8 km E July <0.5 <0.5 <0.5 <0.5 1.2 -
Sept. 0.7 <0.5 1.1 1.1 2.6 8.8
Nov. <0.5 <0.5 2.1 0.6 3.0 12.3
Av <0.5 <0.5 1.1 1.0 2.3 11.1
Farm #, 6 km NE June <0.5 <0.5 <0.5 0.5 1.8 -
Sept. 2.6 <0.5 1.8 2.7 8.2 12.0
Av 1.4 <0.5 1.0 1.6 5.0 12.0
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Table 24 (continued)

1964 BNL Environmental Monitoring
Concentrations of y-Emitting Isotopes in Pasture
Grass During the Growing Season, Wet Weight
(values for K in g/kg; all others in pCi/g)

Location Month Mn®*  Zr2®-Nb°°® Rul®® Cs'®7 Celt*
Farm /, 30 km ENE June 0.9 0.7 <0.5 2.3 4.9
Sept. <0.5 <0.5 0.7 <0.5 1.1
Av 0.6 0.5 0.5 1.3 3.0
On site stations

E-9 July 0.6 <0.5 0.6 <0.5 0.8
E-5 Oct. 0.5 <0.5 <0.5 0.6 3.2
E-9 Nov. 0.7 <0.5 2.5 0.6 1.6
E-11 Nov. <0.5 <0.5 1.3 <0.5 1.3
Av 0.5 <0.5 1.2 <0.5 1.7

Over-all monthly av
1* May <0.5 <0.5 <0.5 <0.5 0.6
6 June <0.5 0.7 4.7 1.7 6.4
4 July 1.8 <0.5 <0.5 1.5 1.7
1 Aug. <0.5 <0.5 <0.5 <0.5 2.0
7 Sept. 0.7 <0.5 1.1 1.1 3.5
3 Oct.® <0.5 <0.5 0.8 0.7 1.4
6 Nov.® <0.5 <0.5 1.9 0.5 2.1
1964 Av <0.5 <0.5 1.7 1.1 3.2

O N
NeBDS |

[ay
W =3 00 O DN ~T =

(o]
o

Estimated error of individual samples, miminum detectable or 25%.

*No. of samples.
®1*3t ay, 0.15 pCi/g.
°I*®! av, 0.17 pCi/g.




29

Table 25

1964 BNL Environmental Monitoring
Concentrations of v-Emitting Isotopes in Soil
(values for K in g/kg; all others in pCi/g)

Location Month Mn®*  Ru'°® (Cs'?’ Cel#* Unet Thyae K
Farm 4 June <0.2 0.3 0.6 1.6 2.2 2.7 4.6
Sept. <0.2 0.3 0.5 1.8 2.0 2.7 6.2

Farm B June <0.2 0.4 0.5 1.3 1.7 2.6 4.7
Sept. <0.2 0.8 0.9 1.9 3.4 4.3 8.7

Farm ¢ June <0.2 0.2 0.5 1.3 2.0 2.4 5.7
Sept. <0.2 <0.2 1.1 1.0 1.9 2.6 3.9

Farm 0 June <0.2  <0.2 0.8 2.0 2.8 3.4 6.5
Sept. 0.8 1.2 1.8 3.9 2.3 4.1 5.3

Farm ¢ Sept. <0.2 0.6 1.0 2.0 1.5 2.3 3.1
Farm June <0.2 0.4 0.3 1.9 1.7 2.0 3.5
Sept. 0.2 0.7 0.7 1.4 1.7 2.7 4.9

Farm / June <0.2 <0.2 <0.2 <0.2 3.2 3.8 10.2
Sept. <0.2 <0.2 0.4 1.0 4.3 9.7 10.7

Over-all av <0.2 0.4 0.7 1.6 2.4 3.5 6.0
Estimated error* +0.2 +0.2 +0.2 +0.2 +0.5 +0.5 +1.0

*Individual sample.

cooperation of the New York State Depart-
ment of Conservation. The amounts of
I*®*and Cs'®” foundare shown in Table 27.

MISCELLANEOUS

During mid-1964, a cooperative pro-
gram with the Medical Department was
initiated to gather data for a comparison
of whole-body burdens and 24-hr urine

sample levels of Cs'*” . During the third
quarter the average Cs'*” burden of 18
randomly selected Laboratory employees
was 16.3 mCi, while their 24-hr urine
samples averaged 187 + 15 pCi in a con -
centration of 134 + 10 pCi/liter. During
the fourth quarter the average Cs*®” bur-
den of eight different employees was 18.0
nCi, and their 24-hr urine samples aver-
aged 139 + 15 pCi in a concentration of
126 + 10 pCi/liter.
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Table 26

1964 BNL Environmental Monitoring
Gross B Concentrations in Recharge Basins, pCi/liter

Location
Month North of AGS East of BGRR South of Medical Center
Jan. 21 3 16
Feb. 19 3 6
Mar. 15 20 3
Apr. 15 10 -
May 36 33 33
June 14 18 3
July 7 2 2
Aug. 7 1 4
Sept. 11 5 5
Oct. 13 15 2
Nov. - - -
Dec. 5 <2 3
Av 15 10 9
Estimated error, +10% if >+ 1 pCi/liter.
Table 27
1964 BNL Environmental Monitoring
I*®! and Cs*®7 in Deer Thyroids
Location Date Thyroid weight, g '3 pCi Cs'®7 pCi
Ridge 6/13 5.8 5 25
Calverton 7/3 2.7 17 13
Calverton 7/3 4.3 3 8
Calverton 8/25 4.1 <3 27
BNL perimeter 10/23 N.A. 46 N.A.
BNL perimeter 10/23 N.A. 5 N.A.

N.A. = not available.
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