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1.0 INTRODUCTION

1.1 Background:

The primary purpose of Brookhaven National Laboratory's (BNL) environmen-
tal monitoring program is to determine whether:

1) facility operations, waste treatment, and control systems have
functioned as designed and planned from the standpoint of containment
of radioactivity, and

2) the applicable environmental radiation and radioactivity standards
and effluent control requirements have been met.

The Laboratory's environmental monitoring program is designed and
developed to accomplish these two primary objectives. While this annual report
for calendar year 1983 generally follows the recommendations given in DOE/EP-
0023, "A Guide for Environmental Radiological Surveillance at U.S. DOE
Installations" (2), the suggested scope has been modified to meet the BNL site-
specific environmental monitoring needs. The Laboratory's environmental surveil-
lance program includes the sampling and analysis of nonradiological pollutants,
and indices of water quality. These latter aspects reflect the local interest
about environmental quality, particularly with regard to the preservation of the
purity of the aquifer underlying Long Island (3).

1.2 Site Characteristics:

Brookhaven National Laboratory is a multidisciplinary scientific research
center. It is situated close to the geographical center of Suffolk County on
Long Island, about 97 km east of New York City. Its location with regard to
surrounding communities is shown in Figure 1. About 1.29 million people live in
Suffolk County (4) and about 0.37 million people in Brookhaven Township, within
which the Laboratory is situated. The principal nearby population centers are
located in shoreline communities. Table 1 gives the resident population distri-
bution within 80 km of the BNL site. Although much of the land area within a 16
km radius is either forested or under cultivation, there has been some develop-
ment of suburban housing in proximity to the Laboratory during recent years.

The Laboratory site is shown in Figure 2. It consists of some 2130 hect-
ares (ha), most of which is wooded, except for a developed area of about 655 ha.
The site terrain is gently rolling, with elevations varying between 36.6 and
13.3 m agbove sea level. The land lies on the western rim of the shallow Peconic
River watershed, with a principal tributary of the river rising in marshy areas
in the northern and eastern sections of the site.

In terms of meteorology, the Laboratory can be characterized as a well-
ventilated site. In common with most of the eastern seaboard, its prevailing
ground level winds are from the southwest during the summer, from the northwest
during the winter, and about equally from these two directions during the spring
and fall (5).
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Studies of Long Island hydrology and geology f6—8\ in the vicinity of the
Laboratory indicate that the uppermost Pleistocene deposits, which are between
31-61 m thick, are generally sandy and highly permeable. Water penetrates them
readily and there is little direct run—off into surface streams, except during
periods of intense precipitation. The annual total for 1983 was 128 cm, which
was close to the average annual precipitation of 122 cm. About half of this pre-
cipitation is lost to the atmosphere through evapotranspiration and the other
half percolates to recharge groundwater. The groundwater in the vicinity of the
Laboratory moves predominantly in a horizontal direction to the Great South Bay

6!. It takes a more easterly direction in the Peconic River watershed portions
of the site. The estimated rate of movement at the groundwater surface is about
16.2 cm a~! (6).

1.3 Existing Facilities:

A wide variety of scientific programs are conducted at Brookhaven,
including research and development in the following areas:

1) the fundamental structure and properties of matter,

2) the interactions of radiation, particles and atoms with other atoms
and molecules,

3) the physical, chemical and biological effects of radiation, and of
other energy-related environmental pollutants,

4) the production of special radionuclides and their medical
applications,

5) energy and nuclear related technology, and

6) the assessment of energy sources, transmission and uses, including
their environmental and health effects.

The major scientific facilities which are operated at the Laboratory to
carry out the above programs include the following:

1) The High Flux Beam Reactor (HFBR) is fueled with enriched uranium,

moderated and cooled by heavy water, and operates at a routine power
level of 60 MW(th).*

2) The Medical Research Reactor (MRR), an integral part of the Medi-
cal Research Center (MRC), is fueled with enriched uranium, moderated

and cooled by light water, and is operated intermittently at power
levels up to 3 MW(th).

3) The Alternating Gradient Synchrotron (AGS), a proton accelerator, op-
erates at energies up to 33 GeV, and is used for high energy physics
research.

*th = thermal



4) The 200 MeV Proton Linac serves as an injector for the AGS and also
supplies a continuous beam of protons for radionuclide production by
spallation reactions in the Brookhaven Linac Isotopes Production Fa-
cility (BLIP) and in the Chemistry Linac Irradiation Facility (CLIF),

5) The Tandem Van de Graaff, Vertical Accelerator, and Chemistry Van de
Graaff are used in medium energy physics investigations, as well as
for special nuclide production.

6) The National Synchrotron Light Source utilizes a linear accelerator
and booster synchrotron as an injection system for two electron stor-
age rings which operate at energies of 700 MeV vacuum ultraviolet
(VUV) and 2.5 GeV (x-ray). It is used for VUV spectroscopy and for
x-ray diffraction studies.

Additional programs involving irradiations and/or the use of
radionuclides for scientific investigations are carried on at other Laboratory
facilities including those at the Medical Research Center, the Biology Depart-
ment, the Chemistry Department, and the Department of Applied Sciences (DAS). At
the Hot Laboratory, special purpose radionuclides are developed and processed
for on- and off-site use under the joint auspices of the DAS and the Medical De-
partment. This facility also contains a radioactive waste treatment center,
which includes an evaporator for volume reduction of liquid wastes.

Most of the airborne radioactive effluents at Brookhaven originate from
the HFBR, BLIP and the research Van de Graaff, with lesser contributions from
the Chemistry and Medical Research Centers. The first two contribute to the
Laboratory's liquid radioactive wastes, with additional smaller contributions
originating from the Medical Research Center, the Hot Laboratory complex, as
well as from decontamination and laundry operations.

2.0 SUMMARY

The environmental levels of radioactivity and other pollutants found in
the vicinity of BNL during 1983 are summarized in this report. As an aid in the
interpretation of the data, the amounts of radioactivity and other pollutants
released in airborne and liquid effluents from Laboratory facilities to the envi-
ronment are also indicated. The environmental data includes external radiation
levels; radioactivite air particulates; tritium concentrations; the amounts and
concentrations of radioactivity in and the water quality of the stream into
which liquid effluents are released; the concentrations of radioactivity in
biota from the stream; the concentrations of radioactivity in and the water qual-
ity of ground waters underlying the Laboratory; and concentrations of
radioactivity in milk samples obtained in the vicinity of the Laboratory.

The amounts of radioactivity released in airborne and liquid effluents
from laboratory facilities to the environmment were within allowable standards as
stipulated in DOE Order 5480.1. Other pollutants, such as metals, organic
compounds, etc., in the effluents released from the Laboratory were well below
Federal, State .and Local standards as applied to site specific conditions.



External Radiation:

Based on statistical analyses, the measured levels of external radiation
at the site boundary were significantly different than the off-site monitoring
stations. The net addition annual exposure that an individual, residing at the
site boundary, would receive is 5.1 mrem.

Air and Rainfall - Radioactivity:

Other than tritium, there was no indication of BNL radioactive effluents
in enviromental air and precipitation samples. The largest concentration of
tritium in air at the site boundary, 9.6 x 102 pCi m -3 was 4.8% of the Radiation
Concentration Guide (RCG) The largest average concentration of tritium in pre-
cipitation was 3.0 x 102 nCl/mz. The total site wide deposition was 18.2 Ci.

Air - Nonradioactive:

At the central Steam Plant, stack testing conducted in 1983 indicated
that SOy and NO, emissions were reduced by 70% and 64%, respectively, when
compared to the combustion of No. 6 0il. Calculations based on meterological pa-
rameters indicate that at the site boundary, the average concentrations of S0,
and NO,, resulting from the steam plant operations, were 0.04 Ug m"3, and 0.03
Hg m™~ respectively. These values are approximately 1% of the applicable ambi-
ent air quality standards.

Liquid Effluent - Sewage Treatment Plant:

O0f the sewage effluent released onto the sand filter beds of the Labora-
tory sewage treatment plant, 77% flowed directly into the Peconic River. The
balance was assumed to have percolated into the ground water underlying the
beds. The gross beta concentration of the output from them was 7.65 pCi 1~
(7.65 x 1077 ucCi ml~ ), or 0.3% of the Radiation Concentration Guide (RCG). The
tritium concentration was 7.96 nCi 171 (7.96 x107® uci m1~1), or 0.3% of the
RCG. The same concentration was assumed for the infiltration into groundwater.

Liquid Effluents - National Pollutant Discharge Elimination System Permit:

Except for 5 daily pH levels which were '"out of limit" and one instance
of biochemical oxygen demand (BOD) percent removal, all reportable non-
radiological parameters of the Laboratory sewage effluent were within the limits
set forth in the Laboratory's permit, issued by the New York State Department of
Environmental Conservation under the State Pollution Discharge Elimination Sys~
tem. The average water quality of the sewage treatment plant effluent at the
point of discharge was at or within water quality standards for the receiving
body of water, in most instances, meeting drinking water quality standards.

Peconic River - On-Site:

At the former site boundar¥ (Station M), the gross beta concentration was
7.23 pci 171 (7.23 x 10 uCi ml™1), or 0.2% of the RCG, and the tritium concen-
tration was 6.76 nCi 1”1 (6.76 x 107 uCi ml~™ ), or 0.2% of the RCG. At the



31te boundary, the gross beta concentration was 4.9 pCi 17 -1 (0.49 x 10~ 8 ucCi
1y, or 0. 2/ of the RCG, and the tritium concentration was 5.4 nCi 11 (5.4 x
10 =6 uci m171), or 0.2% of the RCG.

Peconic River - Off-Site:

Sampling of the Peconic River water downstream of the sewage treatment
plant outfall has indicated a decrease of concentrations of radiocactivity. At
a location 4 8 km downstream, the annual average gross beta concentration was
2.3 pci 17! (2.3 x 1079 pci m171), or 0.1% of the RCG. About 19.5 km down-

stream, the average concentration of gross beta act1v1ty was 1.9 pCi 17% (1.9 x
1079 uci m171); that of tritium being 0.72 nCi 17! (0.72 x 10~ -6 1ci m17D).
Based on total flow and activity per unit volume, the total gross beta activity
in the river at that location exceeded that at the Laboratory's site boundary.
This difference is attributed to the fact that the total flow at the river's
mouth is increased due to the tributary additions which, in turn, have added
fallout radionuclides that were present in the draining area of the tributaries.

Peconic River - Aquatic Biological Studies:

Fish were collected at Donahue's Pond (Peconic Lake) for radionuclide
analysis. The maximum concentration of 137¢s in fish was about 174 pCi kg_l.
This concentration would result in a dose commitment that was less than 1% of
the RCG, based on an assumed ingestion of 50 g of fish per day.

Groundwater — Supply and Process Wells and Recharge Basins:

About 16 million liters of water per day obtained from on-site supply
wells were used for '"once through" cooling and returned to groundwater in on-
site recharge basins. The concentration of gross beta activity at point of
recharge was, on the average, 13% greater than that of the supply wells, and was
about 5% of the EPA Drinking Water Compliance Level Standard. The tritium con-
centrations were near or at the MDL, which is about 1% of the EPA Drinking Water
Standard.

Groundwater ~ Surveillance Wells:

Groundwater surveillance was conducted in a network of some 100 sampling
wells installed adjacent to and downstream from identified areas where there is
a potential for the percolation and migration of radioactivity and other contami-
nants in groundwater. With the aquifer underlying Long Island being classified
as a "sole source'" it was necessary to apply EPA and New York State (NYS) Drink-
ing Water Standards to all activities concerning groundwater use or recharge.

a. On-Site Wells:

Immediately adjacent to the sand filter beds and to the Peconic River
on-site and at the site boundary, gross beta, tritium and 905 concentrations
have been decreasing, when compared to those observed during previous years.
This reflects the decrease in the concentrations due to decay and dilution.

They were not more than a few percent of the EPA and NYS Drinking Water



Standards. The largest average gross alpha concentration, 1.3 pCi 17 1 (1.3 x
10~9 uCi ml”~ 1) was 9% of the EPA Drinking Water Standard for unidentified mix-
tures containing alpha activity other than 226Ra. 1t was not directly relatable
to any known Laboratoty effluent releases. The largest average gross beta con-
centration was 4.6 pCi 171 (4 6 x 1079 uci ml-” 1) the largest average tritium
concentration was 7.5 nCi 17! (7.5 x 1076 pci m1~1ly,

On-site, adjacent to the Solid Waste Management area, the current
landfill, and the decontamination facility storm sewer sump, above ambient back-
ground concentrations of gross beta acitivity, 90Sr, and tritium were found in
a number of nearby groundwater surveillance wells. Much of the gross beta activ-
ity appeared to be related to 0g¢,

At the Waste Management area, the largest 90gy concentration, 28.55
pCi 171 (28.55 x 1079 uci m1~” 1), or 4 times the EPA Drinking Water Standard, was
found in a well at the Waste Management Area perimeter. This level reflects the

effects of a known inadvertent injection into groundwater which occurred in
1960.

At the landfill, an average gross alpha concentration of 6.3 pCi 171
(6.3 x 1079 UCi ml 1), or 0.4 times the EPA Dr1nk1ng Water Standard, an aver-
age gross beta concentration 6f 30.0 pCi 171 (30.0 x 1079 uci ml1~ ), or 0.6
times the compllance level, and an average tritium concentration of 7.7 nCi 1~
(7.7 x 107 -6 HCi ml™ 1y or 0.4 times the EPA Drinking Water Standard, were the
largest found.

At the decontamination fac111ty storm sewer sump, a 90s, concentra-
tion of 79 pCi 17 1 (79 x 1079 uCi ml~ ), 10 times the EPA Drinking Water Stan-
dard, was found in a surveillance well within a few meters of the sewer outfall
into a sump.

Iron and zinc were found in excess of their respective standards (0.6
and 0.3 ppm for drinking water) in numerous sampling wells on-site. However,
this appears to be related to corrosion from the well casings and not to
Laboratory effluents, except for a few wells adjacent to the Landfill. There,
the largest concentration of iron was 76 ppm and of zinc, 6.1 ppm.

In all cases, the on-site levels of radioactivity or of other agents
which were found in above ambient background in ground water appeared to be
confined to within a hundred meters of their origin. They would require decades
of travel before reaching the site boundary. Concentrations of radioactivity,
and water quality parameters, in ground water from perimeter surveillance wells
(other than those adjacent to the Peconic River) were at or near background and
only a few percent of the EPA Drinking Water Standards.

b. Off-Site Wells:

Concentrations of tritium were found to be slightlv higher in a sam-
pling well about 0.35 km east of the site boundary than in wells at the boundary
itself. The tritium concentration, 4.3 nCi 17! (4.3 x 1076 uci m171l), was 22%
of the EPA Drinking Water Standard. The gross beta concentration, 3.5 pCi 171



(3.9 x 1072 uci m17!), was 7% of the EPA Drinking Water Compliance Level
Standard.

Except for pH levels slightly lower than the Water Quality Standard,
but within the local natural variation, other indices of water quality in these

surveillance wells were within the standards.

Total Population Dose Resulting from Laboratory Sources

During 1983, the collective (population) average dose equivalent
attributable to Laboratory sources, for the population up to a distance of 80
km, was calculated to be 0.04 person-rem. This can be compared to a natural
background dose—equivalent rate to the same population of about 303,000 rem
a~! (person-rem a~ ‘).

3.0 MONITORING DATA COLLECTION, ANALYSIS AND EVALUATION

3.1 External Radiation Monitoring:

Dose-equivalent rates from gamma radiation at the site boundary,
including natural background (as influenced by fallout) and the increments
attributable to Laboratory activity, were determined through the use of CaF,:Dy
thermoluminescent dosimeters (TLD) (9 . They were exposed for monthly periods
at each of the four perimeter monitoring stations P-2, P-4, P-7, and P-9, the lo-
cations of which are shown in Figure 2. The observed rates, as measured by
these TLDs at the site boundary, are given in Table 2. The dose-equivalent rate
from external radiation at the site perimeter averaged 69.1 mrem a ~.

Figure 3 shows the locations of the off-site TLDs with respect to the Lab-
oratory (HFBR Stack, #750 as the center; Figure 2). The standard 16 sectors
with sector #1 centering on true North have been used to locate the TLDs. The
dose—-equivalent rates observed are given in Table 3.

The 1983 site perimeter and off-site TLD data were evaluated through the
use of a crossed, three-way factorial analysis of variance (ANOVA) for unhal-
anced data. The independent variables in the ANOVA were sector, season (defined
by calendar quarter), and ring; with the model incorporoating all cross-—
products. The ring variable is an approximation of distance as TLDs were
grouped in incremental rings defined as the site perimeter, site perimeter-5
km, 5-10 km, and greater than 10 km.

The overall model was highly significant (p < 0.0005), as were the follow-
ing variables: sector (p < 0.0001), ring (p < 0.0001), season (p < 0.001),
sector*ring (p < 0.0001), and ring*season (p < 0.04). The variable terms
sector*season and sector*ring*season were not statistically significant (p < 0.96
and p < 0.38, respectively). These results suggested that there were signifi-
cant differences due to seasonal, directional, and distance factors. The data
was further evaluated using Duncan's Multiple Range test and Schaffe's test, the
results indicating that the highest TLD exposure rates occur at the site
boundary and decrease with distance from the site boundary (p < 0.05). The ex-
posure rate at the site perimeter was significantly greater than the site perime-

- 10 -



Table 2
1983 BNL Environmental Monitoring
Site-Perimeter External Dose-Equivalent Rates from

Background and BNL Operations

Location(a)

Northwest Southwest Southeast Northeast Perimeter b
Period Perimeter Perimeter Perimeter Perimeter Average (b)

(P-2) (P-4) (p-7) (P-9)

mrem

Minimum (Monthly) 5.0 5.2 5.0 5.1 5.1
Maximum (Monthly) 6.0 6.1 6.4 7.3 6.5
Average (Monthly) 5.5 5.7 5.8 6.1 5.8
Total (Annual) 66.3 = 3,7 68.6 £ 3.4 69.0 = 4.6 72,6 £ 7,1 69,1 £ 2.6

(a)
(b)

Locations of monitoring stations are shown in Figure 2,
Station P~9 lies on a bed of coal cinders which contain radium and thorium at concentrations

larger than the foundation material used at other perimeter stations which may result in an
artificially elevated reading.

- 11 -
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Table 3
1983 BNL Environmental Monitoring

Off-Site External Dose-Equivalent Rates

TLD No (a) Compass Heading Distance From Annual Total(c)
(degrees) HFBR Stack (km)(b) (mrem)

1T3.1 350 3.1 65.0
1T8.8 350 8.8 53.0
273,.2 31 3.2 63.4
2T10.5 14 10.5 64.5
318.8 46 8.8 62.4
4T2 .6 62 2.6 60.8
4T7.5 59 7.5 59.8
5T6.5 88 6.5 58.8
5T4,2 79 4,2 55.1
5Ti7.1 81 17.1 56,7
6T5,6 107 5.6 61.9
6T14,2 115 14.2 53.0
77T9.7 140 9.7 59.8
7T2.5 139 2.5 74,9
8T2.,3 155 2.3 60.8
8T8.0 151 8.0 80.1
9T3.4 173 3.4 64,0
9T8.3 178 8.3 77.5
10T3.7 196 3.7 71.8
10T9.3 199 9.3 56,2
10T12,0 211 12.0 65.0
11713.7 233 3.7 61.4
11T17.8 229 17.8 55.1
12T5.0 238 5.0 62.9
1277.2 24] 7.2 60.3
12T12.5 238 12,5 62.9
13T1.4 273 1.4 68.1
13T2.6 263 2.6 62.4
13T8.2 262 8,2 58.8
14T3,1 302 3.1 65.5
14T5,6 290 5.6 73.3
15T1 .4 306 1.4 70.7
1573.0 325 3.0 54,6
15T14,7 316 14,7 65.0
16T3.4 331 3.4 64.5
16T10.,0 339 10.0 62.4
Shielded TLD(d) 19.8

(a) See Figure 3 for TLD locations.

(b) See Figure 2 for HFBR Stack (Bldg. 750) location.

(c) Estimate based upon time-weighted averages. The standard deviation
of the measurement 1s approximately % 107%.

(d) Represents background due to cosmic ray and is based upon twelve
measurements.,
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ter—-5 km and 5-10 km rings (p < 0.05). The site perimeter-5 km and 5-10 km
rings were significantly greater than the 10-20 km ring mean exposure rate. The
net additional annual exposure that a person residing at the site boundary would
receive is 5.1 mrem.

In the analyses, four stations served to measure exposure rates at the
site perimeter, as opposed to 32 stations at greater distances from the Labora-
tory. The grouping of the data into sectors may have masked any spatial
autocorrelation in the data. If such autocorrelation is present, certain assump-
tions of the statistical tests employed would be violated, invalidating the anal-
ysis of variance results. Future analyses will incorporate the latitude-
longitude coordinates of each sample station in an attempt to determine the pres-
ence of any spatial autocorrelation.

3.2 Airborne Effluents, Tritium and Radioiodine Monitoring:

3.2.1 Facilities and Effluents:

The principal Laboratory facilities from which radioactive effluents are
released to the atmosphere are listed in Table 4. Their locations on the Labora-
tory site are shown in Figure 2. The installed on-line effluent monitors, sam-
pling devices, and the types and amounts of effluents released during 1983 are
indicated in Table 4. With the exception of tritium, there were no
radionuclides detected at the site boundary which are attributed to Laboratory
effluents.

Oxygen-15 and Argon-41 are radioactive gases with relatively short half-
lives. Oxygen-15, which has a two minute half-life, is produced by the interac-
tion of protons and water in the BLIP fac111t¥ and generated at an estimated
rate per unit beam current of 0.21 Ci na-l When this facility is operated
at the full beam current of 180 pA, the equ111br1um 159 activity is 1.8 Ci.
Argon-41, which has a 110-minute half-life, is produced by the interaction of
neutrons and ventilating air in the shield of the Medical Research Reactor. It

is released from the stack at an estimated rate of 1 Ci MW(th) ln~l,

Tritium (3H) has a 12.3-year half-life, and is a very low energy beta
emitter (TR(pax) = 18.6 KeV). 1It's principal environmental significance is when
it is in the form of tritiated water vapor (HTO), which is taken up and utilized
by living systems as is ordinary water. Of the 408 Ci of tritium released from
the Laboratory research facilities during 1983 (Table 4), 118 Ci (29%) were in
gaseous form, and 290 Ci (71%) were released as HTO. Tritium releases remained
at low levels during 1983 as the Laboratory continued to employ as low as reason-
able achievable practices.

The Laboratory incinerates certain categories of waste in the Waste Man-
agement Incinerator. The individual radionuclides, their half-lives and total
quantities in the incinerated waste material are shown in Table 5. Tritium was
the largest in quantity, 260 mCi. Limits on the amount incinerated and
meterological dispersion are utilized to assure that airborne concentrations at
the site boundary are small fractions of the Radiation Concentration Guides
(RCG) .

- 14 -
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Table 5
1983 BNL Environmental Monitoring
Estimated Radionuclide Content of Incinerated Materials (2)

Radionuclide(b) Half-Life Quantity
(mCi)

3x 12.2y 259.5
1251 60.2d | 1.7
lac 5730y 8.4
103, 40d 0.1
32p 14.3d 0.1
355 87.9d 0.3
201y 3.0d 0.1
"Be 53.0d 1.1
1135, 118.0d 0.2
131y 8.1d 0.1

y = year

d = day

(a) Incinerated in the Waste Management Incinerator.
(b) Radionuclides released in annual quantities of less than 0.1 mCi

have not been included.
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Gamma emitting nuclides released from the HFBR stack are shown in Table
6. 1261, 69Ge, and resulting daughter products result from processing of tar-
gets in the Hot Laboratory. The remainin§ nuclides are presumed to be the re-
sult of experimental studies relating to 35y fission.

Most of the heating requirements for the principal buildings at the Labo-
ratory are supplied by the central steam plant (Figure 2). In 1976 the Labora-
tory initiated the utilization of light feed stock (LFS), such as mineral
spirits, alcohol, solvents, jet fuel and reconstituted fuels. In 1983, the frac-
tion of LFS relative to total fuel consumption, was 70%Z. These light stock
fuels typically have a weighted average sulfur content of 0.5% or less as
compared to the regulatory limit of 1% sulfur content in #6 oil. In 1983, the
mean fuel combustion efficiency over the entire range of boiler loading
capacities was determined to be 99.8% for No. 5 Boiler firing alternate liquid
fuels (ALF) (27). Under typical operating conditions the combustion efficiency
is higher, since the upper limits of the boiler loading capacity are rarely
reached (29). Samples of LFS used in the preparation of ALF are analyzed for
cadmium, chromium, lead, and chlorinated hydrocarbons to ensure that the burning
of ALF does not constitute a potential environmental problem. In addition,
stack testing conducted in 1983 demonstrated that SO, and NOy emissions were
redufed)by 70% and 64%, respectively when compared to the combustion of No. 6
oil (30).

3.2.2 Sampling and Analysis:

The Brookhaven environmental air monitoring program is designed to iden-
tify and quantify airborne radioactivity attributable to natural sources, to
activities remote from the Laboratory (e.g., above ground nuclear weapon tests)
and to Laboratory activities. Most of the concentrations of radioactivity in
air detected during 1983 were attributable to natural sources. The only detect-
able nuclide attributable to Laboratory activities, was tritium, as tritium
vapor.

3.2.3 Air Samples:

During 1983, positive displacement air pumps were operated at a nominal
flow rate of 15 £ min~! at the monitoring station adjacent to the solid waste
management area (S-6), and at the site boundary stations P-2, P-4, P-7 and P-9
(see Figure 2 for locations). The air sampling media consisted of a 5 cm diame-
ter air particulate filter (Gelman type) followed by a 62.5 emd bed of
triethylene diamine (TEDA) impregnated charcoal for the collection of
radiohalogens.

The air particulate samples were counted for gross beta activity using an
anti-coincidence proportional counter. The data are shown in Table 7. A sea-
sonal trend was not apparent for gross beta activity in 1983. 1In addition to
counting for gross beta activity, analyses for gamma emitting nuclides were
performed on charcoal filters and on a composite of all air particulate samples
at the end of each month. No 1311 was detected in these samples during 1983.
Much smaller concentrations of radionuclides attributable to the residue from
past atmospheric weapons test were detected. The average annual air concentra

- 18 ~



Table 7
1983 BNL Environmental Monitoring

Gross Alpha and Gross Beta Concentrations in Environmental Station Air Particulate Filters

Location(a) Quarterly No. of Gross Alpha Gross Beta

Period Samples
Average Minimum  Maximum Average Minimum  Maximum
- (pCi/m3)

P-2 First 12 0.00122 0.00028 0.0034 0.0223 0.0052 0.172
Second 13 0.00116 0.00011 0.0026 0.0135 0.0060 0.0272
Third 12 0.0012 0.000026 0.,0047 0.0226 0.0001 0.0598
Fourth 12 0.00074 0.000029 0,0017 0.0068 0.0017 0.0189
Annual 0.0011 0.000026 0.,0047 0.0167 0.0001 0.172

P-4 First 11 0.00109 0.000095 0.0026 0.0132 0.0071 0.0198
Second 13 0.,00127 0.00044 0.0029 0.0132 0.0019 0.0264
Third 12 0.00142 0.00026 0.0025 0.0221 0.0089 0.0394
Fourth 12 0.00070 0.000026 0.0017 0.0068 0.,0017 0.0189
Annual 0.0011 0.000026 0,0029 0.0139 0.0019 0.0394

p-7 First 12 0.00119 0.000095 0.0029 0.,0139 0.0068 0.0181
Second 13 0.00153 0.00089 0.0030 0.0170 0.0073 0.0357
Third 11 0.0017 0.00076 0.0039 0.0276 0.0001 0.1010
Fourth 13 0.0010 0.00021 0.0017 0.0146 0.0075 0.0232
Annual 0.00135 0.000089 0.0039 0.0192 0.0001 0.1010

P~9 First 11 0.00052 0.000082 0,0013 0.0072 0.0024 0.0166
Second 13 0.00089 0.00011 0.0024 0.0092 0.0023 0.0264
Third 12 0.00154 0.000090 0,0039 0.0315 0.0001 0.139
Fourth 13 0.00085 0.000028 0,0026 0.0126 0.0002 0.024
Annual 0.00096 0.000082 0,0039 0.0151 0.0001 0.139

a: Locations of monitoring stations are shown in Figure 2.
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tions of 137Cs and 7Be in the charcoal filter samples were 3.0 x 1073 pCi/m3
and 1.1 x 1072 pCi/m3, respectively. The average annual air concentrations of

Cs and ‘Be in the composite air particulate samples were 3.4 x 1073 pCi/m
and 6.4 x 1072 pCi/m3, respectively. The data is consistent with the absence
of any reported atmospheric nuclear tests during the year, as well as with opera-
tions at the Laboratory. The concentrations have been decreasing since the last
such reported test in 1980.

Sampling for tritium vapor was also performed at each of the air sampling
stations by drawing a small side stream of air (+200 emd min~l) through silica
gel cartridges. These cartridges were normally changed on a weekly basis. The
collected vapor was subsequently removed from the gel by heating; then con-
densed, collected, and assayed by liquid scintillation counting. The tritium
vapor concentration data obtained in this manner during 1983 are shown in Table
8.

The highest quarterly average concentrations were observed during the
first and third quarters at the southeast station (P-7). The highest annual av-
erage concentration, 4.9 x 102 pCi/m3, was observed at station P-7. This value
was 2.5% of the Radiation Concentration Guide (RCG) (14). The yearly average
concentrations at stations P-2 and P-4 were at or near the MDL.

The current Laboratory environmental monitoring program does not include
routine air sampling for nonradioactive substances. Based upon 0.5% sulfur and
0.8% nitrogen content (12,33), the calculated annual average concentrations at
the site boundary of the conventional pollutants released from the central steam
plant were 0.04 ug m™3 809 and 0.03 ug n~3 NOy,. These values are approximately
1%Z of the applicable ambient air quality standards (13).

3.2.4 Precipitation:

Two pot-type rain collectors are situated adjacent to the sewage treat-
ment plant (see Figure 2). Routine collections were made whenever precipitation
was observed. Part of each collection was evaporated for gross alpha and beta
counting, a fraction was composited for monthly tritium analysis, and the bal-
ance was put through ion exchange columns for quarterly 903y and gamma analyses.
The data for 1983 are reported in Table 9. The observed concentrations are con-
sistent with the absence of above-ground weapons testing.

3.2.5 Milk Samples

Milk samples were collected from two dairy farms in the vicinity of the
site. Fallout radionuclide concentrations were not detected in these milk
samples. The range of 40K detected in these samples was 1.1 x 1076 to 1.4 x
107°% yucCi/ml.

3.3 Liquid Effluent Monitoring:

The basic principle of liquid waste management at the Laboratory is con-
finement and concentration to minimize the volumes of liquids requiring decontam-
ination prior to on-site release or processing into solid form for off-site

- 20 -



Table

8

1983 BNL Environmental Monitoring

trations in Air
)

Quarterly P~
Northeast
Perimeter

Period

9

NNE

(11.25-33.75°)

(101,25-123,75°)

Tritium Vapor Conce%
(pCi/m
P-7 P-4
Southeast Southwest
Perimeter(®) Perimeter(?)
ESE SW

P-2
Northwest
Perimeter'?
NNW
(168,.75-258,75°) (326.,25-348.75°)

Minimum
Detection
LimitEbg

First 4.7 x 100 9.6 x 102 2.6 x 100 1.7 x 10°

Second 9.1 x 10! 1.6 x 102 4,0 x 100 3.6 x 10°

Third 1.5 x 102 8.1 x 102 5.1 x 100 5.1 x 100 0.6 ~ 18 x 100
Fourth 1.6 x 101 6.3 x 109 6.2 x 100 7.5 x 100

Average 6.6 x 10! 4.9 x 102 4.3 x 109 4.4 x 109

Radiation

Concentration

Guide (14) 2.0 x 10°

(a)

See Figure 2 for location of monitoring stations.

(b) The variable range for the MDL results from the tritium determination procedure and is
a function of counting efficiency, counting time, sample volume, and relative humidity.
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Table 9
1983 BNL Environmental Monitoring
Quarterly Average Radionuclide Activity in Precipitation

Quarter Rainfall Gross @ Gross B 34 gy e 1374

(cm) )

nCi/m

First 35.3 0.26 0.65 270 0.012 16 0.020
Second 39.5 0.13 0.38 300 0.0021 No analysis
Third 22.5 0.097 0.57 190 0.022 5.0 0.027
Fourth 30.5 0.077 0.33 95 0.012 6.7 a
Annual
Total 127.8 0.56 1.93 855 0.048 27.7 0.057

(a) Below the minimum detection limit.
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burial. Accordingly, liquid wastes are segregated at the point of origin on the
basis of their anticipated concentrations of radioactivity or other potentially
harmful agents.

Small volumes (up to a few liters) of concentrated liquid wastes contain-
ing radioactivity or other hazardous agents are withheld from the Laboratory
waste systems. They are stored at their sources of generation in small
containers, collected by the Laboratory waste management group, and subsequently
packaged for off-site disposal (in the case of hazardous wastes as defined by
DOE Order 5480.2).

Facilities which may routinely produce larger volumes (up to several hun-
dred liters) of radioactive or otherwise contaminated waste liquids are provided
with dual waste handling systems, one for "active'" (D, probably contaminated)
and one for "inactive" (F, probably uncontaminated) wastes. As shown in Figure
4, wastes placed into the "active'" or D system are collected in holdup tanks.
After sampling and analysis, they are either transferred by installed pipelines
or by tank truck to storage tanks adjacent to the Laboratory liquid waste evapo-
rator. At this facility, liquids are concentrated about a hundred fold and ulti-
mately disposed of as solid wastes. If found to be of sufficiently low concen-
tration [16], D wastes may be routed directly from holdup tanks to the Labora-
tory sanitary waste system.

Sub ject to the results of analysis, "inactive' wastes are routed directly
to the Laboratory sanitary waste system, where they are mixed with large
quantities (approaching 4,000,000 1 d~!) of cooling and other uncontaminated
water routinely produced by diverse Laboratory operations. Sampling and anal-
ysis of the waste in facility holdup tanks is done to facilitate waste manage-
ment while effluent sampling is performed at the sewage treatment plant to estab-
lish the concentration and amounts of environmental releases.

The amounts of low level radioactive waste effluents that may be
routinely disposed of by release into the Laboratory sanitary waste system are
established by administrative limits (16]. Within these limits, individual re-
leases are kept as low as reasonably achievable.

3.3.1 State Pollutant Discharge Elimination System Permit:

The effluent from the Laboratory sewage treatment plant is subject to the
conditions of the State Pollutant Discharge Elimination System Permit No. NY 000
5835, authorized by the New York State Department of Environmental Conservation
(NYSDEC) . Quarterly reports have been prepared in accordance with this permit.
A yearly summary of the data requested by NYSDEC in 1983 is shown in Table 10.
As required by the permit, chlorination of the effluent was discontinued in May,
1983. The Laboratory effluent was within all of the permit requirements, with
the exception of five daily pH levels and one instance of BODg percent removal.
The effluent pH variations were within the local natural range of groundwater
(pH 5.5-6.0). A Laboratory study has indicated that the low pH of rainfall (pH
2.5-4.9) on Long Island is a significant factor in lowering the pH of the Labora-
tory effluent as it passes through the sand filter beds.
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3.3.2 Peconic River:

Primary treatment of the liquid stream collected by the sanitary waste
system to remove suspended solids is p-ovided by a 950,000 liter clarifier. The
liquid effluent from it flows onto sand filter beds, from which about 77% of the
water was recovered by an underlying tile field. This recovered water was then
released into a small stream that forms one of the headwaters of the Peconic
River. The balance was assumed to have percolated to the groundwater under the
beds and/or removed through evaporation.

A schematic of the sewage treatment plant and its related sampling ar-
rangements is shown in Figure 5A. 1In addition to the inplant flow measurement
and sampling instrumentation, totalizing flowmeters (Leopold and Stevens TP 61~
2) capable of taking a sample for each 7576 liters of flow are installed in com-—
bination with positive action battery operated samplers (Brailsford DU-1).

These are operated at the flow measurlng weir for the effluent outfall (EA), at
the former site boundary (M) which is 0.8 km downstream on the Peconic River,
and at the site boundary (Q), 2.6 km downstream.

An aliquot of each daily (or weekend) sample of the input to the sand fil-
ter beds and of their output to the Peconic River was evaporated for the anal-
ysis of gross alpha and gross beta activity. Another aliquot was counted di-
rectly for tritium. Samples from the two downstream locations were obtained
three times a week. Aliquots of each were analyzed for gross beta, gross alpha,
and tritium. Another aliquot, proportional to the measured flow during the sam-
pling period, was passed through ion exchange columns for subsequent analysis as
an integrated sample. Unless the gross beta count at a given location indicated
the need for immediate radionuclide identification, one set of these columns was
analyzed directly on a monthly or quarterly basis for gamma emitting nuclides
and the other was eluted for radiochemical processing for 90gy analysis. The av-
erage radionuclide concentrations at the clarifier (input to the filter beds)
and at the outfall (output from the beds) are shown in Tables 11A and 11B.

Yearly totals are also indicated. During 1983, about 77% of the total flow into
the clarifier appeared in the output at the chlorine house after passing through
the sand filter beds.

An analysis of the radionuclide concentrations at the outfall over the
past several years has indicated a time lag between in ut and out ut from the
sand filter beds. This lag appears to be greater for 4Ccs and 137Cs than for

Sr, which explains why larger amounts of the latter were found in the effluent
relative to those in the influent.

Radionuclide concentration data for the former site boundary sampling lo-
cation (M) and at the present site boundary (Q) are also shown in Tables 1l1A and
11B. Stream flow at station M was measured using a v-notch weir. Proportional
stream sampling was conducted based on stream flow measurements. From June to
October, accurate flow measurements were not possible due to equipment failure
and flow rates which exceeded the measurement capability of the v-notch weir.
During this period, grab samples and non-proportional continuous samples were
collected at this station. Total activity values listed in Tables 11A and 11B
were calculated using the activity concentration measurements from the available
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Table 11B
1983 Environmental Monitoring
Sewage Treatment Plant and Peconic River
Gamma Spectroscopy Data

Location(a) Month 51Cr 60Co 65Zn 137Cs 7Be 83Rd BARb
---------------- (pCi/1)
Sewage Jan. 2.6 6.0 2.4 0.55 b b b
Treatment Feb. b 1.3 0.20 0.41 0.87 b b
Plant Mar. 0.29 1.5 1.1 0.77 0.31 b b
Influent April 0.84 1.5 0.77 0.16 0.51 b b
(DA) May b 1.2 0.37 0.28 0.93 b b
June b 1.0 0.20 0.11 0.62 0,26 0.41
July 0.57 1.5 0.017 0.096 0.50 0.22 1.4
Aug. 1.2 1.4 0.11 0.15 0.27 0.77 0.38
Sept. 0.42 0.60 b 0.19 0.60 0,11 0.068
Oct. 0.25 1.4 0.18 0.18 0.58 b b
Nov. 0.97 0.44 0.095 0.51 0.38 0.094 b
Dec. b 0.71 0.070 0.37 1.6 b b
Annual Average 0.59 1.44 0.40 0.29 0.58 0.15 0.21
mCi
Annual Total 0.74 1.8 0.51 0.37 0.74 0,19 0,26
pCi/1
Sewage Jan. 0.49 1.2 0.90 0.92 b b b
Treatment Feb. b 0.33 0.67 1.6 b b b
Plant Mar b 0.44 0.66 1.3 b b b
Eff luent April  0.50 0.84 0.54 1.4 b b b
(EA) May b b b 0,040 b b b
June 0.42 06.70 0.16 - 1.4 b b b
July b 1.1 0.18 1.7 b 1.1 0.57
Aug. b 1.1 0.079 1.3 b 0.57 0.27
Sept. b 0.71 0.25 2.4 b 1.1 0.38
Oct. b 0,47 0.17 1.2 b b b
Nov. b 0.22 0.083 0.57 b 0.034 b
Dec. b 0,27 0.12 0.57 b b b
Annual Average 0.12 0.65 0.31 1.24 b 0.26 0.12
mCi
Annual Total 0.12 0.62 0.30 1.20 0.25 0.11
pCi/1
Former Site Jan. b 0.78 0.76 0.96 b b b
Per mgter Feb. b 0.38 0.54 1.2 b b b
(O Mar. b 0.71 0.34 0.85 0.62 b b
April no sample
May b 0.74 b 0.63 b b b
June b 0.81 b 0.83 b b b
July b 1.0 b 1.4 b 0.68 b
Aug. b 3.7 b 2.7 b 1.4 b
Sept. b 2.8 b 2,6 b 0.87 b
Oct. no sample
Nov. b 0.27 b 0,60 b b b
Dec. b 0.68 b 0.63 b b b
Annual Average b 1.2 0.089 1.2 0.049 0.35 b
mCi
Annual Total b 1.6 0.12 1.6 0.066 0,47 b
pCi/l
Site Jan,. no sample
Bou?g3ry Feb. no sample
Q) Mar. no sample
April no sample
May b 0.44 b 0.65 b b b
June b 0.57 b 1.0 b b b
July b 0.93 b 1.5 b b b
Aug. b 2.0 b 2,7 b b b
Sept. no sample
Oct. b 0.47 0.2 0.97 b b b
Nov. b 0.25 0.054 0.40 b b 0.047
Dec. no sample
Annual Average b 0.39 0,022 0.60 b b 0.0039
mCi
Annual Total b 0.80 0.045 1.24 b b 0.0081

(a) Locations are shown in Figure 5. Plant influent and effluent flows are
shown in Table 11.A
(®) Below the Minimum Detection Limit. See Appendix B
() Calculations based on average monthly flow (1973-81 data) of 1.6 x 10% 1iters for
th?dgune—OCtober period. 9
All calculations based on average monthly flow (1973-81 data) of 1.7 x 107 liters.
Applicable Standards - See Table 17
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sampling regimes and an average monthly flow estimated from data collected be-
tween 1973 and 1981.

At station Q, obstructions in the stream beyond the site perimeter raised
the water level on the down side of the v-notch weir to a point where this
measuring device is no longer effective at measuring the flow of the Peconic
River. Consequently, all samples collected at this station were either grab or
non-proportional continuous samples. Total activity released at the site bound-
ary were calculated using the activity concentrations measured from the avail-
able sampling regimes and the average monthly flow as determined from the period
1973 to 1981.

Analysis of monthly composite samples of the Peconic River at the former
site boundary (0.8 km downstream from the chlorine house) during this period
showed that, on the average, <1%Z of the annual total activity (excluding
tritium) consisted of 70Sr and that no appreciable amounts of long-lived
radioactive iodine or bone-seeking nuclides such as radium were present. At the
Laboratory perimeter (2.6 km downstream from the chlorine house), where flows

were calculated from the nine year average, the average concentration of gy
was 1.05 pCi 2~1. Since the Peconic is not a direct source of drinking water,

the applicable RCG was 300 pCi 171 (0.3 x 1076 pci m1~1) (14).

Radionuclide measurements were also performed on samples of water col-
lected from the Peconic River upstream of the effluent discharge point, the
north tributary to the Peconic, and at downstream sampling stations. As shown
in Figure 5A, the specific sampling locations were as follows:

Off-Site (Peconic River, proceeding downstream)

A - Peconic River at Schultz Road, 4.85 km downstream,

R - Peconic River at Riverhead, 19.35 km downstream,

Controls

E - Peconic River, upstream from the Laboratory effluent outfall,

F - Peconic River, north tributary (independent of the Laboratory drain-
age area),

H - Carmans River, outfall of Yaphank Lake,

A summary of the radiological data for 1983 is shown in Table 11C. From
the table it is seen that the concentrations remained well below the applicable
RCG.

Measurements of selected water quality and purity parameters were
performed at the Sewage Treatment Plant, at the monitoring stations on the
Peconic River, and at control locations in order to provide a comparison with
the same parameters in the Laboratory effluent. These limited "grab" sample
data are shown in Table 12. The results indicate that, in general, the levels
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decrease with distance from the treatment plant outfall to levels comparable
with the control locations. Metal concentrations reflect ambient levels.

3.3.3 Recharge Basins:

After use in "once through" heat exchangers and process cooling, on the
average 15.5 million 1 d~! (MLD) of water was returned to the aquifer through
on-site recharge basins; 6.64 MLD to basin N located about 610 m northeast of
the AGS; 5.16 MLD to basin 0 about 670 m east of the HFBR; and 3.62 MLD to basin
P located 305 m south of the MRR (see Figs. 6 and 7). A polyelectrolyte and
dispersant is added to the AGS cooling and process water supply, to maintain a
phosphate concentration of about 2 ppm in order to maintain the ambient iron in
solution. Of the total AGS pumpage, on the average, 2.21 MLD was discharged to
the N basin, and 2.92 MLD to the O basin. The HFBR secondary cooling system
water recirculates through mechanical cooling towers and is treatd with inor-
ganic polyphosphate and mercaptobenzothiozone to control corrosion and deposi-
tion of solids. Blowdown from this system, 2.24 MLD, which contained about 6-
8 ppm inorganic polyphosphate and 3-4 ppm mercaptobenzothiozone, was also
discharged to the 0 basin. The untreated MRR-MRC "once through" coolant (3.62
MLD), after adjustment to a neutral pH, was discharged to the P basin.

Concentrations of radioactivity and other constituents in the water dis-
charged into these and other smaller basins are monitored by grab sampling. The
average concentrations of gross beta and tritium activity, water quality parame-
ters, and concentrations of heavy metals are given in Table 13. The average con-
centrations of gross beta activity in the basins were slightly above background.
The N basin receives water that has been used to cool the LINAC beam stops at
the AGS; the process results in the formation of short lived activation products
that are released to the N basin. The average concentration of gross beta activ-
ity discharged to the N basin was about 10% of the EPA Drinking Water Compliance
Level Standard (15]. In general, the average concentrations of gross beta and
tritium activity in the other basins were slightly above those in the Laboratory
supply wells and on the average, were about 5% of the applicable Drinking Water
Standards (15,17).

In general, water quality results were within established standards for
ground water. Elevated Fe and Cu concentrations indicate effects of chemical
treatment in the cooling water systems. Recharge basin S receives storm water
runoff. The slightly elevated levels of conductivity and chlorides apparently
reflect the practice of road-salting during winter storm conditions.

3.3.4 Aquatic Biological Surveillance:

Fish were collected at Donahue's Pond (Peconic Lake) and were analyzed
for gamma emitters. 137¢s was the only radionuclide found in detectable concen-
trations above the MDL. The activity level of 137¢s in edible flesh was 174
pCi/kg(wet) .
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Figure 7. On-Site:

Potable and supply wells and recharge sumps.
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3.3.5 Surveillance Wells:

3.3.5.1 Potable Water and Process Supply Wells:

The Laboratory's potable water wells and cooling water supply wells are
screened at a depth of about 30 m, about 15 m below the water table, in the Long
Island surface layer of glacial outwash, sand and gravel. As shown in Figure 7,
most of these wells are located west to north of the Laboratory's principal
facilities which is 'upstream' of the local groundwater flow pattern. As
indicated in Figure 6, about 25 MLD was pumped from them in 1983.

Grab samples were obtained from these wells. These were analyzed for
radioactivity and water quality. The results are shown in Tables 14A and 14B.
A1l gross alpha concentrations were <1 pCi/liter. With the exception of one
well, all tritium concentrations were at or near the MDL. The tritium concentra-
tion at this well, 500 pCi/%, was 2.5% of the Drinking Water Standard. There
are some fluctuations in the gross beta concentrations among these wells but the
variations are not considered significant. Concurrently, potable water is
routinely tested for water quality as part of the Suffolk County Water Authority
Compliance Assurance Program.

3.3.5.2 Groundwater Surveillance:

Samples of groundwater were obtained from a network of shallow surveil-
lance wells which have been installed in the vicinity of several locations where
a potential has existed for the percolation of radioactivity or other pollutants
from the surface downward into the saturated zone of groundwater. These include
areas adjacent to the on-site recharge basins, the sand filter beds, the Peconic
River, the solid waste management area, the former landfill, the current
landfill and the decontamination facility sump. The locations of most of these
groundwater surveillance wells are shown in Figure 8, except for those installed
at the landfill and solid waste management area which are shown in Figure 9.

For convenience in assessing the data, the wells have been divided into
several groups. Yearly average radionuclide concentrations of the wells adja-
cent to the sand filter beds, and downstream on the Peconic River are summarized
in Table 15A. Corresponding data for wells downstream (with reference to ground-
water movement) of the solid waste management area, the current and former
landfills, and the decontamination facility sump (about 1 km east of the HFBR)
are summarized in Tables 15B and 15C. Since the aquifer underlying Nassau and
Suffolk Counties has been designated as a ''Sole Source (23), the EPA and NYS
Drinking Water Standards are applicable [15,17]. The data, therefore, are
evaluated in terms of these standards.

In analyzing the data over the past decade, it is apparent that the
spread of radiocactivity in the groundwater from Laboratory operations has
remained within a few hundred meters of the identifiable foci. Above background
concentrations of gross beta emitters, tritium, and 90Sr have been found on-site
adjacent to the sand filter beds and the Peconic River. 1In 1983, they ranged
from 1-97 for gross alpha, 1-117 for gross beta, 1-40% for 3H, and 1-56Z for

0sr of the Drinking Water Standards 15,17). Adjacent to the Peconic River at
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Table 14A

1983 BNL Environmental Monitoring

Potable and Cooling Water Wells
Average Radionuclide Data

well 1n{8) No. of Gross o Gross B 34
Samples @ = = ————————- pCi/l1 -

1 2 0.32 6.33 500
2 2 0.69 1.45 210
3 2 0.28 2.86 <200
4 2 0.43 1.19 <200
5 2 0.48 1.06 <200
6 2 0.46 1.33 <200
7 2 0.50 1.22 <200

102 2 0.31 1.65 <200

105 1 <0.33 1.69 <200

NYS Drinking

Water Standard (15) 15 50(b) 20,000
(a)

(b)

Locations of Potable and Cooling Water Wells are shown in

Figure 7.

Compliance level.
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Table 15A
1983 BNL Environmental Monitoring
Sand Filter Beds and Peconic River
Ground Water Surveillance Wells, Average Radionuclide Data

Well No. of Samples
1D Analyzed Gross @ Gross B 3u 905 60¢, 137¢¢
———————— pCi/1
XB 1 0.31 2.6 210 0.25 a a
XC 1 1.3 3.3 240 1.94 a a
XA 2 0.45 3.7 7500 1,22 0.98 a
XD 2 0.18 0.49 180 <0.10 a a
XE 2 0.28 0.98 180 0.51 a a
XJ 2 0.29 0.87 180 0.93 a a
XI 2 0.23 1.3 180 <0.10 a a
XM 2 0.18 1.3 7900 0.81 a 2.7
XZ 1 0.40 1.8 890 b a a
XN 2 0.82 3.8 190 0.31 a a
XF 2 0.19 0.62 230 <0.10 a a
XK 1 0.23 4,60 3200 b b b
X0 1 0.11 0.30 200 2.45 0.41 a
XL 2 0.90 5.3 6200 4,44 a a
XX 2 0.36 1.4 360 b a a
X3 2 0.38 1.4 190 1.53 a a
XY 2 0.32 2,0 610 2,85 a a
X1 2 0.25 1.3 180 b b b
X2 2 0.18 0.68 720 b b b
XS 1 0.27 3.5 4300 b a a
XT 1 0.18 l.1 190 1.20 a a
XW 1 0.31 0.96 190 0.24 a a
NYS Drinking
Water Standards 15,0 50.0(¢)20,000 8.0

(a) Below the minimum detection limit.
(b) Indicates no sample analyzed.
(e) Compliance level.

Applicable standards - See Appendix B
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Table 15B
1983 BNL Environmental Monitoring
Waste Management Area
Ground Water Surveillance Wells, Average Radionuclide Data

Well No. of Samples
ID Analyzed Gross o Gross B 3H 908r 137Cs 60Co 22Na 6SZn
———- pCi/1 -
Wl 2 0.16 2.2 220 0.12 a a a a
wJ 2 0.24 4,2 1,900 0.79 0.05 a 0.083 a
WB 4 0.83 23,0 600 5.18 2.0 0.48 a a
weC 4 1.4 16.0 760 3.38 0.36 0.10 0.81 a
WD 3 0.51 13.0 8,300 10.10 0.11 a a a
WE 4 0.34 14.0 560 6.20 0.06 a a a
w1 4 0.59 34,0 1,300 17.20 0.045 a 4,9 a
WK 4 0.64 39.0 6,500 28.55 a 0.055 4.3 a
WL 4 0.73 44,0 51,000 26.58 0.093 0.068 0.43 0.3
w2 3 1.5 39,0 1,900 20,70 a a 0.21 a
WN 2 0.74 2,7 540 0.19 a a a a
2L 2 0.20 0.57 190 0.11 0.18 a a a
2M 2 0.19 0.63 14,000 <0.09 a a a a
2N 2 0.39 0.83 460 <0.09 a a a a
W3 1 0.23 0.96 190 0.28 a a a a
w7 1 0.11 0.30 180 0.10 a a a a
Wi 1 0.11 0.30 180 0.13 a a a a
w8 1 0.11 0.30 180 <0.10 a a a a
W5 1 0.11 0.30 180 <0.09 a a a a
19 1 0.36 3.2 180 0.46 a a a a
wo(b) 0.33 1.2 180 <0.10 a a a a
w(bP) g 0.50 3.6 180  0.09 a a a a
wwib) 0.11 0.30 180  0.20 a a a a
NYS Drinking
Water Standards 15.0 50.0(¢) 20,000 8.0

(a)
(b)
(c)

Below the minimum detection limit. See Table 18.
Wells are downgradient of Waste Management, Current Landfill, and Former Landfill.

Compliance level,

Applicable standards - See Appendix B
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Table 15C
1983 BNL Environmental Monitoring
Landfill Areas
Ground Water Surveillance Wells, Average Radionuclide Data

Well No. of Samples

1D Analyzed Gross o Gross B 3H 9OSr 137Cs 60Co 22Na 652n
————————————————— pCi/1 - —————————

Current Landfill

wé 5 0.51 3.5 200 0.38 0.14 a a a

WT 4 1.3 1.3 200 0.23 0.15 a a a

WR 4 2.8 21.0 4,200 2,87 0.37 a 0.15 a

WS 4 3.9 26.0 7,700 2,42 a a 2.0 a

1K 4 3.8 21.0 2,700 2.07 l.1 a a a

2C 4 3.0 30.0 7,800 5.89 a a 0.38 a

W9 4 3.6 20,0 5,300 3.08 a a 0.34 a

2D 1 6.3 25.0 250 2.82 no sample

2H 2 0.33 4.5 910 2.38 a a 0.46 a

2J 2 0.28 7.0 2,400 7.02 a a 0.87 a

2K 2 0.27 8.6 1,100 2.83 a a 0.42 0.17

21 2 0.58 6.8 1,200 3.27 a a 0.45 a

2B 2 0.20 0,99 180 0.36 a a a a

2A 1 0.11 0.30 180 0.60 a a a a

Former Landfill

11 1 0.23 1.0 190 <0.10 a a a a

WP 1 0.28 1.7 190 0.46 a a a a

1J 1 0.23 0.53 190 <0.10 a a a a

wQ 1 0.29 0.57 310 <0.,20 a a a a

WO 1 0.23 0.42 190 0.21 a a a a

650 Sump

1F 1 0.33 1.7 190 0.28 a a a a

1A 2 0.52 71.0 180 53.9 a a a a

1B 2 0.45 2.5 190 - no sample

1H 2 0.50 79,0 190 80.1 a a a a

1D 2 0.27 1.6 180 0.44 a 1.0 a a

1C 2 0.21 3.0 240 0.23 a 1.1 a a

1E 2 0.35 41.0 190 46.5 a a a a

1G 1 0.28 1.6 400 —— a a a a

Miscellaneous Wells

SE 1 0.67 8.49 190 no sample

SG 1 0.29 0.70 250 no sample

SI 1 0.29 1.42 190 no sample

2F 1 0.29 4.83 250 no sample

2G 1 0.36 1.32 190 no sample

NYS Drinking

Water Standards 15.0 50.0(P) 20,000 8.0

(a) Below the minimum detection limit.

(b) Compliance level.
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the site boundary (wells Xl and X2), the maximum gross beta and tritium concen-
trations were less than or equal to 3% and 4%, respectively, of the Drinking
Water Standards. In 1978, samples of well water collected from homes and well
XS (all of which are downstream with reference to groundwater movement of the
Laboratory and the Peconic River) had indicated 90Sr concentrations approaching
one to two pCiR'l. In 1982, all were <1 pCiR-l, less than the EPA drinking
water limit of 8 pCiJZ,'l (ISj. An extensive study of wells throughout Suffolk
County in 1979 indicated that, on the average, shallow wells contained greater
concentrations of 20Sr than deeper wells, regardless of their proximity to the
Laboratory. This observation is attributed to fallout from past nuclear tests
during the 1950's and early 1960's. In 1983, the maximum value observed for
0sr was 0.4 pCi/L. The average 905r concentration for the nine private wells
adjacent to the Peconic River was 0.1 pCi/f which indicates a continuing decline.

At the former landfill area, radionuclide concentrations ranged from
nondetectable to background levels.

In several wells adjacent to the Waste Management area (Table 15B), the
concentrations of gross beta activity, tritium and 90g, activity concentrations
for 1983 showed some decline. However, several wells which had shown elevated
levels of gross B and 903y had increased in concentration for these radio-
nuclides. When compared to 1982, wells W1, WK, WL, and W2 had higher gross B
concentrations with W1, WK, and WL also exhibiting elevated 90Sr concentrations.
Wells W1 and WK also exhibited increases in tritium levels. Wells WD, Wl, WK,
WL, and W2 exceed the drinking water standards for 905y and reflect the inadver-
tent injection of approximately one Ci of aged fission products into groundwater
at well WA. Similarly, 137Cs and certain activation products were detected in
several wells downgradient of the injection point. The tritium levels observed
in wells WL and 2M apparently indicate the migration of tritium from an as yet
unidentified source at the Waste Management Area. The tritium concentration
measured in well WL is a factor of 2.6 greater than the drinking water standard.

Gross beta concentrations were observed to decrease in several wells imme-
diately adjacent to the landfill, i.e., WS, 1K, W9, and 2C. This is attributed
both to the discontinuation of the disposal of radioactive waste on the landfill
in 1976, as well as the movement and dilution of radioactivity in the ground
water adjacent to it. Compared to 1982, data from wells downgradient of the cur-
rent landfill indicated that 90Sr levels have remained relatively constant
or decreased in wells immediately adjacent to it. Tritium concentrations
decreased in wells W9, 2H, and 2B. However, concentrations increased in wells
1K, 2C, 2D, 2J and 2K, indicating migration of ground water away from the
landfill. The measured concentrations did not exceed the drinking water stan-
dards in any of the landfill monitoring wells.

At the decontamination facility (Bldg. 650) sump, radionuclide levels var-
ied from those observed over the years. Gross beta and 90sr levels substan-
tially declined in well 1H, but increased in wells 1A and 1E. The 905y levels
in these wells exceeded the EPA limits of 8 YCil_l. However, calculations done
using groundwater travel times of 16.2 cm d™! (7), the 905y distribution coeffi-
cient for ion exchange, and distance to the nearest potential user of drinking
water, lead to predicted travel times of about 60 years for 90sr from this loca-
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tion to reach the site boundary. In addition to physical decay (covering a pe-
riod of two 20sr half-lives), considerable dilution by infiltration of precipita-
tion would also be anticipated. Based on the existing levels in the above

wells, the Laboratory does not foresee that this could cause the concentrations
of “YSr in any well off-site to exceed EPA drinking water limits. The Labora-
tory will continue monitoring in these areas as part of the ongoing program of
ground water evaluation.

The groundwater surveillance also included the evaluation of several
water quality and metal parameters. The data for wells adjacent to the sand fil-
ter beds and downstream of the Peconic River on- and off-site, are shown in
Tables 15D and 15E. The data for wells adjacent to the solid waste management
area (Tables 15F and G), the current and former landfill (Tables 15H and 15I),
and the 650 sump and miscellaneous wells (Tables 15J and 15K) are also shown.

In general, the data for samples obtained from wells adjacent to the sand
filter beds and the Peconic River were comparable to those observed during previ-
ous years. All analyzed water quality parameters were within New York State
Water Quality Standards (17), with some exceptions for pH and Fe. The occa-
sional lower pH levels appear to reflect natural ambient levels, since higher pH
levels were present in the input to and output from the sewage treatment plant
(see Table 10). Concentrations of Fe and Zn in excess of water quality stan-
dards were found in several wells throughout the site. The detection of Zn
apparently reflects a well-casing effect, i.e., leaching of Zn from the
galvanized pipe. The elevated levels of Fe in the current landfill monitoring
wells are believed to reflect the practice of landfilling the Fe flocculant from
the water treatment plant. It should be noted that high Fe concentration is
indigenous to groundwater in this region. Zn and Fe are nuisance elements and
do not pose significant health hazards. Consumer taste preference and staining
of plumbing fixtures were the criteria used in the formulation of regulatory
limits (34).

The general rate and direction of groundwater movement is 16.2 cm a7l and
predominantly in the southeast direction 6*8). It appears, therefore, that
many years of travel time would be required for groundwater from on-site loca-
tions that contain small concentrations of radioactivity or other pollutants to
reach an off-site well. Considerable dilution and decay will reduce the concen-
trations to levels significantly below the drinking water standards.

3.4 Unusual Occurrences:

3.4.1 0il Spills:

During 1983, five minor oil spills (10-50 gallons) occurred on site.
Clean-up procedures were instituted immediately, to interdict potential groundwa-
ter contamination. The absorbents used to clean up the spills were disposed of
according to New York State Department of Environmental Conservation
recommendations. Spills are reported to NYSDEC in accordance with the require-
ments set forth in the Laboratory's Spill Prevention, Control, and Countermea-
surés Plan.
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In September, a PCB spill of approximately 175 gallons occurred at the
substation near Building 927. Clean-up procedures were rapidly implemented and
involved excavation of the contaminated soil for ultimate off-site disposal at
a licensed facility. Soil was removed to a depth of four feet (PCB concentra-
tion < 2 ppm) and a bentonite clay cap was installed to prevent infiltration of
precipitation. All work and remedial action was approved by the NYSDEC.

4.0 OFF-SITE DOSE ESTIMATES

The doses to the public from the reported levels of radiation and concen-
trations of radiocactivity in air and water, above ambient background, are
principally attributable to the following Laboratory sources:

1. airborne radioactive effluents, primarily tritium, and

2. radioactive liquid effluents.

These are discussed below, and the collective dose-equivalent during 1983
due to these sources is calculated.

4.1 Collective Dose Equivalent Due to Airborne Effluents:

As indicated in Table 4, a total of 290 Ci of tritium vapor were released
from various Laboratory facilities during 1983. It was the largest source of
dose equivalent to persons off-site, relative to other airborne radionuclides in
the BNL effluent streams. Data given in Table 8 indicates that the highest an-—
nual average site boundary concentration of tritium vapor was 4.9 x 1 pCi m~
at station P-7. The calculated maximum dose equivalent was 2.5 x 10 ' rem for
the hypothetical individual residing at that location (32). The dose equiva-
lents due to 1Ar, 150, and gaseous “H were not measurable. The calculated per
capita annual average dose-equivalent rates for these radionuclides at the site
boundary were 1.8 x 107° rem a_l, 1.4 x 1072 rem a—l, and 1.1 x 1079 rem a”l, re-
spectively. These are insignificant when compared to the tritium vapor contribu-
tion, and thus were not included in the final estimates.

The collective (population) dose equivalent was calculated for
radionuclides released to the airborne environment using measured effluent re-
lease data and recorded BNL meterological parameters. Using actual source
terms and meterological data at the given release point should yield the best
projection of airborne concentrations, and thus dose to the general population.
This approach also minimizes the effects of local micrometerological conditions
which may existj; resulting in differences between the measured and expected
tritium concentrations at the perimeter monitoring stations. The magnitude of
the variation between measured versus expected tritium concentrations at the
site boundary varied during 1983 by factors of approximately 3 to 200. Dose
equivalents are shown in Table 16. Methods used to calculate the dose equiva-
lents are described in Appendix C. The collective dose-equivalent (total popula-
tion dose due_to the Laboratory tritium effluent and the incinerator releases)
was 4.0 x 1072 rem a~l. This can be compared to the total population dose-
equivalent due to natural background (63.1 mrem a”l = the average off-site TLD
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Table 16
1983 BNL Environmental Monitoring
Collective Annual Dose-Equivalent Rate Due to

Releases from BNL Facilities

HFBR Stack Waste Management Van de Graff Roof Vent
Incinerator Medical Roof Vent Sewage Treatment
Month Chemistry Roof Vent Plant Effluent

Person-rems a

January 3.3 x 1003 3,5x 107 4.3 x 1074 1.4 x 1070
February 2.4 x 1003 3,5 x 107 2.2 x 1074 1.8 x 1070
March 3.0 x 1073 1.4 x 1079 2.2 x 1074 8.3 x 10~/
April 2.6 x 1003 5.8 x 1077 2.9 x 1074 3,1 x 1076
May 2.4 x 1073 4,5 x 107/ 3,2 x 1074 5.3 x 107/
June 3,3 x 1003 1.7 x 1074 1.2 x 1073 3.3 x 107°
July 1.3 x 1003 1,0 x 107 2.7 x 1074 6.9 x 107°
August 3.3x 1003 1.7 x 107% 5.4 x 1074 1.0 x 1072
September 2.5x 1003 3,7 x 107/ 1.4 x 1073 7.7 x 1078
October 2.4 x 1073 5.8 x 1070 2.4 x 1074 3.9 x 1070
November 4.2 x 1003 2.6 x 107 1.0 x 1073 3.4 x 1070
December 2.2 x 1003 2.0 x 1072 2.3 x 1074 4.5 x 1077
Annual

Totals 3.3x 1072 5.1 x 1074 6.4 x 1073 4.3 x 107
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Table 17
Maximum Permissible Levels of Radioactive
Contamirnants in Air and Water

RCG EPA and NYS NYS Standard
Contaminant Alr Water Drinking Water Standard Alr
uCi/ml) G Ci/ml) (uci/ml) (uCi/ml)

Gross a 1 x 10713 6 x 1077 1.5 x 1078 1 x 10713

Gross B 1 x 10710 1 x 1077 5 x 1078* 1 x 10710

3u 2 x 1077 3% 1073 2 x 1079 2 x 1077

905, s 3 x 10711 3 x 1077 8 x107? 3 x 10711
1 2 x 10710 4 x 1073

Gamma Emitters

"Be s 2 x 1077 2 x1073 1.5 % 1073 2 x 1077
1 4 x 1078 2 x 1073

22y, s 6 x 1079 4 x 1073 4 x 1072 6 x 1077
1 3 x 10710 3 x 107

Sl g 4 x 1077 2 x 1073 4 x 1077 2 x 1073
1 8 x 1078 2 x 1073

S4qn s 1 x 108 1 x 1074 7 x 1077 1 x 1078
1 1 x 1072 1 x 1074

57¢o s 1 x 1077 5 x 1074 1 x 1077 5 x 1074
1 6 x 1072 4 x 107%

58c, s 3 x 1078 1 x 1074 3 x 1078 1x 1074
1 2 x 1077 9 x 1075

5%e s 5 x 1079 6 x 1077 s x 1079 6 x 1077
1 2 x 1070 5% 1077

60c, s 1 x 1078 5 x 1077 4 x 1077 1 x 1078
1 3 x 10710 3 x 1073

65z, s 1 x 1077 3 x 1073 4 x 1079 1 x 1074
1 6 x 1078 5 x 1073

Thps s 1 x 1078 5 x 1079 1 x 1078 5 x 1073
1 4 x 1079 5 x 1073

75s¢ s 4x 1078 3x 1074 4 x 1077 3x 1074
I 4 x 1079 3 x 1074

82, s 4 x 1078 3 x 1074 4 x 1078 3 x 1074
I 6 x 1072 4 x 1075

86gp, s 1 x 1078 7 x 1072 1 x 1078 7 x 1072
1 2 x 1077 2 x 107

1255, 5 2 x 1078 1 x 1074 1.5 x 1077 2 x 1078
1 9 x 10710 1 x 1074

1260 5 9x 1071 351077 9 x 10711 3 x 1077
I 1 x 1078 9 x 1073

131y ¢ 1 x 10710 3 x 1077 1.5 x 1078 1 x 10710
1 1 x 1078 6 x 1075

1340 5 1 x 1079 9 x 1078 6.5 x 1078 1 x 1072
1 4 x 10710 4 x 1070

137¢s s 2 x 10679 2 x 1077 1.5 x 1077 2 x 1072
1 5 x 10710 4 x 1073

184ce g 3 x 10710 1 x 1073 7 x 1078 3 x 10710
1 2 x 10710 1 x 1073

1915 g 4 x 1078 2 x 1074 4 x 1078 2 x 1074
1 1 x 1078 2 x 1074

203y, g 2 x 1079 2 x 1073 2 x 1079 2 x 1073
1 4 x 1079 1 x 1074

S: Soluble

I: Insoluble
* EPA compliance level
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value, Table 3) of 3.0 x 103 rem a~l. The Laboratory releases contributed
<0.00001% of the total dose due to natural background.

4.2 Collective Dose Equivalents Due to Liquid Effluents:

Since the Peconic River is not utilized as a drinking water supply, nor
for irrigation, its waters do not constitute a direct pathway for the ingestion
of radioactivity. However, the upper portions of the river are utilized for oc-
casional recreational fishing by the local population.

Based on discussions with the New York State Department of Environmental
Conservation regarding fish productivity in the Peconic River, it was assumed
that: (a) the fish analyzed was the most frequently caught; (b) 100 fishermen
caught 500 kg of fish in 1983 and that their families consumed all of these
fish; (c) the distribution of adults and children (based on an average family of
2 adults and 2 children) was 370 adults and children above 12 years of age and
66 children below 12 years (4]. Thus, the estimated annual average fish consump-
tion by the adult group was 1.36 kg/yr and for children below 12 years was 0.46
kg/yr (as compared to the USNRC Regulatory Guide (22) value of 21 kg/yr and 6.9
kg/yr respectively). Based on these values for consumption of fish and other
relevant assumptions recommended in_ the NRC Regulatory Guide 1.109 [22], and the
maximum observed concentration of 137Cs in fish (174 pCi/kg(wet)), the collec-
tive dose equivalent to total body from this indirect pathway can be estimated
to be 0.004 rem (0.011 mrem x 370 persons) for adults and 0.0002 rem (0.004 mrem
x 66 persons) for infants.

4.3 Dose Equivalents Due to Alternating Gradient Synchrotron:

The AGS is located 1180 meters from the nearest site boundary. Although
the machine is heavily shielded, some neutrons do penetrate the shield and
others escape from areas where experiments are in progress. Some of these neu-
trons reach off-site areas either directly, or more likely by scattering from
the air (which is called skyshine).

Neutron dose equivalents were measured at three Laboratory environmental
monitoring stations P-2, P-4, and S-5. Dose equivalents at these locations were
determined to be 0.44 mRem, 1.26 mRem, and 0.45 mRem, respectively, for the pe-
riod October 22, 1982 to March 2, 1983. Using these data, an annual dose equiva-
lent at the above environmental stations can be extrapolated to be 1.23 mRem,
3.51 mRem and 1.25 mRem respectively. These values correspond to typical dose-
equivalent values due to cosmic sources (28). Since the neutron dose due to AGS
operations was not detectable, it has not been included in the final collective
dose equivalent for BNL.

4.4 Collective (Population) Dose-Equivalent

The collective (population) dose-equivalent (total population dose) be-
yond the site boundary, within a radius of 80 km, attributed to Laboratory opera-
tions during 1983 is the sum of the values due to the three components discussed
above, as shown below:
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Pathway Collective Dose-Equivalent
(person-rem)

External

AGS Skyshine ND*
Airborne

Tritium 0.04
Liquid

Fish Consumption 0.004%%

* ND: Not Detectable

#% Infants 0.0002, Adults 0.004

The collective dose equivalent due to external radiation from natural back~
ground, to the population within a 80 km radius of the Laboratory, amounts to

about 3.3 x 10° rem a_l, to which about 9.7 x 10* rem a~l (person-rem a—l),
should be added for internal radioactivity from natural sources.
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APPENDIX A

QUALITY CONTROL

Radioactive Measurements:

Radiation measurement instruments were standardized with certified
radioactive standards obtained from the National Bureau of Standards, U.S. De-
partment of Commerce, are used to standardize radiation measurement instruments.
These standards are certified to be within 5% of stated values. In some cases,
certified standards, traceable to the National Bureau of Standards, were also
obtained from Amersham/Searle for this purpose. Daily checks of instrument per-
formances are made with these standards. Backgrounds are measured daily for
gross alpha and beta counting systems. Backgrounds are measured weekly for
gamma and alpha spectroscopy equipment. For tritium measurements a number of
standards and blanks are included with each run of a liquid scintillator
counter, which has a programmed automatic sample changer.

The Analytical Laboratory of BNL's Safety and Environmental Protection Di-
vision was a participant in an inter-laboratory comparison of samples of differ-
ent matrices such as water, air filters, soil, vegetation and bone which contain
a number of frequently encountered radionuclides. These samples were
distributed, by the Department of Energy through its Environmental Measurements
Laboratory on a semiannual basis. The radionuclides assayed were 3H, 90Sr, plu-
tonium isotopes, and several gamma emitting nuclides. Most results were within
the %20% acceptance criteria. Outlying results were examined and corrective
action implemented.

Measurements of Water Quality Parameters:

The procedures utilized for the assay of nonradioactive contaminants were
those presented in Standard Methods for the Examination of Water and Wastewater
(14th edition, 1975).
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APPENDIX B

Minimum Detectable Concentration for Gamma Emitting
Radionuclides in Air and Water Samples

*Intrinsic Germanium
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Medium Air Well Water Surface Water
*Detector #1 & #2 #3 #1 & #2 #3 #1 & #2 #3
Units < uCi/mg - + uCi/mf ~» . <+ uCi/mf -+
Nuclide
7B 1.1x107 % 1.1x107* 0 10321077 1.2x1077 2.5x1070 2.3x107°
¥ 2.0x107  1.3x107"  2.3x1070  1.3x10710  4.3x10710  2.5x10710
60¢, 261075 2.0x107°  2.7x1071%  2.0x107!0  5.1x10710  3.8x1071°
131, 15107 1.4x107  1.9x107!1%  1.6x107!0  3.6x10710  3.0x107!
13464 2.2x107° 152107 2.5x10710  1.6x10710  4.ex10710  3.0x107!
13764 212107 1.3x107°  2.4x10710  1.5x10710  4.5x10710  2.8x107!
1446, 8.7x10™1°  7.3x1071°  1.2x1077  9.3x10710  2.3x10™°  1.8x107?



APPENDIX C

Methodology for Dose-Equivalent Calculations

Dispersion (¥X/Q) was calculated for release elevations of 10 and 100
meters at each of the 16 directional sectors, and for 5 distance increments
(1.6-16 km, 16-32 km, 32-48 km, 48-64 km, and 64-80 km) from the center of the
site. The resulting dispersion values represent a monthly integral of the dis-
persion for a given distance and sector. The radionuclide specific release
rates (uCi/sec) for a given month from the HFBR stack, the Chemistry Building
roof vent, the Medical Building roof vent, the van de Graaff roof vent, the
Hazardous Waste Management Incinerator stack, and for evaporation from the Sew-
age Treatment Plant were then used to estimate the air concentration at a given
sector and distance. Air concentrations resulting from evaporation of sewage
treatment plant effluent were estimated by assuming that 50% of the tritium was
lost to the atmosphere; it was further assumed that this release dispersed in an
identical manner to the 10 m roof-top releases. The air concentration,
multiplied by the adult breathing rate (22.8 m3 d~1), the number of days per
month, the dose conversion factor for a given radionuclide (32), and the disper-
sion and population values for that sector and distance resulted in the monthly
population nuclide-specific dose equivalent for each sector with distance. This
procedure was conducted for each month, radionuclide, and release point. The
dose equivalents were then summed to obtain the total population dose equivalent
resulting from BNL operations.
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