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1.0 INTRODUCTION
1.1 Site Mission

Brookhaven National Laboratory (BNL) is managed by Associated Universities
Inc. (AUI), under Department of Energy (DOE) Contract No. DE-AC02-76CH00016. AUI
was formed in 1946 by a group of nine universities whose purpose was to create
and manage a laboratory in the Northeast in order to advance scientific research
in areas of interest to universities, industry, and government. On January 31,
1947, the contract for BNL was approved by the Manhattan District of the Army
Corp of Engineers and BNL was established on the former Camp Upton Army camp.

Brookhaven carries out basic and applied research in the following fields:
high-energy nuclear and solid state physics; fundamental material and structure
properties and the interactions of matter; nuclear medicine, biomedical and
environmental sciences; and selected energy technologies. In conducting these
research activities, it is Laboratory policy to protect the health and safety of
employees and the public, and to minimize the impact of BNL operations on the
environment.

1.2 Site Characteristics

Brookhaven National Laboratory is a multidisciplinary scientific research
center located close to the geographical center of Suffolk County on Long Island,
about 97 km east of New York City. Its location with regard to the metropolitan
area and local communities are shown in Figures 1 and 2, respectively. About
1.40 million persons reside in Suffolk County! and about 0.43 million persons
reside in Brookhaven Township, within which the Laboratory 1is situated.
Approximately eight thousand persons reside within a half kilometer of the
Laboratory boundary. The distribution of the resident population within 80 km
of the BNL site is shown in Figure 1 and Appendix D, Table 1. The population
distribution within 0.5 km of the BNL site is shown in Figure 2. Although much
of the land area within a 16 km radius remains either forested or cultivated,
there has been continuing residential and commercial development near the
Laboratory during recent years.

The Laboratory site is shown in Figure 3. It consists of 21.3 square
kilometers (2,130 hectares [ha]), most of which is wooded, except for a developed
area of about 6.7 square kilometers (670 ha). The site terrain is gently

rolling, with elevations varying between 36.6 and 13.3 m above sea level. The
land lies on the western rim of the shallow Peconic River water shed. The marshy
areas in the north and eastern sections of the site are a portion of the Peconic
River headwaters. The Peconic River both recharges and receives water from the
ground water aquifer depending on the hydrogeological potential. 1In times of
drought the river water typically recharges to ground water while in times of
normal to above normal precipitation, the river receives water from the aquifer.
This area had been essentially dry from 1984 wuntil the spring of 1989.
Consequently, 1liquid effluents £rom the BNL Sewage Treatment Plant (STP)
constituted the principle source of water in the tributary’s river bed during the
first three months of 1989 but recharged to ground water prior to leaving the
site boundary. Beginning in the second quarter of 1989 and continuing through
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BROOKHAVEN NATIONAL LABORATORY
LOCAL AND ON-SITE POPULATION DISTRIBUTION
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Figure 2: Brookhaven National Laboratory Local
and On-Site Population Distribution



Figure 3: Major Facilities



1990, heavy rains produced flow upstream of the BNL Chlorine House (Location EA)
which provided sufficient additional volume to produce flow off-site. 1In 1990,
an estimated 0.8 million liters per day of water was added to the headwaters of
the Peconic from ground water discharge.

The Laboratory uses approximately 16.7 million liters of ground water per
day to meet potable water plus heating and cooling requirements. Approximately
41% of the total pumpage was returned to the aquifer through on-site recharge
basins. About 15% is discharged into the Peconic River Bed. Human consumption
utilizes 2% of the total pumpage while evaporation (cooling tower and wind
losses) and cesspool plus line losses account for 31% and 10%, respectively.

In terms of meteorology, the Laboratory can be characterized, like most
eastern seaboard areas, as a well-ventilated site. The 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.?3 The 1990 annual wind rose for BNL is presented in Figure 4. The ten
year average wind rose (1980 to 1989) for the BNL site is presented in Figure 5.
The joint frequency distribution for the period 1980 to 1990 is presented in
Appendix D, Table 2. The average temperature in 1990 was 11.5° C and the range
was -17.6° C to 33.3° C. Monthly minimum, maximum, and average temperature data
are presented in Appendix D, Table 3 and shown graphically in Figure 6.

Studies of Long Island hydrology and geology*”’ 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
these deposits readily and there is little direct run-off into surface streams,
except during periods of intense precipitation. The total precipitation for 1990
was 135 cm, which is about 12 cm above the 40 year annual average. The historic
and 1990 monthly precipitation data are presented in Figure 7 and 8, respective-
ly. The monthly and annual precipitation data are also presented in Appendix D,
Table 3. On the average, about half of the annual precipitation is lost to the
atmosphere through evapotranspiration and the other half percolates through the
soil to recharge ground water.

Ground water flow in the vicinity of BNL is controlled by many factors.
The main ground water divide lies 2 to 8 kilometers south of Long Island Sound
parallel to the Sound. East of BNL is a secondary ground water divide that
defines the southern boundary of the area contributing ground water to the
Peconic River. The exact location of the triple-point intersection of these two
divides is not known and may be under BNL. South of these divides the ground
water moves southward to Great South Bay and to Moriches streams. In general,
the ground water from the area between the two branches of the divide moves out
eastward to the Peconic River. North of the divide ground water moves northward
to Long Island Sound. Pressure of a higher water table to the west of the BNL
area generally inhibits movement towards the west. Variability in the direction
of flow on the BNL site is a function of the hydraulic potential and is further
complicated by the presence of clay deposits that accumulate perched water at
several places plus the pumping/recharge of ground water that are part of BNL
daily operations.



16

Annual Wind Rose for 1990

8 12

12
| percent

Figure 4: Annual Wind Rose for 1990
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Figure 5: Wind Rose 1980 to 1989
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In general, ground water in the northeast and northwest sections of the
site flows towards the Peconic River. On the western portion of the site, ground
water flow tends to be towards the south while along the southern and southeast-
ern sections of the site the ground water flow tends to be towards the south to
southeast. In all areas of the site, horizontal ground water velocity is
estimated to range from 30 to 45 cm/d.” The site occupied by BNL has been
identified by the Long Island Regional Planning Board® and Suffolk County as
being over a deep recharge zone for Long Island. This implies that precipitation
and surface water which recharges within this zone has the potential to replenish
the lower aquifer systems (Magothy and/or Lloyds) which exist below the Upper
Glacial Aquifer. The extent to which the BNL site contributes to deep flow
recharge is currently under evaluation. However, it is estimated that up to two
thirds of the recharge from rainfall moves into the deeper aquifers and that
their recharge represents ten percent of the total recharge to the ground water
system. If left unimpeded, these lower aquifers discharge to the Atlantic Ocean.

1.3 Existing Facilities

A wide wvariety 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 materials;

4. The production of special radionuclides and their medical applica-
tions;

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 are described below:

1. The High Flux Beam Reactor (HFBR) is fueled with enriched uranium,
moderated and cooled by heavy water. In the past, this facility
operated at a routine power level ranging from 40 to 60 MW thermal.

2. The Medical Research Reactor (MRR), an integral part of the Medical
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 thermal.

- 11 -



3. The Alternating Gradient Synchrotron (AGS) is used for high energy
physics research and accelerates protons to energies up to 30 GeV
and heavy ion beams to 15 GeV/amu.

4. The 200 MeV Linear Accelerator (LINAC) serves as a proton injector
for the AGS and also supplies a continuous beam of protons for
radionuclide production by spallation reactions in the Brookhaven
LINAC Isotope Production Facility (BLIP).

5. The Tandem Van de Graaff, Vertical Accelerator, Cyclotron, and
research Van de Graaff are used in medium energy physics investiga-
tions, as well as for special nuclide production. The heavy ions
from the Tandem Van de Graaffs can also be injected into the AGS for
use in physics experiments.

6. The National Synchrotron Light Source (NSLS) utilizes a linear
accelerator and booster synchrotron as an injection system for two
electron storage rings which operate at energies of 750 MeV vacuum
ultraviolet (VUV) and 2.5 GeV (x-ray). The synchrotron radiation
produced by the stored electrons is used for VUV spectroscopy and
for x-ray diffraction studies.

7. The Heavy Ion Transfer tunnel connects the coupled Tandem Van de
Graaffs and the AGS. The interconnection of these two facilities
permits the injection of intermediate mass ions into the AGS where
the ions can be accelerated to an energy of 15 GeV/amu. These ions
are then extracted and sent to the AGS experimental area for physics
research.

8. The Radiation Effects Facility (REF) is being used for proton
radiation damage studies on aerospace and satellite components. The
REF utilizes the 200 MeV negative hydrogen ion beam produced at the
LINAC injector to the AGS.

9. The Neutral Beam Test Facility (NBTF) receives the 200 MeV negative
hydrogen beam generated by the LINAC and neutralizes the beam to
provide a neutral proton source for use in physics experiments. The
facility will be used to study the effect of this type of radiation
on aerospace, satellite, and biological targets.

10. The AGS Booster, currently wunder construction, is a circular
accelerator with a circumference of 200 meters that will receive
either a proton beam from the LINAC or heavy ions from the Tandem
Van de Graaff. The Booster will accelerate proton particles and
heavy ions prior to injection into the AGS ring.

Additional programs involving irradiations and/or the use of radionuclides
for scientific investigations are carried out at other Laboratory facilities
including those of the MRC, the Biology Department, the Chemistry Department, and
the Department of Applied Sciences (DAS). Special purpose radionuclides are
developed and processed for general use under the joint auspices of the DAS and
the Medical Department.

-12 -



1.4 Programmatic Changes in 1990

There were several modifications to the Site Environmental Monitoring
Program in 1990. In general, these changes were designed to either enhance the
environmental surveillance program, improve data quality or address regulatory
compliance needs. Six changes were made at the beginning of 1990.

First, in an effort to locate all environmental monitoring locations on the
BNL site mapping system, ground water surveillance wells were re-identified by
the three digit sector number of the BNL site map in which they appear and a two
digit sequence number. The resulting five digit code (Example 098-05) replaced
all former well identifiers (Example MW13). This facilitated generation of a
single map which located all ground water monitoring wells and provided the
capability to produce a limitless variety of localized maps wusing CADCAM
computerized technology. The second change provided a different method for
assaying air particulate filters. Prior to 1990, ambient air particulate filters
for the entire site were composited monthly and analyzed for gamma emitting
radionuclides. Beginning in January, each sample location was analyzed weekly.
The change provided location specific radionuclide concentration levels but did
increase the system limits of detection. This change was made as a result of the
1989 Dames and Moore audit of the environmental monitoring program. The third
change was the inclusion of ponded water near the Hazardous Waste Management
Facility (HWMF) and the Current Landfill on the routine sampling schedule.
Addition of these two locations to the routine sampling program was made in an
effort to allocate time to obtain samples from this area where water is present
on an intermittent basis.

The fourth change was the use of the CAP88 or AIRDOS-PC computer models for
evaluation of impacts from radiological airborne effluents. The implementation
of this evaluation system ended the use of the site specific BNL Gustiness method
to model dispersion. This change was made to facilitate compliance with 40 CFR
61 Subpart H requirements. Down draft from the Building 705 stack was also
included in airborne effluent assessment. The addition of routine analysis of
water samples from the BNL recharge basins for volatile organic compounds (VOCs)
to the analysis schedule was the fifth change. Finally, the certification for
the Safety and Environmental Protection (S&EP) Division’s Analytical Chemistry
Laboratory for purgeable organic compounds analyses was changed from potable to
nonpotable. While this change does not affect data quality or instrument
detection limits, it did result in a minor change in the analytes reported.

In the second quarter of 1990, the largest change to the program occurred
when ground water sampling at the 01d Landfill, Current Landfill, and Hazardous
Waste Management areas of the site was suspended from April to the early part of
June. The suspension of the program was instituted in a effort to address issues
raised by the DOE Tiger Team. During this period, Occupational Safety and Health
Administration (OSHA) 1910.120 training occurred, a sampling health and safety
plan was written, ground water well identification problems associated with
conversion to the new grid identification system were investigated and sampling
protocols were developed or reviewed. Although sampling resumed in June, most
of the second quarter ground water schedule could not be completed due to time
constraints and accessibility of sampling locations in June.

~-13-



In the third quarter of 1990, monthly grab sampling of water entering the
Peconic River from the BNL (STP) commenced in response to a New York State
Department of Environmental Conservation (NYSDEC) State Pollution Discharge
Elimination System (SPDES) Notice of Violation at this location. A grab sample
collected by NYSDEC in March, 1990 identified the presence of organic compounds
in the BNL effluent. Routine monitoring was implemented to verify the presence
of organic compound in the STP effluent over a protracted period of time. During
this quarter the sampling heights of thermoluninescent dosimeters (TLDs) and
ambient tritium monitors was changed. Prior to this time, both sampling media
were located at approximately three feet from the ground elevation. In
September, TLDs were all moved to one meter off the ground while ambient air
sampling stations had their intakes raised to approximately two meters. Finally,
a quality assurance (QA) audit of BNL'’s strontium-90 contractor laboratory was
performed in this quarter. The audit identified deviances from protocols and
good laboratory practices that raised questions regarding the quality of results
being generated. Arbitration between the company and BNL failed to resolve these
concerns. During the period of negotiation, no samples were shipped for
analysis. The contract was terminated in the fourth quarter. A contract for
analysis of effluent samples was issued to another laboratory late in the fourth
quarter while new contract specifications were being developed. The second
laboratory analyzed the samples in a manner that also failed QA considerations.
The remainder of the 1990 samples that require strontium-90 analysis were not
analyzed and were held until a new contract could be awarded through the normal
contract awards process. Fourth quarter strontium-90 data will be included in
the 1991 Site Environmental Report (SER).
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2.0 SUMMARY

The Environmental Monitoring (EM) Program is conducted by the Environmental
Protection (EP) Section of the S&EP Division to determine whether operation of
BNL facilities have met the applicable environmental standards and effluent
control requirements. This program includes monitoring for both radiological and
non-radiological parameters. This report summarizes the data for the external
radiation levels; radioactivity in air, rain, potable water, surface water,
ground water, soil, vegetation, and aquatic biota; water quality, metals,
organics and petroleum products in ground water, surface water, and potable
water.

Analytical results are reviewed by the S&EP staff and when required by
permit conditions are transmitted to the appropriate regulatory agencies. The
data were evaluated using the appropriate environmental regulatory criteria.
Detailed data for the Calendar Year (CY) 1990 are presented in Appendix D.

2.1 Airborne Effluents

Most of the airborne radicactive effluents at BNL originate from the HFBR,
BLIP, MRR, and the research Van de Graaff. Argon-41, oxygen-15, and tritium were
the predominant radionuclides. 1In 1990, 1,046 Ci (38.7 TBq) of argon-41 were
released from the MRR stack; 700 Ci (25.9 TBq) of oxygen-15 were released from
BLIP; and 32 Ci (1.2 TBq) of tritium in the form of water vapor were released
from the 3 MeV Van de Graaff, Chemistry, and HFBR stacks. In 1990, no elemental
tritium was released from the 3 MeV Van de Graaff because tritium was not used
as a source of ions. Much smaller quantities of airborne radioactive effluents
were released from the Hot Laboratory and the HWMF.

2.2 Liguid Effluents

Liquid discharge limits for radiological and non-radiological parameters
are subject to conditions listed in the BNL (SPDES) Permit No. NY-000-5835 as
issued by NYSDEC. Radiological release concentrations for gross beta, radium,
and strontium-90 are also prescribed by the SPDES permit limitations. Other
radionuclide discharge concentrations are governed by the U.S. DOE specified
Derived Concentration Guides (DCGs).®? Since such liquid discharges have the
potential of contaminating the "Sole Source Aquifer" underlying the Laboratory,
liquid effluent data are compared not only to the regulatory limits, but also to
parameters listed in the Safe Drinking Water Act (SDWA).

Operations at the STP were generally (99.8%) within the limits specified
by the SPDES permit. Radioactive concentrations in waste water entering the BNL
STP continued to decline from 1988 levels. Gross beta and cesium-137 concentra-
tions in chlorine house effluent remained higher than concentrations found in the
influent. This condition is the result of continued low-level leaching of
material adsorbed on the sand filter beds as a result of a 1988 unplanned release
of cesium-137 and strontium-90 to the sanitary system. In 1990, discharges to
the Peconic River met all radicactive components of the SPDES program. The
principle radionuclides released to the Peconic River from liquid effluents
discharged from the STP were: 1.4 Ci (0.051 TBqg) of tritium, 0.0044 Ci (0.16
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GBq) of cesium-137, 0.00059 Ci (0.022 GBq) of iodine-131 and 0.00007 Ci (0.0026
GBq) of strontium-90. The annual average tritium concentration at the discharge
point to the Peconic River was 0.08% of the DCGs® and only 7.6% of the BNL
administrative limit. This represents a factor of 1.6 reduction in the tritium
releases to the Peconic River from 1989 values. This reduction in source term
was the result of the HFBR not operating in 1990. The annual average cesium-137
concentration was 0.16% of the DCG (4% of the SDWA) while strontium-90 concen-
trations were 0.8% of the SPDES limit and 0.2% of the SDWA limit. Releases of
iodine-131 were 0.02% of the DCG, 0.6% of the SDWA concentrations.

Non-radiological parameters are monitored in accordance with the conditions
of the SPDES permit. These parameters include residual chlorine, metals, pH,
temperature, BODs, flow, suspended and total solids, fecal and total coliform and
ammonia-nitrogen. Although there was a 99.8% compliance rate, several of these
parameters periodically deviated from permit conditions. Specifically, there
were five occurrences where suspended solids exceeded the maximum daily value of
10 mg/L with the highest occurrence being three times the SPDES permit limit and
one instance where total coliform was observed above the SPDES limits. The
presence of elevated suspended solids was believed to be a result of actions
taken by the STP operator to control pH.

Periodically, NYSDEC performs compliance verification sampling. On March
13, 1990, representatives from NYSDEC collected a grab sample of the STP effluent
(Outfall 001). The results indicated the presence of 1,1,1-trichloroethane
(TCA), a parameter not listed in the BNL SPDES permit, at a concentration of 39
ppb. The TCA concentration was 78% of surface water discharge limits. Based on
these results, NYSDEC requested BNL to add collection and analysis of monthly
grab sample from Outfall 001 to the EM Program in order to verify the presence
of this compound in the STP effluent. Brookhaven National Laboratory modified
the EM Program and added VOC results to the Monthly Discharge Monitoring Report
in July, 1990. Samples collected for VOC analysis were analyzed by an off-site
NYS certified 1laboratory. The results indicated that TCA was below the
instrument detection limits in all samples collected during this period.

Liquid effluent discharged to the on-site recharge basins contained only
trace quantities of radioactivity. These concentrations were all small fractions
of the applicable guides or standards. If the recharge basin water were to be
used as the sole source of drinking water, the resultant dose from direct
ingestion at the concentrations detected would be equivalent to a dose of less
than 0.01 mrem (0.0001 mSv) per year. Since recharge basins function as conduits
to the underlying aquifer system, the non-radiological water quality parameters
used in assessing the discharges were the New York State Drinking Water Standards
(NYS DWS). Although discharges to recharge basins typically met NYS DWS, several
exceptions were observed. At Recharge Basins HN (Outfall 002), HO (Outfall 003),
and HS (Outfall 005), pH was periodically observed to be below the minimum
discharge limit of 6.5. The lowest observed pH was 4.8 at Recharge Basin HS.
This basin receives principally storm water run-off from paved areas.
Precipitation at BNL has a pH that typically is around 5.0. Elevated iron
concentrations were observed above NYS DWS at Recharge Basins HN, HO, and HS at
concentrations ranging from 1.3 to 1.9 times the NYS DWS of 0.3 ppm. It should
be noted that NYS has specific standards for discharges to ground water. These
discharges were within this standard for iron.
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As part of the SPDES permit renewal process, BNL collected samples from
recharge basins for organic analyses. The results, which were submitted to
NYSDEC in February, 1990, observed the presence of TCA in Basin HP. As part of
their compliance verification process, NYSDEC collected samples from BNL recharge
basins on March 13, 1990. The results of the analyses performed on these samples
indicated the presence of TCA at Recharge Basin HP (Outfall 004) at a concentra-
tion that exceeded the effluent limitation by a factor of four. At the Water
Treatment Plant (WIP) Recharge Basin (Outfall 007), iron was detected at a
concentration that exceeded the effluent limitation by a factor of seven. Based
on these data, a Notice of Violation (NOV) was issued. The source of the TCA was
identified as ground water obtained from Supply Wells 104 and 105 which provided
secondary cooling to the MRR. The use of these wells was terminated upon the
determination that they were the source of the organic contamination. The
elevated iron concentrations at the WIP recharge basins are the result of the
backwash discharge from the WIP iron removal system. The NYSDEC is modifying the
proposed SPDES permit to require iron monitoring requirements. Brookhaven
National Laboratory is also developing a program to evaluate the impact of
discharging WTP backwash to the recharge basin.

2.3 External Radiation Monitoring

Thermoluminescent dosimeters were used to monitor the external exposure at
on-site and off-site locations. The average annual on-site integrated dose for
1990 was 61.2 £ 7.5 mrem (0.61 + 0.075 mSv), while the off-site integrated dose
was 60.3 £ 6.3 mrem (0.60 £ 0.06 mSv). These doses are essentially equal to
those measured in 1989. The difference between the on-site and off-site
integrated exposure 1is within the uncertainty of the measurement and is
attributable to the higher terrestrial component of the natural background on-
site,® not BNL activities. These values are much lower than ambient exposure
rates typically reported for the New York City area by the Environmental
Protection Agency (EPA) which predict an annual dose of about 80 mrem (0.80
mSv) . 11-14

2.4 Atmospheric Radioactivity

Tritium was the radioactive effluent detected most frequently in
environmental air samples. The maximum annual average tritium concentration at
the site boundary was 7.9 pCi/m® (0.29 Bq/m®). This concentration would result
in a committed effective dose equivalent of 0.0062 mrem (0.000062 mSv) to the
maximally exposed individual residing at the site boundary for the entire year.
At Station 16T2.1, iodine-126 was detected on one of the January, 1990 air
particulate filters. ©No unusual releases occurred from any facility during
January and the charcoal filter for the sample period did not contain detectable
concentrations of iodine-126. This result is believed to be suspicious in
nature. The committed effective dose equivalent to the maximum individual
resulting from the inhalation of the measured air concentration would be 0.001
mrem (0.00001 mSv) if the datum is valid.
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2.5 Radioactivity in Precipitation

In rainfall, only beryllium-7 and strontium-90 were detected. The measured
concentrations were consistent with typical washout values associated with
atmospheric scrubbing!® and are comparable with the 1989 and 1990 data published
by EPA for Yaphank, New York. 111

2.6 Soil and Vegetation

The off-site soil and vegetation sampling program is a cooperative effort
between BNL and the Suffolk County Department of Health Services (SCDHS). Local
farms situated around BNL were sampled in July, 1990. No nuclides attributable
to Laboratory operations were detected in any of these samples.

2.7 Surface Water

The Peconic River was sampled at three locations on-site and four locations
between the site boundary and Riverhead. In addition, Carmans River was sampled
as the background location and Halfmoon Pond was sampled as part of a special
study. In general, Peconic and Carmans River samples were analyzed for gross
alpha, gross beta, tritium, strontium-90, and gamma emitting radionuclides.
Surface water samples were also analyzed for field parameters such as pH,
conductivity, and dissolved oxygen. Peconic River samples from the former site
boundary (Location HM) were also analyzed for metals and water quality
parameters.

Radiological results from samples collected at the former site boundary
(Location HM) indicate that the annual average gross beta concentration was 4.98
pCi/L (0.18 Bq/L) or 10% of the NYS DWS; the average strontium-90 concentration
was 0.06 pCi/L (0.002 Bq/L) or 0.8% of the NYS DWS; the average cesium-137
concentration was 2.0 pCi/L (0.074 Bq/L) or 2% of the SDWA; and the average
tritium concentration was 0.8 nCi/L (30 Bq/L) or 4% of the NYS DWS. At the
current site boundary (Location HQ), the annual average gross beta concentration
was 4.6 pCi/L (0.17 Bq/L) or 9% of the NYS DWS and the average tritium
concentration was 1.03 nCi/L (38 Bq/L) or 5% of the NYS DWS. Nuclide specific
gamma analyses were performed at this location with cesium-137 being the
principal isotope detected at a concentration of 1.8 pCi/L (0.067 Bq/L) or 2% of
the SDWA.

The Carmans River and Peconic River off-site were sampled in the first,
third, and fourth quarter of 1990. No sampling was performed in the second
quarter due to activities related to the DOE Tiger Team Assessment.'® In Carmans
River water, the average gross beta concentration was 1.0 pCi/L (0.037 Bgq/L) and
the average strontium-90 concentration was 0.18 pCi/L (0.007 Bq/L). These values
represent ambient background. Average gross beta concentrations in the Peconic
River were uniform and ranged from 1.53 pCi/L (0.057) Bq/L) to 1.88 pCi/L (0.07
Bq/L) or 3-4% of the NYS DWS. Tritium concentrations decrease with distance from
BNL with the closest off-site sampling point (Location HA) having an average
concentration of 480 pCi/L (17.9 Bq/L) or 2% of the NYS DWS while samples
collected at the Riverhead sampling point (Location HR) had an average
concentration of 280 pCi/L (10.4 Bq/L) or 1.4% of the NYS DWS. Nuclide specific
analyses indicated that strontium-90 concentrations were consistent with ambient
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levels and ranged from 0.12 pCi/L (0.004 Bq/L) to 0.54 pCi/L (0.02 Bq/L).
Cesium-137 was detected periodically in downstream water samples. The
observations did not follow site release patterns. The average cesium-137
concentrations detected ranged from 0.17 pCi/L (0.006 Bg/L) to 0.60 pCi/L (0.02
Bq/L), or 0.1 to 0.5% of the SDWA. Direct ingestion for one year of 2 liters of
water per day containing the maximum observed cesium-137, strontium-90, and
tritium concentration would result in a committed effective dose equivalent of
0.1 mrem (0.001 mSv) at all locatioms.

Field and water quality parameters were consistent with both past
observations and control data. Metal data for analyses performed on monthly
samples collected from Location HM indicated that iron was the only parameter
that exceeded NYS DWS. Effluent from the BNL STP to the Peconic River had an
iron concentration 0.16 ppm. The high values of iron in the Peconic River water
are the result of ground water recharge into the Peconic River.

2.8 Aquatic Biological Surveillance

Fish samples were collected along the Peconic River at the outfall of the
STP (Location EA), the former site boundary (Location HM), Donahue’s Pond, and
Forge Pond, at the upstream location of Swan Pond and at a control location along
Carmans River. 1In CY 1990, only gamma spectroscopy analysis was performed on
samples collected. Strontium-90 analyses were not performed due to failure of
the contract laboratory to meet quality assurance objectives and the inability
to issue a new contract prior to the first quarter of 1991. For dose assessment
purposes the strontium-90 to cesium-137 ratio as reported in the 1989 BNL SER has
been used to estimate the strontium-90 component of the fish-ingestion pathway.
The Peconic River fish contained cesium-137 concentrations which ranged from near
background levels at Forge Pond (100 - 460 pCi/kg-wet [3.7-17 Bq/kg-wet]) to
1,650 pCi/kg-wet (61 Bq/kg-wet) at Location EA. Average concentrations found in
control aquatic biota were subtracted from results for Peconic River sample
stations. Only fish collected at off-site locations were used to calculate the
maximum individual and collective doses. Based on these results, the maximum
individual dose was estimated to be 0.75 mrem (0.0075 mSv) and the collective
dose was estimated to be 0.375 person-rem (0.00375 person-Sv). No sediment or
aquatic vegetation samples were collected in 1990.

2.9 Potable Water Supply

Gross alpha, gross beta, and tritium concentrations in samples collected
from on-site potable wells were generally at or below the minimum detection limit
(MDL). The daily grab sample of potable water collected from a central building
on-site exhibited the same results. Tritium concentrations in on-site potable
well water were at or below the MDL of 300 pCi/L (11 Bq/L). Strontium-90
concentrations were at or below the MDL of 0.1 pCi/L (0.004 Bq/L) and consistent
with concentrations in off-site wells. Only cesium-137 and beryllium-7 were
detected above MDL levels at annual average concentrations of 0.13 pCi/L (0.005
Bq/L) and 11 pCi/L (0.4 Bq/L) respectively. These concentrations, if consumed
for one year at a rate of two liters per day would correspond to a committed
effective dose equivalent to the on-site resident of 0.005 mrem (0.00005 mSv).
These doses represent an upper limit to the dose actually received because the
concentrations used to derive these doses were obtained from analyzing samples
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from the individual well heads and does not account for mixing that would occur
when the water is distributed throughout the site.

Metal analyses performed on potable water samples indicate that silver,
cadmium, chromium, and mercury were not detected in any sample analyzed. Trace
quantities of lead (0.005 mg/L), manganese (0.02 - 0.14 mg/L), and copper (0.09
mg/L) were detected in potable well water collected at the well head. All
observed values of lead, manganese, and copper were below their respective NYS
DWS of 0.050 mg/L, 0.3 mg/L and 1.0 mg/L. Iron was detected in water collected
at the well head from Well Nos. 4, 6, and 7. Water from these wells is treated
at the BNL WTP prior to use in the domestic water distribution system. Sodium
was detected in all potable wells in concentrations ranging from 3.3 to 13.0

mg/L.

In order to demonstrate compliance with federal and state DWS for organic
compounds, potable water is sampled quarterly and sent to an off-site certified
Laboratory for analysis. In October, 1990, water from Potable Well 4 was
detected to have TCA at a concentration of 7.5 ug/L which exceeds the NYS DWS of
5 ug/L.Y The well was voluntarily removed from service.

Prior to obtaining these results, BNL was concerned with the increasing
concentrations of TCA being observed in this well during previous quarterly
sampling. In an effort to further investigate this, a testing program was
developed to evaluate the ability of the existing processes at the BNL WTP to
removed organic compounds. To ensure the merit of this testing program, the
proposed protocol was discussed with a representative from the SCDHS.

The testing program was conducted in October, 1990. A package was prepared
describing the test protocol and analytical results, and submitted to the SCDHS
for their review and evaluation. A decision from the DHS is anticipated to be
issued during the first quarter of 1991.

In 1989, TCA concentrations that exceeded NYS DWS were observed at Potable
Wells 10 and 11. A carbon filtration system was purchased for Potable Well 11.
Installation of this device is expected to be completed in 1991. A similar
system will be purchased for Potable Well 10.

2.10 Ground Water Surveillance

Ground water surveillance data are compared to both DCGs and DWS values in
this report. The DCG for a given radionuclide represents the concentration which
would yield a committed effective dose equivalent of 100 mrem (1 mSv) if an
individual were to consume two liters of the liquid per day for one year.
Comparison of data to these concentrations permits evaluation of discharge limit
impacts and provides a historic framework to evaluate past practices. Comparison
of surveillance well data to EPA, NYSDEC, New York State Department of Health
(NYSDOH) and DOE DWS provides a mechanism to evaluate the radiological and non-
radiological 1levels of contamination relative to current standards. The
Laboratory is committed to remediate ground water which does not meet current
regulatory criteria to the levels prescribed in the Interagency Agreement (IAG).
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2.10.1 Radiological Analyses

In 1990, 98 ground water surveillance wells were monitored for radiological
parameters. Radiological data are presented grouped by sector of the BNL site.
In the east sector of the site (Meadow Marsh-upland recharge area; Peconic River
on-site including STP sand filter bed area and the Peconic River off-site), eight
ground water wells were monitored. Gross beta and tritium concentrations were
detected which were above ambient concentrations in the on-site areas near the
Peconic River. Also, at an off-site well that is adjacent to the Peconic River
and within several hundred meters of the site boundary, elevated gross beta,
tritium, and strontium-90 concentration were detected. Radionuclide concentra-
tions near the Meadow Marsh-upland recharge area were at ambient levels.
Observed concentrations in on-site Peconic River area wells are attributable to
tile collection field losses at the STP and recharge of the Peconic River. 1In
1990, the highest annual average gross beta concentration was 7% of the NYS DWS
concentration 1limit!®; tritium was 11% of the NYS DWS concentration limit;
strontium-90 was 8% of the NYS DWS concentration limit. At a single surveillance
well located adjacent to the Peconic River and several hundred meters downstream
of the site boundary, the annual average gross beta concentration was 11% of the
NYS DWS; the tritium concentration was 9% of the NYS DWS and the strontium-90
concentration was 24% of the NYS DWS concentration limit. No gamma emitting
radionuclides were detected at any well in this area.

Along the northwest, west, and south boundary of the site, 13 wells were
monitored. No activity above ambient levels or significantly in excess of the
system MDL was found in ground water samples collected from these areas except
for gross beta activity observed in March, 1990 samples from Well 130-02, a south
boundary well. The samples were milky in color and believed to contain bentonite
clay from the well packing which would explain both the color and elevated gross
beta activity.

In the center of the site, 27 surveillance wells were monitored. Radio-
nuclides detected in ground water samples that were attributable to BNL
operations were found in the vicinity of Building 811, Building 830, the Major
Petroleum Facility (MPF), and Building 725. The highest annual average
concentrations detected for this area expressed as a percent of the NYS DWS
concentration limit were: 12% gross beta; 2.4% tritium; and 14% strontium-90.
Radionuclides that are not regulated by concentration are regulated by dose. The
highest annual concentration detected for the remaining radionuclides expressed
in percent of the dose limit were: 1.4% sodium-22; 0.11% cesium-137; and 0.09%
cobalt-60.

In addition to the BNL on-site surveillance wells, 20 off-site private
potable wells and three locations along the Peconic River near the site boundary
were sampled and analyzed for gross alpha, gross beta, strontium-90, tritium, and
gamma emitting radionuclides as part of a cooperative program with the SCDHS.
Detectable quantities of tritium were found in three off-site sampling locations:
two private potable wells and one Peconic River sampling point. The annual
average tritium concentrations at the two private well locations was 10% of the
DWS.1? Except for mnaturally occurring potassium-40, no gamma emitting
radionuclides were detected in private well water and strontium-90 values ranged
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between <0.1 and 0.2 pCi/L (<0.004 and 0.007 Bq/L) in private potable well water,
which is typical for Long Island.

At the landfill areas (Current, Former, and Ashfill), 28 surveillance wells
were monitored. The single highest average gross beta concentration observed was
35% of the applicable guide; the single highest average tritium concentration and
strontium-90 concentration observed were 95% and 63%, respectively of the DWS.
Other radionuclides were detected at small fractions of the DWS dose limit. None
of the monitoring wells that were sampled exhibited concentrations that exceeded
the DWS, although water from Well 87-08 (1K) at the Current Landfill is very
close to the tritium DWS. Given the distance to the site boundary, decay will
occur in transit which will result in radionuclide concentrations at the site
boundary that are substantially below the applicable standard.

Twenty-two ground water surveillance wells were monitored in the vicinity
of the HWMF. The data from this ground water program indicates the presence of
tritium, fission, and activation products. The single highest average
concentration of tritium and strontium-90 was 27% and 760%, respectively of the
DWS. The highest annual concentration for the remaining radionuclides detected
expressed in percent of the DWS dose limit were: 0.28% cobalt-60 and 0.04%
sodium-22. Three of the 22 monitoring wells that were sampled in this area
exhibited concentrations that exceeded the NYS DWS for strontium-90; 88-04 (MW2);
98-02 (WC); and 98-29 (MW7A).

2.10.2 Non-radiological Analyses

In the east sector of the site (Meadow Marsh-upland recharge area; Peconic
River on-site; and Peconic River off-site) water quality, metals, and VOC
analyses were performed on eight ground water surveillance wells. Water quality
data indicated that the pH was typically below the NYS DWS of 6.5 to 8.5 but
within typical observations of ground water that is upgradient of the BNL site.
Other water quality parameters were all within the DWS. Iron and manganese were
the only metals observed in concentrations that exceeded the DWS. Like low pH,
elevated concentrations of iron and manganese are endemic to Long Island. At the
observed concentration, the presence of these metals is not reflective of BNL
operations. The VOCs were not detected in ground water collected from this area
of the site.

In the landfill and ash repository section of the site, water quality,
metals and VOC analyses were performed on 28 ground water surveillance wells.
Water quality data indicated that the pH was typically below the NYS DWS of 6.5
to 8.5 but within the range of values observed at locations upgradient of
potential site impact. Other water quality parameters were within DWS.
Conductivity measurements at the current landfill wells reflect the landfill’s
impact. Most conductivity values in this area were greater than 150 umhos/cm
while upgradient values typically ranged from 50 to 150 umhos/cm. There is no
specified standard for conductivity. Metals analysis indicated that water from
one of the nine wells at the former landfill exceeded the DWS for manganese. At
the current landfill, fourteen of the eighteen wells in this area exceeded the
iron and/or manganese standard. All other metals concentrations were below the
DWS. Organic data for the Current Landfill area indicates that annual average
concentrations of dichloroethane (DCA) were detected above the DWS at three wells
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ranging from 6 to 11 ug/L; benzene, ethylbenzene, and toluene were each detected
in one well above the DWS at concentrations of 9, 8, and 12 ug/L, respectively.
Organic compounds were not detected from ground water surveillance wells that
monitor the former landfill and the ash repository.

In the Hazardous Waste Management (HWM) and Spray Aeration Project areas,
twenty-two ground water surveillance wells were monitored for water quality,
metals, and VOCs. Water quality data indicated that the pH was typically below
the NYS DWS of 6.5 - 8.5 but within the range of values observed at locations
upgradient of potential site impact. Other water quality parameters were below
the applicable NYS DWS. Conductivity values were all in the 50 - 150 umhos/cm
range. Results of metals analyses performed on ground water from this area
indicated that all compounds were below the applicable NYS DWS. Volatile organic
results for ground water samples collected from this area indicate that TCA,
tetrachloroethylene (PCE), and dichloroethylene (DCE) were detected at concentra-
tions that exceeded the NYS DWS. Specifically, two wells near the HWM facility,
88-04 (MW2) and 98-02 (WC) had concentrations of TCA that ranged from 85 to 1000
pg/L. Well 88-04 also had PCE concentrations greater than 150 ug/L while well
98-02 had DCE concentrations of 52 ug/L. Near the BNL site boundary, TCA
concentrations ranged from 8 to 30 ppb at three Wells: 108-13, 108-05, and 108-
12. No other organic compounds were detected in this area of the site.

In the central part of the site, 28 ground water surveillance wells were
monitored for water quality parameters, metals, and VOCs. Water quality data
indicated that the pH was typically below the NYS DWS of 6.5 -8.5 but within the
range of values observed at locations upgradient of potential site impact. Other
water quality parameters were below the applicable NYS DWS. Conductivity values
were generally all in the 50 - 150 umhos/cm range however two wells in the
Central Steam Facility (CSF) area, 76-05 (IT5), and 76-06 (IT2), had conductivity
values in the 300 - 350 umhos/cm range while four wells (54-05 [DOE Well 556],
65-03 [D10], 65-04 [D11l], and 65-02 [D9]) in the AGS - Building 811 area, had
conductivity values in the 150 -250 umhos/cm range. Results from metals analyses
of ground water from this area indicated that all compounds were below the
applicable NYS DWS except for iron and manganese. At the CSF, water from Wells
76-04 (IT1) and 76-06 (IT2) exceeded the 0.3 mg/L iron NYS DWS while water from
Wells 76-04 (IT1) and 76-08 (IT4) contained manganese concentrations in excess
of the 0.3 mg/L NYS DWS. The iron concentration in water from Well 44-04 (DOE
Well 558) also exceeded the NYS DWS. Volatile organic results for ground water
samples collected from this area indicate that TCA, trichloroethylene (TCE), PCE,
DCA, benzene, ethylbenzene, toluene, and o-zylene were detected at concentrations
that exceeded the NYS DWS in ground water sampled from seven wells located at the
CSF. The maximum observed annual average concentration for each of these
compounds was: 22 ug/L of TCA; 33 ug/L of TCE; 130 ug/L of PCE; 5 ug/L of DCA;
12 pug/L of benzene; 100 ug/L of ethylbenzene; 480 ug/L of toluene and 60 ug/L of
o-xylene. The NYS DWS for each of these compounds is 5 ug/L. No other organic
compounds were detected in this area of the site.

In the north, west, and southern parts of the site, 13 ground water
surveillance wells were monitored for water quality parameters, metals, and VOCs.
Water quality data indicated that the pH was typically below the NYS DWS of 6.5 -
8.5 but within the range of values observed at locations upgradient of potential
site impact. Other water quality parameters were below the applicable NYS DWS.
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Conductivity values were all in the 50 - 155 umhos/cm range. Results from metals
analyses of ground water from this area indicated that all compounds except iron
and manganese were below the applicable NYS DWS. Iron concentrations exceeded
NYS DWS at two wells on the north boundary and one well along the south boundary.
Manganese concentrations exceeded NYS DWS at one well on the north boundary and
one well on the west boundary. Volatile organic results for ground water samples
collected from this area indicate that only TCA was detected in concentrations
that exceeded NYS DWS. The TCA was observed at a concentration of 9 ug/L at both
a well along the western side of the site designed to monitor the impact of
operations at the BNL Paint Shop and along the southern boundary.

2.11 Off-Site Dose Estimates

For the year 1990, the collective committed effective dose-equivalent at-
tributable to Laboratory operations, for the population up to a distance of 80
km, was calculated to be 1.8 person-rem (0.018 person-Sv). This can be compared
to a collective dose-equivalent to the same population of approximately 290,000
person-rem (2900 person-Sv) due to natural sources.

The committed effective dose-equivalent to the maximum individual resident
at the site boundary (NNE Sector) from the air pathway is 0.066 mrem (0.00066
mSv). The maximum individual committed effective dose-equivalent from drinking
water pathway (SSE Sector) is 0.1 mrem (0.001 mSv). The maximum individual
committed effective dose-equivalent from the fish pathway is 0.75 mrem (0.0075
mSv). The combined maximum individual dose equivalent is 0.9 mrem (0.009 mSv).
This dose represents 0.9% of the maximum individual annual dose limit of 100 mrem
(1 mSv) and 1.6% of the annual cosmic plus terrestrial external dose of about 60
mrem (0.60 mSv).

2.12 Quality Assurance Program

Brookhaven National Laboratory has implemented DOE Order CH 5700.6%° by
developing policies, responsibilities, and providing generic guidance procedures
for the development of QA programs that are appropriate to ensure the achievement
of Laboratory objectives.?! The elements of this program have been adopted and
adapted, as necessary, by the S&EP Division in the development of the Division’'s
QA program.?? Established protocols that document the specific activities of the
EM program are collected in the S&EP EP Section QA Manual. A designated QA
Officer was appointed to review procedures and activities within the EP Section
and to assure that environmental and effluent monitoring or upgrade programs
comply with the S&EP, BNL, and DOE QA objectives.

The level of quality control and quality assurance activities depend on the
nature and frequency of measurements. Checks on instrument performance and on
overall quality of the data were made with measurement control charts and with
certified control organization. Samples were processed with quality control,
which included using blanks, replicates, and spikes. The analytical laboratories
participated in interlaboratory QA programs organized by DOE, EPA, and NYSDEC
agencies.
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3.0 EFFLUENT EMISSIONS AND ENVIRONMENTAL SURVEILLANCE

The primary purpose of BNL effluent and environmental monitoring programs
is to determine whether:

1. Facility operations, waste treatment, and control systems functioned
as designed to contain environmental pollutants; and

2. The applicable environmental standards and effluent control require-
ments were met.

This annual report for CY 1990 follows the recommendations given in the DOE
Order 5400.1, General Environmental Protection Program.??

3.1 Airborne Effluent Emissions

3.1.1 Radioactive Airborne Effluent Emissions

The locations of principle Laboratory facilities from which radioactive
airborne effluents were released during 1990 are shown in Figure 9. The
installed on-line effluent monitors, sampling devices, and amounts of effluents
released during 1990 are presented in Appendix D, Table 4. Tritium was the only
radionuclide detected routinely at the site boundary which was attributable to
Laboratory operations. Iodine-126 was detected on one site boundary particulate
filter during the month of January but not on the corresponding charcoal filter.
There were no unusual effluent releases or processes that would explain the
presence of this radionuclide during the sample interval. Furthermore, because
the radionuclide was detected on only the particulate filter and not the
corresponding charcoal filter, there is some question as to the validity of the
datum point. The datum is presented because there was no technical justification
for removal. It should be viewed as an outlier whose validity is questionable.

Oxygen-15, which has a two minute half-life, is produced at the BLIP
facility by the interaction of protons and water in the beam tubes and generated
at an estimated rate of 6 mCi per microampere-hour (0.22 GBq per micro ampere-
hour).?* Based on 117 milliampere-hours of operation, 700 Ci (26 TBq) of
oxygen-15 was produced in the beam tubes at the BLIP facility during 1990 and
released via the Building 931 stack. Due to scheduled maintenance at the LINAC
and AGS, BLIP did not operate during the months of June through December, 1990.
Monthly effluent emissions are listed in Appendix D, Table 5.

Argon-41, which has a 110-minute half-life, is produced at the MRR by
neutron activation of stable atoms of argon-40 in the ventilating air of the
reflector. It is released from the Building 491 stack at an estimated rate of
2.1 Ci MW h™? (78 GBq MW 'h™!). The estimated release for the MRR stack during
1990 was 1,046 Ci (39 TBg) of argon-41. Monthly effluent emissions are listed
in Appendix D, Table 5. The MRR did not operate from April through July, 1990
due to SPDES issues related to the discharge of secondary cooling water. A
detailed discussion of this issue is discussed in Section 3.2.3.2 of this report.
During the April to July time period, modifications to the secondary cooling
system were made so that BNL's potable water could be used to supply secondary
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cooling water. The MRR commenced operation in August at 1 MW using water
supplied by the potable water system. From August to the end of the year, the
MRR operated at the reduced power level.

The total tritiated water vapor released from the Laboratory research
facilities during 1990 was 31.8 Ci (1.2 TBq). Of this total, 24.3 Ci (0.9 TBq)
were released from the HFBR, 4.4 Ci (0.16 TBq) from the Van de Graaff, and the
remainder from all other facilities. Appendix D, Tables 6 and 7 present monthly
summaries of tritium release data.

The Building 705 100-meter stack receives airborne effluents from three
separate exhaust systems: the HFBR (Building 750) and the Hot Laboratory
(Building 801) acid and non-acid lines. Gamma emitting nuclides released from
the 100-meter stack are shown in Appendix D, Tables 7, 8, and 9. Tritium is the
major radionuclide released from the HFBR. Because the HFBR did not operate in
1990, tritium releases are substantially lower than prior year's releases. The
HFBR is scheduled to resume operation in 1991. Tritium releases from this
facility will increase when the facility comes on-line and research activities
are resumed. The Hot Laboratory complex air effluent release from the acid and
non-acid off-gas systems are reported in Appendix D, Tables 8 and 9, respective-
ly. These releases are the result of processing BLIP targets for the recovery
of radioisotopes used by medical health practitioners. Releases from this
facility were at their maximum during the period of March through May. This
corresponded to an increase in work load in anticipation of the summer shut-down
of the facility. In 1990, releases of gallium-68, zinc-65 and rubidium were
significantly lower than in 1989 while other radionuclides, such as bromine-77
and the iodines, exhibited an increase in the release rate by a factor of three
to nine. Releases from this facility were not detected by air sampling at the
site boundary. Appendix D, Tables 8 and 9 appear to indicate that no releases
occurred in February 1990. This is an anomaly of the data presentation. The
sample media were installed in January and removed in early March. The amount
released during February are shown in the January values.

In addition to radionuclides released during the processing of targets from
the BLIP Facility, other radionuclides in addition to oxygen-15 are produced at
the BLIP Facility and are periodically emitted into the environment. Appendix
D, Table 10 summarizes the gamma emitting radionuclides released from this
facility. The predominant radionuclide released in 1990 was beryllium-7 (0.37
mCi [0.014 GBq]). The activity released was approximately four times smaller in
1990 than in 1989.

The Laboratory incinerates certain low-level radioactive wastes at the HWMF
incinerator (Figure 9). The total quantities of the individual radionuclides in
the incinerated materials during 1989 are shown in Appendix D, Table 11. Tritium
was the radionuclide released from the incinerator in the largest quantity,
0.0016 Ci (0.059 GBq). Site meteorological characteristics and administrative
limits on the amount of material incinerated ensure that airborne concentrations
at the site boundary are small fractions of the applicable standards.
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Figure 9: Brookhaven National Laboratory Effluent Release
Points and On-Site Environmental Monitoring Stations
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3.1.2 Nonradiocactive Airborne Effluent Emissions

The potential sources of elemental and hydrocarbon air pollutants emitted
by BNL facilities and all environmental permits issued to the DOE at BNL are
listed in Appendix D, Table 12. Under the air permits issued by the NYSDEC, five
individual stacks require monitoring, three of which are associated with the
combustion units at the CSF (Building 610). The other two emission points are
associated with new sources at the Inhalation Toxicology Facility located at
Building 490.

The CSF is located along the eastern perimeter of the developed portion of
the BNL site. The CSF supplies steam for heating and cooling to all major
facilities through the underground steam distribution and condensate grid. Since
1976, the CSF has wutilized alternate liquid fuel (ALF) in the four high
efficiency boiler units for the purpose of energy recovery. In 1990, the
fraction of light feed stock (LFS) relative to total fuel consumption was
approximately 1.5%. These LFS fuels typically have a weighted average sulfur
content of 0.5% or less which is below the NYSDEC regulatory limit of 1% sulfur
content in No. 6 0il.25 The NYSDEC also requires that the combustion efficiency
of the boilers be 99.0% at a minimum.?’ Stack testing, conducted in accordance
with NYSDEC requirements, has demonstrated the mean fuel combustion efficiency
over the entire range of boiler loading capacities to be greater than 99.9% for
the individual boiler units firing ALF,2%°?” thus providing greater combustion
efficiency than required by state criteria. Standard Operating Procedures
require all LFS samples to be analyzed for polychlorinated biphenyls (PCBs) prior
to their use to ensure that the facility operations are conducted in accordance
with EPA and NYSDEC regulations.

3.2 Liquid Effluents

The basic policy of liquid effluent management at the Laboratory is to
minimize the volume of liquids requiring processing prior to on-site release or
solidification for off-site burial at a licensed facility.?® Accordingly, liquid
effluents are segregated by the generator at the point of origin on the basis of
their anticipated concentrations of radiocactivity or other potentially harmful
agents.

3.2.1 Liquid Waste Management

Liquid chemical wastes are collected by the Hazardous Waste Management
Group (HWMG), and subsequently packaged in accordance with Department of
Transportation (DOT), EPA, and NYSDEC regulations and DOE Orders for licensed
off-site disposal.

The HWMG also collects small quantities of liquid radicactive wastes from
waste accumulation areas throughout the site. Depending on the radionuclide and
its concentration, these wastes are either directly solidified at the HWMF or
processed at the Waste Concentration Facility (WCF). Buildings where large
volumes (up to several hundred liters) of liquid radioactive waste are generated
have dual waste handling systems. These systems are identified as "active” (D)
and "inactive" (F). As shown in Figure 10, wastes placed intoc the D and F
systems are collected in holdup tanks. After sampling and analysis, they are
either authorized for release directly to the sanitary waste system if
concentrations are within administrative guidelines for discharge?® or are
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transferred to the WCF for processing. In 1990, authorized releases of F-waste
to the sanitary system totaled 1.03 million liters with a total gross beta
activity of 0.47 mCi (17 MBq) and a total tritium activity of 22 mCi (0.81 GBq).
The volume of material released in 1990 represents a ten percent increase over
1989 while the tritium and gross beta activity released increased by factor of
1.6. Although the total activity released in 1990 is higher than in 1989, these
releases remain significantly lower than pre-1989 values.

At the WCF, liquid waste is distilled to remove particulate, suspended, and
dissolved solids. The solidified residues from the evaporator are transferred
to the HWMF for subsequent shipment and disposal at an authorized off-site
disposal facility. The distillate, which contains tritium, is collected and
transported to the STP. It is released into a lined hold-up pond where it mixes
with precipitation and diverted effluent from the STP. This water is then pumped
back to the STP at a controlled rate where it is added to the dosing tanks of the
sand filter beds. This process permits a controlled release of liquid effluents
and aids the Laboratory in achieving its administrative discharge concentration
limit of 20,000 pCi/L (740 Bq/L) and the goal of 10,000 pCi/L (370 Bq/L). By
comparison, the DCG® for tritium is 2,000,000 pCi/L (0.074 MBq/L). 1In 1990,
approximately 68,100 liters of distillate containing 0.85 Ci (31.6 GBgq) of
tritium was placed into the lined holding pond.

3.2.2 Sanitary System Effluents

Primary treatment of the sanitary waste stream to remove suspended solids
is provided by a 950,000 liter clarifier. The liquid effluent flows from the
clarifier onto sand filter beds, from which about 85% of the water is recovered
by an underlying tile field. This recovered water is then released into a small
stream that contributes to the headwaters of the Peconic River. The Peconic
River is an intermittent stream within the BNL site. From the mid 1980's until
April of 1989, virtually all water released to this channel recharged to ground
water prior to reaching the site boundary. Beginning in April, 1989 and
continuing throughout 1990, heavy rains produced sufficient upstream contribution
to result in the Peconic tributary on the BNL site to once again leave the site.

The effluent not collected by the tile fields, approximately 15% in 1990,
is assumed to percolate to the ground water under the beds and/or evaporate. A
schematic of the STP and its related sampling arrangements is shown in Figure 11.
Real time monitoring of the clarifier influent for radioactivity, pH and
conductivity, takes place at two locations: about 1.8 km upstream of the STP and
as the influent is about to enter the clarifier. The upstream station provides
about one hour of advanced warning that liquid effluents which may exceed BNL
effluent release criteria or SPDES limits have entered the system. At the
clarifier, an o0il monitor examines STP influent for the presence of oil.
Effluent leaving the clarifier is monitored a third time for radioactivity.
Effluent that does not meet BNL and/or SPDES effluent release criteria are
diverted to one of two lined holding ponds with a 26.5 million liter capacity
until the effluent meets the release criteria. Material diverted to the holding
pond is evaluated for treatment and released when the addition of this material
will not result in exceeding BNL SPDES or administrative release criteria.
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In addition to real time monitoring, the clarifier effluent (Location DA)
and the outfall to the Peconic River (Location EA) are monitored for radiological
and non-radiological parameters through a combination of volume proportional and
grab samples.

3.2.2.1 Radiological Analvses

The proportional samples collected at Location DA, the effluent from the
STP clarifier, Location EA, and the STP discharge point into the Peconic River,
are analyzed daily for gross alpha, beta, and tritium activities. An aliquot is
composited for monthly strontium-90 and gamma spectroscopy analyses. The results
of these measurements are reported in Appendix D, Tables 13 and 14. Five year
trend plots of gross beta and tritium concentrations that were released to the
Peconic River are presented in Figures 12 and 13. A total tritium activity trend
plot from 1971 to the present is presented in Figure 14.

The gross alpha data at the STP are consistent with prior year’s data. All
results are essentially less than the system detection limit and have a mean
value which approaches zero. This means that alpha concentration measurements
for these locations are at background levels. The tritium concentrations
decreased in 1990 on the average by about 40% below 1989 levels. This occurred
in large part because the HFBR didn’t operate for the entire year. Controlled
releases of WCF distillate from the STP emergency holding ponds continued in 1990
and is the reason that tritium discharges to the Peconic River are larger than
influent contributions reported from sampling Location DA. The 1990 tritium
concentrations discharged to the Peconic River were below regulatory standards
and were within BNL administrative controls. The total tritium activity released
into the sanitary system was 1.3 Ci (48 GBq) as compared to 2.0 Ci (74 GBq) in
1989. The tritium activity discharged from Location EA was 1.4 Ci (51 GBq) as
compared to 2.5 Ci (92.5 GBq) in 1989. The concentrations of strontium-90 and
gamma emitting radionuclides entering the STP returned to pre-1988 levels. At
Location DA, all radionuclide concentrations were at or below pre-1988 levels.
At Location EA, except for cesium-137, the remaining concentrations are
essentially constant with prior year’s data.!® Elevated cesium-137 concentra-
tions persist at Location EA due to residual leaching of this radionuclide from
the sand filter beds. This activity is present due to an unplanned release on
June 14 - 15, 1988. A discussion of the incident can be found in the 1988 BNL
SER.® In 1990, cesium-137 concentrations were still four times pre-1988 values.

The gross beta data for the STP effluent discharged to the Peconic River
also remained influenced by the residual leaching of cesium-137 from the June,
1988 release. In 1990, gross beta concentrations at Location EA were essentially

1.6 times the influent concentrations. Cesium-137 concentrations in water
collected from Location EA were 25 times the concentration found in the clarifier
effluent which is consistent with 1989 data. Strontium-90 concentrations at

Location EA were about 1.5 times the concentrations that were detected at
Location DA. Although elevated, these concentrations at Location EA did not
result in any violation of the SPDES permit. Finally, strontium-90 data are
reported here and throughout the report only for the first three quarters of
1990. Fourth quarter 1990 samples were not analyzed in time for inclusion in the
1990 report but will be included in the 1991 report. If the BNL Administrative
policy dose criteria of 4 mrem/yr were used for comparison, daily ingestion of
water discharged by BNL to the Peconic River would result in an annual dose of
0.2 mrem (0.002 mSv) or 5% of BNL's current discharge policy.
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Figure 12: Gross Beta Concentration Data - Sewage Plant and Pecomnic River
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Tritium Concentration Data
Sewage Plant and Peconic River
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Figure 13: Tritium Concentration Data — Sewage Plant and Peconic River
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3.2.2.2 Non-radiological Analyses

The effluent from the Laboratory STP discharges into the Peconic River at
Location EA (Outfall 001) and is subject to the conditions of the SPDES Permit
No. NY-000-5835, authorized by the NYSDEC. Discharge Monitoring Reports, which
include analytical results, are submitted in accordance with the BNL SPDES permit
on a monthly basis to the NYSDEC and the SCDHS. A summary of the non-radio-
logical data for 1990 is shown in Appendix D, Table 15. The summary includes
data required under the permit and additional analyses which were performed under
the Laboratory's broader surveillance program. Operation of the STP resulted in
a greater than 99.8% compliance rate in meeting permit requirements. A
compliance summary is presented in Appendix D, Table 16. 1In 1990, monthly grab
samples of Outfall 001 effluent for volatile organic analysis was initiated in
July due to the presence of TCA in a SPDES compliance verification sample that
was collected in March, 1990 by New York State. Six months of grab samples
collected at approximately 0930 hours during the first week of each month have
indicated that all results are below the system detection limits.

Figures 15 through 23 present the maximum monthly concentrations and the
average loading of copper, iron, lead, silver, and zinc. Plotted along with the
observed concentrations are the current SPDES permit limits and the proposed
limits for the resubmitted SPDES permit. While all metals concentrations are
well within the existing permit conditions, the proposed revised SPDES permit
would establish lower acceptable release concentrations. In the cases of copper
and zinc, the proposed discharge limits on allowed releases could necessitate
stricter source control in order to assure compliance. In addition, in order to
demonstrate compliance with the proposed discharge limits for lead and silver,
an instrument detection limit with greater sensitivity will be required.

3.2.3 Recharge Basins

Figure 24 depicts the locations of BNL recharge basins within the physical
complex. An overall schematic of water use at the Laboratory is shown in Figure
25. After wuse in "once through" heat exchangers and process cooling,
approximately 6.78 million liters per day (MLD) of water was returned to the
aquifer through on-site recharge basins; 2.04 MLD to Basin HN (Outfall 002)
located about 610 m northeast of the AGS; 4.13 MLD to Basin HO (Outfall 003)
about 670 m east of the HFBR; and 0.41 MLD to Basin HP (Outfall 004) located 305
m south of the MRR. Recharge Basins HS (Outfall 005) and HT (Outfall 006)
receive a total of about 0.20 MLD. Discharge of cooling water to recharge basin
HO was reduced from 1989 levels because the HFBR did not operate in 1990. The
recharge volume to Basin HP is a factor of ten lower than in 1989 because
secondary cooling for the MRR was supplied by the potable water system for six
months and the MRR did not operate for three months.

A polyelectrolyte and dispersant was added to the AGS cooling and process
water supply to keep the ambient iron in sclutionr. Of the total AGS pumpage,
approximately 2.04 MLD was discharged to the HN Basin, and 3.4 MLD to the HO
Basin. The HFBR secondary cooling system water recirculates through mechanical
cooling towers and was treated with inorganic polyphosphate and mercaptoben-
zothiozone to control corrosion and deposition of solids. The blowdown from this
system (0.77 MLD) was also discharged to the HC Basin. The MRR secondary cooling
water (0.41 MLD) was adjusted to a neutral pH prior to use and then discharged
te the MRR sump as shown in Figure 24. Grab samples were collected at all
recharge basins for water gquality analysis as part of the routine EM program.
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3.2.3.1 Recharge Basins - Radiological Analyses

Radiological results for recharge basin samples are reported in Appendix
D, Table 17. The data indicates that trace quantities of activity were
discharged to Recharge Basin HN. The activity detected at Recharge Basin HN
resulted from the discharge of primary magnet rinse water into the recharge
basin. The observed concentrations of beryllium-7 and sodium-22 result from high
energy particle interactions in the cooling water at both the AGS and LINAC
facilities. The presence of the remaining radionuclides is most likely due to
activation of facility components and subsequent corrosion. No samples contained
strontium-90 above ambient levels and for virtually all samples the tritium
concentration was at or less than the system MDL. All concentrations detected
were small fractions of effluent release limits. If a person ingested water from
Sump HN as the sole source of drinking water for one year, this would result in
a committed effective dose equivalent of less than 0.05 mrem (0.0005 mSv).

3.2.3.2 Recharge Basins - Non-radiological Analyses

In 1990, approximately 6.8 MLD of water were discharged to the recharge
basins. The BNL SPDES permit requires that records be maintained of the pH and
the quantity of water discharged to these basins. The pH of this water ranged
between 4.8 and 8.1. These values are outside the discharge limits of 6.5 to 8.5
but consistent with ground water observations throughout the site and observed
ranges of pH in precipitation. This last observation is important because most
recharge basin samples are collected from the standing water in the basin which
can be a mixture of precipitation and process water. The results of selected
water quality parameters are presented in Appendix D, Table 18. All values were
within the NYS DWS.

Water discharged to recharge basins was also sampled and analyzed for
metals. The results of these analyses are presented in Appendix D, Table 19.
Although discharges to recharge basins typically met NYS DWS, elevated iron
concentrations were observed at Recharge Basins HN (Outfall 002), HO (Outfall
003), and HS (Outfall 005). Recharge Basins HN and HO receive most of their
water from AGS pumping wells where no iron removal is performed on ground water.
Recharge Basin HS receives predominantly rainwater run-off and a limited amount
of processed cooling water.

Collection of grab samples from the recharge basins for VOC analyses was
initiated in 1990. Analytical results are presented in Appendix D, Tables 19A
and 19B. No VOCs were detected with the exception of chloroform, which was found
in concentrations ranging from 2 to 5 ug/L. The NYD DWS standard for this
compound is 100 ug/L.

3.3 Environmental Measurements and Analyses

3.3.1 External Radiation Monitoring

Dose-equivalent rates from gamma radiation at the site boundary, including
natural background, weapons test fallout, and that attributable to Laboratory
activities were determined through the use of CaF,:Dy TLDs.3%3! The locations
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of the on-site and off-site TLDs are shown in Figures 26 and 27, respectively.
The TLDs were positioned using a standard 16 sector wind-rose with Sector No. 1
centering on true north. The dose-equivalent rates observed are given in
Appendix D, Table 21. The annual average dose-equivalent rate as indicated by
all TLDs was 60.7 mrem/a (0.61 mSv/a). The dose-equivalent rate at the site
boundary was 61.2 mrem/a (0.61 mSv/a), while the off-site average rate was 60.3
mrem/a (0.60 mSv/a). Differences between the on-site and off-site TLD dose-
equivalent rate are the result of the terrestrial component of the external dose
measurement and not related to BNL operations.?!?

The maximum dose at the site boundary due to argon-41 and oxygen-15
airborne emissions was calculated using CAP88%2 as 0.07 mrem (0.0007 mSv). This

value is not measurable using today’s best available technology.

3.3.2 Atmospheric Radioactivity

The Laboratory’'s environmental air monitoring program is designed to
identify and quantify airborne radiocactivity attributable to natural sources, to
activities unrelated to the Laboratory (e.g., above ground nuclear weapon tests),
and to Laboratory activities. The predominant radionuclides measured in air at
the site boundary were tritium, fission products related to weapons test, fallout
and beryllium-7 produced in the atmosphere as a result of cosmic particle inter-
action in the atmosphere. 1In January, 1990, a single particulate filter was
identified as containing trace quantities of iodine-126. Although iodine-126 was
emitted from the Building 801 Hot Laboratory during this period, the release rate

was at normal levels. Furthermore, iodine is mnormally not detected on
particulate filters without a significantly larger fraction being adsorbed onto
the charcoal filter that 1is present in the sampling train. Source term

information and supplemental environmental data do not support this result as
valid. Consequently, the datum is considered as an outlier. It is presented in
the tables but not used in the assessment of facility impact.

3.3.2.1 Tritium Analyses

Sampling for tritium vapor was performed at six different on-site stations
(as shown in Figure 9). Location 6T had a duplicate sample train all year
(identified as 6T1 and 6T2 in Appendix D, Table 22) and air samples were
routinely collected in the counting room (17Cr) and analytical lab (17L). The
method of sampling was the collection of water vapor by drawing a stream of air
through silica gel cartridges. The data collected from these stations are
presented in Appendix D, Table 21. The maximum annual average tritium con-
centration at the site boundary was observed at Station 16T and was 7.9 pCi/m®
(0.3 Bg/m®). This air concentration would result in whole body dose from the
inhalation and submersion pathways of 0.006 mrem (0.00006 mSv). By comparison,
the National Council on Radiation Protection (NCRP) publication 91 recommends
that 1 mrem (0.01 mSv) is a dose which is below regulatory concern.3?

The airborne tritium concentrations measured outside Building 535 (Location
20T) reflect ambient air concentrations in the central part of the Laboratory
site. The annual average air concentration at this location was 8.7 pCi/m®
(0.32 Bg/m®) and would represent a dose of 0.002 mrem (0.00002 mSv) to the
typical BNL employee.
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As part of the response to the DOE Tiger Team Audit,®* the impact of down
draft at the 100m stack was incorporated into the tritium source term in an
effort to have the modeled data be more comparable to the measured site boundary
tritium data. This was performed in 1989 and resulted in good agreement between
the data sets. In 1990, the comparison of modeled versus measured data indicates
that measured data results in a calculated site boundary dose of about ten times
the value calculated by CAP88 using actual meteorological data and measured
effluent releases. Having made reasonable correction to the model for tritium
sources and knowing that the model accurately predicts gaseous plume concentra-
tion and dose, the issue of non-comparable measured versus predicted tritium
concentration and dose now centers on the ability to measure tritium at the
predicted air concentration considering the low air sample volume required to
collect the sample and the present practice of processing environmental and
effluent samples in the same work space. The MDL of the sampling system for
tritium, assuming a 200 cc/min sample rate, processing in a tritium free
environment and counting in an ultra-low background counter, is 0.2 pCi/m® (0.008
Bq/m®) which corresponds to a dose of 0.00015 mrem/yr (0.0000015 mSv/yr). These
air concentrations and dose rates are comparable to the CAP88 predicted values.
Since the sample flow rate and the method of counting used by BNL are equivalent
to those needed for the projected sensitivity, the issue of better model/measured
agreement revolves around the processing of environmental tritium air samples in
the same area as effluent tritium samples.

The presence of tritium in the sample processing area, as evidenced by air
concentration in the Building 535 Counting Room and Analytical Laboratory, is
certainly the most obvious reason for the inability to obtain better agreement
between modeled and measured tritium data. The resolution of this issue,
processing effluent and environmental samples in the same work area, is being
addressed as a response item to the Tiger Team findings.

For the foreseeable future, site perimeter monitoring will continue to be
used as a method to monitor for potential large releases and provide an upper
boundary for both model verification and dose estimates. Compliance verification
will be performed using CAP88 and measured source terms plus BNL meteorology.

3.3.2.2 Radioactive Particulate

During 1990, positive displacement air pumps were operated at five on-site
monitoring stations (16T2.1, 11T2.1, 6T2.8, 4T2.4, and S6). The sampling media
consisted of a 5-cm diameter air particulate filter followed by a 51.5 cm®
canister of triethylene diamine-impregnated charcoal for the collection of radio-
halogens. The air particulate samples were collected on a weekly basis (except
for Location S6 which was changed daily) and counted for gross alpha and beta
activity using an anticoincidence proportional counter. Sample Location S6 gross
alpha and gross beta data have higher average values than other sample sites
because of the difference in sample period. The air particulate gross alpha and
beta data are consistent with 1989 BNL data. However, the gross beta concentra-
tions are four times higher than EPA values for Yaphank, New York.!!"'* This is
most likely due to differences in methods of sample processing. For 1990, the
background subtracted for gross alpha and gross beta analysis by BNL was the
empty counter background. Use of an un-used filter paper as the background
dramatically changes the result and is responsible for the difference between the
EPA and BNL data sets.
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In addition, analyses for gamma-emitting nuclides were performed on a
weekly composite of the filter papers and on charcoal filter bed samples that had
a sample period of one month. The analytical results for air particulate filters
are shown in Appendix D, Tables 22 through 26. Gamma-emitting radionuclides
detected on charcoal filters are reported in Appendix D, Tables 27 through 31.

The presence of Chernobyl fallout, weapons test fallout from previous
years, and cosmogenically produced radionuclides were detected by gamma
spectroscopy at or near the systems minimum detectable activity levels. 1In
January, 1990, what is believed to be an anomalous iodine-126 value was reported
for an air particulate filter at Location 16T2.1. If that value is real, a
resident at that location of the maximum observed concentration would have
received a committed effective dose equivalent of 0.006 mrem (0.00006 mSv) as a
result of inhaling the measured concentrations. This dose is below both the
NCRP®? and EPA®? level of "de minimis”.

3.3.3 Radioactivity in Precipitation

Pot-type rain collectors are situated at Locations S5 and 11 (Figure 9).
Dry deposition and precipitation samples were collected on a weekly basis.
Portions of each collection were processed for gross alpha, beta, and tritium
analysis. A fraction of both the precipitation (wet) and dry deposition (dry)
samples was composited for quarterly gamma analysis. Strontium-90 analyses were
performed quarterly on precipitation samples. The data for 1990 are reported in
Appendix D, Table 32 and reflect typical washout values associated with
atmospheric scrubbing!® and the presence of radiocactive particulate resulting
from cosmogenic production, nuclear weapons fallout and Chernobyl. These data
are similar to those detected by EPA'"!* at their Yaphank, New York Monitoring
Station.

3.3.4 Radioactivity and Metals in Socil, Grass and Vegetation

The results of scil and grass sampling conducted at three locations in the
vicinity of the site are shown in Appendix D, Table 33. The results are
consistent with data collected in previous years.!® No nuclides attributable to
Laboratory operations were detected. The observed concentrations represent the
contribution of primordial and cosmogenic sources, and weapons test fallout.

3.3.5 Peconic River Aquatic Surveillance

3.3.5.1 Radiological Analyses

Radionuclide measurements were performed on surface water samples collected
from the Peconic River at six locations; HM, the location of the former site
boundary approximately 790 meters downstream of the discharge point; HQ, located
approximately 2.1 km downstream from the discharge point; HA and HB, located
approximately 5 km downstream from the discharge point; HC, located approximately
7 km downstream of the discharge point; HR, located 21 km downstream from the
discharge point. A control location (Location HH) located on the Carmans River
in North Shirley which is not influenced by BNL liquid effluent was also sampled.
The Peconic River sampling stations are identified in Figure 28. Routine grab
sampling at both the former site boundary (Location HM) and the current site
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boundary (Location HQ) was conducted three times per week. The locations are
equipped with V-notched weirs to permit flow proportional sampling and volume
measurements. Due to heavy vegetation growth down stream of these weirs, which
causes no vertical drop across the weir, volume measurements cannot be performed
with the existing equipment. Figure 29 provides a twenty year review of liquid
discharge volumes to the Peconic River and flow estimates for the Peconic River
on-site. The data indicate that there was no measurable flow at the site
boundary between 1983 and 1988. Non-quantifiable flow has existed at Location
HM since 1984 due to vegetation growth in the river bed downstream of the weir.
Between 1985 and 1988, water levels at Location HQ have been below the conduit
which transports water from the BNL site to the weir at Location HQ. As stated
earlier, vegetation growth below the weir is now too dense to permit flow
measurement using the currently installed equipment. Samples from Locations HA,
HB, HC, HR, and HH were collected during the first, third, and fourth quarters
of 1990. No samples were collected in the second quarter due to a reprioritiza-
tion of field sampling team activities associated with presence of the DOE Tiger
Team.

The radiological data generated from the analysis of Peconic River surface
water sampling are summarized in Appendix D, Tables 34 and 35. The data indicate
that gross beta, tritium, cesium-137, and cobalt-60 are present above ambient
levels at Locations HM and HQ. Trace quantities of tritium are present out to
Location HR. Strontium-90 and cesium-137 are present at ambient levels in all
surface water tested.

3.3.5.2 Non-radiological Analyses

Measurements of selected non-radiological water quality parameters were
performed at the former site boundary (Location HM). Analytical results are
presented in Appendix D, Table 36. A pH range of 3.1 - 7.2 was observed at this
location. The results for metal analyses are presented in Appendix D, Table 37.
Metals such as silver, cadmium, and chromium were not detected. Copper, mercury,
manganese, and lead were occasionally detected at or near the lower limit of
detection which is well below the NYS DWS. 1Iron was the only metal found in
concentrations which exceeded the NYS DWS.

In 1990, surface water samples were also collected along the Peconic and
Carmans Rivers. These samples were analyzed for water quality parameters. The

analytical results are presented in Appendix D, Table 38.

3.3.6 Aquatic Biological Surveillance

The Laboratory, in collaboration with the NYSDEC Fisheries Division, has an
ongoing program for the collection of fish from the Peconic River and surrounding
fresh water bodies (Figure 28). 1In 1990, fish samples from the Peconic River
were collected at Locations EA, HM, Donahue’s Pond, and Forge Pond. Control
samples were collected from Carmans River and Swan Lake. Specific information
regarding the sampling point, distance from the BNL effluent release point,
species of fish collected and analytical results are presented in Appendix D,
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Liquid Flow Data

Sewage Plant and Peconic River
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Figure 29: Liquid Flow Data — Sewage Plant and Peconic River 1971 to 1990
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Table 39. 1In CY 1990 only, gamma spectroscopy analysis was performed on these
samples. The Peconic River fish contained cesium-137 concentrations which ranged
from near background levels at Forge Pond (150 - 300 pCi/kg-wet [5.6 - 1l1.1
Bq/kg-wet]) to 1,647 pCi/kg-wet (61 Bq/kg-wet) at Location EA. 1In order to
obtain an estimate of the strontium-90 concentrations in fish for 1990, a
strontium-90 to cesium-137 ratio was developed from the data reported in 1989.
This relationship was then used to estimate the strontium-90 concentration for
use in dosimetric assessment.

The Forge Pond and Donahue’s Pond analytical data for cesium-137 indicates
that this radionuclide is present in net concentration levels which range from
1.4 to 6.5 times control data. The presence of these levels may be indicative
of a BNL contribution to the cesium-137 inventory. Cesium-137 concentrations
detected at Locations EA and HM are clearly related to BNL effluent discharges.
The maximum individual and collective dose from the aquatic biological pathway
were calculated based on the measured 1990 cesium-137 concentrations and
strontium-90 concentrations predicted by multiplying the 1990 cesium-137 concen-
trations by the 1989 strontium-90 to cesium-137 ratio. Only samples collected
off-site were used for this assessment. Based on the methods and results just
described, the maximum individual committed effective dose equivalent was
estimated to be 0.75 mrem (0.0075 mSv) and the collective committed effective
dose equivalent was estimated to be 0.375 person-rem (0.00375 person-Sv).

3.3.7 Potable Water and Process Supply Wells

Potable Wells 4, 6, 7, and 12 supplied the majority of potable water for
use at BNL during 1990. In October, 1990, Potable Well 4 was voluntarily removed
from service when TCA was cbserved at a concentration of 7.5 ug/L. Potable Wells
10 and 11 remained out of service due to the presence of TCA that exceeded the
New York State DWS of 5 ug/L. The Laboratory initiated the process to install
carbon filtration at Well 11 in 1990 and expects that this well will be available
for service during CY 1991. Process Supply Wells 101, 102, and 103 were used
periodically during 1990 to provide cooling water to the AGS facility. Process
Supply Wells 104 and 105 provided secondary cooling water to the MRR until March,
1990 when both wells were placed out of service due to the presence of TCA in
recharge water that exceeded the NYS DWS.

The Laboratory’'s potable water wells and cooling water supply wells are
screened from a depth of about 15 m to about 46 m, in the Upper Glacial aquifer,
with one exception. Well 104 is screened at multiple depths: 40 to 43 m in the
Upper Glacial and 60 to 90 m in the Magothy aquifer. As was shown in Figure 24,
most of these wells are located west or to the northeast and are upgradient of
the Laboratory’s principle facilities in the local ground water flow pattern.
As was indicated in Figure 25, about 16.7 MLD were pumped from these wells in
19906. Grab samples were obtained from the potable wells on a quarterly basis and
analyzed for radioactivity, water quality indices, metals, chlorocarbon
compounds, trihalomethane compounds, and benzene, toluene, and xylene (BTX).
Supply Wells 104 and 105 were sampled only once in 1990 for chlorocarbon and BTX
compounds. Well 105 had a TCA concentration that exceeded the NYS DWS. Although
no organics were detected in the 1990 water sample from Well 104, this well had
TCA concentrations in excess of the NYS DWS in 1989. Because discharge of
organic compounds in excess of the NYS DWS is not authorized under the SPDES
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permit, and because there was uncertainty regarding the potential for upper to
lower aquifer contamination, BNL placed both wells out of service in March, 1990.

Process Supply Wells 101, 102, and 103 were not sampled in 1990 by S&EP.
Water chemistry analyses were performed by the facility operators as needed to

meet their operational requirements.

3.3.7.1 Radiological Analvses

The average radionuclide concentrations are reported in Appendix D, Table
40. The presence of cesium-137 in Potable Wells 6 and 12 and beryllium-7 at
Potable Well 12 does not appear to be related to Laboratory operations.
Radionuclide concentrations in potable water are all small fractions of the
applicable water standards or guides and do not pose a safety or health risk to
individuals who drink or use the water on-site. The dose resulting from
consuming 100% of the daily water intake from the highest concentration water
sources would result in a committed effective dose equivalent of 0.01 mrem
(0.0001 mSv). Quality Control samples consisting of distilled and tap water from
Building 535 are analyzed daily for gross alpha, gross beta, and tritium. These
results are presented in Appendix D, Table 41 and can be used for comparison with
other ground water sample results.

3.3.7.2 Non-radiological Analyses

The water quality and metals data for the Laboratory potable supply wells
are shown in Appendix D, Tables 42 and 43, respectively. With the exception of
pH, indices of water quality such as nitrates, sulfates, and chlorides were all
well within the limits established in the NYS DWS.!7:!® The pH values in these
wells ranged from 5.8 - 7.9 and are typical of Long Island.3%:3¢ The pH of water
distributed by the BNL water treatment plant (WIP-EFF) ranged from 6.5 to 9.1
while the pH at Potable Well 12, which introduces water directly into the
distribution system, was 6.3 to 7.9.

Samples from potable wells were analyzed monthly for residual chlorine and
the presence of coliform bacteria. The analytical results were included in the
monthly reports submitted to the SCDHS. The analyses indicated that bacteria
were not detected in samples and the BNL potable supply is well within the
requirements of the EPA National Primary Drinking Water Standards!® and the New
York State Sanitary Code.'’

The majority of metals including silver, cadmium, chromium, mercury, and
lead were not detected in the Laboratory supply system. Copper, manganese, and
zinc were detected at levels below their respective NYS DWS. Iron was not
detected in water samples collected at the well head of Potable Well 12 and was
detected at 40% of NYS DWS in water from the BNL water treatment plant. Iron was
detected at ambient levels in Potable Wells 4, 6, and 7. The water from these
latter wells is treated at the WIP which has an iron removal efficiency in excess
of 90% and permits distribution of water (WIP-EFF) at concentrations below the
0.3 mg/L NYS DWS. Sodium was detected in all wells at ambient concentrations.
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Water samples are collected from the potable wells during the first month
of each calendar quarter and are analyzed by a contractor laboratory which is
certified by the NYSDOH for organic analyses in potable water. These samples are
collected in order to monitor for compliance with NYSDOH requirements for a
Community Water System and the National Interim Primary Drinking Water
Regulations and are submitted to the DHS. The results of these compliance
samples are presented in Appendix D, Tables 44 and 45. These data indicate that
the potable water from Wells 6, 7, and 12 at BNL met the NYS DWS or NYSDOH
advisory limits.'”'® As indicated previously, TCA was detected in Potable Well
4 in excess of the NYS DWS of 5 pg/L. This compound was also detected at Wells
6 and 12 but at concentrations significantly lower than at Potable Well 4. Trace
concentrations of chloroform were also detected at Potable Wells 4 and 6 at
concentrations corresponding to 3% of the NYS DWS.

During the second or third month of each quarter, BNL schedules the
collection of potable water samples which are analyzed on-site by S&EP for ten
organic compounds. These samples serve both as a quality control on the
contractor laboratory and as an additional source of organic data used in trend
analysis of water quality. The results of this sampling program are presented
in Appendix D, Tables 46 and 47. 1In 1990, the only organic compound detected in
the BNL program for potable wells was chloroform at Well 6 and at the WTP
effluent. Observed concentrations were 19% and 5% respectively of the NYS DWS.

In 1989, TCA concentrations of 13 ug/L were observed in water from supply
well 104 (FK). 1In 1990, as a result of the DOE Tiger Team assessment, this well
was placed in an out-of-service mode, until a decision is made regarding the need
to close this well in an effort to minimize the potential for channelling of
upper aquifer contamination to greater depths. In 1990, Supply Well 105 (FL) was
found to contain TCA at a concentration of 31 ug/L. Because discharge of water
to a recharge basin containing contamination in excess of the NYS DWS was viewed
by NYS as a violation of the SPDES permit conditions, this well was taken out of
service as a source of cooling water for the MRR. No other chlorocarbon data,
as reported in Appendix D, Table 46 were detected.

Water samples were also analyzed for BTX by BNL. These results are shown
in Appendix D, Table 47. 1In all cases, these compounds were not detected in BNL

potable or supply water.

3.3.8 Ground Water Surveillance

This network includes wells that are located both upgradient and down-
gradient of the following areas: on-site recharge basins, the STP sand filter
beds, the Peconic River, the WCF, the CSF, the HWMF, the former landfill area,
Building 650 sump, the Army Landfill ("X-26" site), and the Current Landfill.
The location of all ground water surveillance wells is shown in Figure 30. Wells
located in specific Sections (grids) of interest are shown in Figures 31, 32, 33,
and 36. Appendix D, Table 48 provides a cross reference index which assigns grid
coordinates for each well to the historic location identifier. For this report,
both the old and the new well identifiers are used. The conversion to the grid
numbering system was implemented in order to establish a uniform identification
system for the monitoring wells.
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The data presented in subsequent text and tables are compared to DCGs to
determine compliance with operational limits and, because the aquifer underlying-
Nassau and Suffolk Counties has been designated as a "Sole Source",®’ the data
are also compared to the EPA!® and NYS DWS.7-18

3.3.8.1 Radiological Analyses

The yearly average concentrations of radionuclides in samples from the
wells adjacent to the sand filter beds at the STP, downstream on the Peconic
River, and adjacent to the Meadow Marsh-upland recharge area are summarized in
Appendix D, Table 50. The location of these wells is presented in Figures 30 and
31. Elevated gross beta and tritium concentrations have been found in on-site
wells adjacent to the sand filter beds and the Peconic River. The observed
levels are probably attributable to losses from the tile collection field
underlying the sand filter beds and periodic recharge to ground water from the
Peconic River in this area. In 1990, on-site gross beta ground water concentra-
tions ranged from 2% to 7% of the NYS DWS. Tritium concentrations ranged from
detection limits to 11% of the NYS DWS. Strontium-90 concentrations ranged from
nondetectable to 24% of the NYS DWS. Ten of the 15 wells monitoring these sites
were abandoned in 1990 and of these, one well (40-04, previously XY) had
strontium-90 concentrations exceeding DWS. Replacement of this monitoring well
will be considered in the preparation of the BNL Ground Water Monitoring Plan.
Gamma-emitting radionuclides were not detected in any of the Peconic River or
Meadow Marsh-upland recharge area monitoring wells.

In 1990, the cooperative program between BNL and the SCDHS continued for
the collection and analysis of samples from wells serving private homes. As part
of this program, samples were collected quarterly from 16 private drinking water
wells in Suffolk County. Twelve of these sampling stations were from homes near
the Laboratory, with the remainder from locations randomly selected by SCDHS.
A total of 23 different locations were sampled in 1990. Samples were analyzed
for gross alpha, gross beta, and tritium on a quarterly basis, while analyses for
strontium-90 and gamma spectroscopy were performed annually. Results from this
program, presented in Appendix D, Table 51, indicate that tritium was detected
in samples collected from three locations adjacent to the Laboratory. (One
location was a sampling point along the Peconic River and two locations were
private potable wells.) The private wells in the sampling program are screened
at depths ranging from 50 to 200 feet and had annual average tritium concentra-
tions that ranged from below detection limits to 2255 pCi/L (83 Bq/L). Although
above background, these data were consistent with data collected since 1979, and
were less than 11% of concentration limits and 3% of the dose limit specified by
the DWS'® for community water supplies. Gamma spectroscopy results from these
private potable wells in 1990 indicated the trace presence of naturally occurring
potassium-40. The observed concentrations were below the detection limit but
above the two sigma counting error. They are reported as trace for trending
purposes. The Peconic River sampling location was observed to contain cesium-
137. The reported concentration, 1.6 pCi/L (0.06 Bq/L), agrees well with the
1990 annual average cesium-137 concentration at the Peconic River site boundary
Sampling Location HQ of 1.78 pCi/L (0.07 Bq/L) strontium-90 results are
effectively at or below the analytical detection limits.
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The data for the samples collected from control wells, wells in the
northeast and west sectors, south boundary, central part of the BNL site, the
Current and Former Landfills, Ash Depository, and the HWM area are shown in
Appendix D, Tables 52 through 55. At the north boundary, Former Army Landfill,
AGS, south boundary, and west side site wells, (Appendix D, Table 52) most
results were either below the system detection limits or typical of ground water
not impacted by laboratory operations. The highest gross beta level observed was
along the south boundary at Location 130-02. The value corresponds to a time
when the sample water was milky in color and there was a question regarding the
dissolution of the bentonite seal. Beryllium-7 was detected once at Well
Location 53-04 but not in subsequent samples. Downgradient of the AGS at
Building 811, sodium-22 was routinely detected at concentrations up to 1% of the
DWS. Strontium-90 was also detected in these and other AGS area wells in
concentrations representing less than 14% of the DWS.
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Figure 32:
g 2: Ground Water Monitoring Wells — AGS Area



The location of wells installed to monitor Building 830, the MPF, CSF, or
Photography or Graphic Arts are shown in Figure 33 and the radionuclide
concentrations observed in 1990 samples are presented in Appendix D, Table 53.
Except for a single elevated gross beta result at Well 76-16, gross beta
concentrations were at ambient levels and all observations were well below the
NYS DWS.

In the vicinity of Building 830 (Appendix D, Table 53), radiological
results for ground water monitoring samples indicated the presence of cobalt-60
in each well sample. The cobalt-60 concentrations are most likely related to
operational activities at Building 830 associated with the "d-waste" line leak
although AGS storage of activated components outside on nearby soil may play a
contributing role. The observed concentrations are less than 1% of the NYS DWS.
Well 76-18 in the MPF area showed strontium-90 concentration levels slightly
above ambient conditions but well below (13%) the NYS DWS. Ground water samples
analyzed from monitoring wells near the Photography and Graphic Arts building
indicated no significant concentrations of radio-nuclides.

Radionuclide results for samples collected at the former ashfill and the
current and the former landfill areas are presented in Appendix D, Table 54. No
activity was observed in the ashfill well sample. At the current landfill, eight
downgradient wells consistently show elevated gross beta concentrations; 14 wells
exhibit above ambient concentrations of tritium; seven wells (essentially those
with elevated gross beta concentrations) have elevated strontium-90 levels;
sodium-22 was detected in five wells; and cesium-137 was detected in two wells.
The highest annual average gross beta, tritium, strontium-90, sodium-22, and
cesium-137 concentrations were 35%, 95%, 53%, 0.2%, and 0.4%, respectively of the
NYS DWS. 1In general, radionuclide concentrations in the downgradient current
landfill wells are consistent with inorganic contaminants, specifically iron,
observed at the same locations. The presence of radionuclides in ground water
samples, collected from the current landfill area, is the result of BNL's past
practice of placing low specific activity material in that location. This
practice was terminated in 1978.

At the former landfill, the maximum tritium and gross beta concentrations
of 1160 pCi/L (43 Bq/L), 14.93 pCi/L (0.55 Bq/L) were observed in Wells 96-04 and
97-03 respectively. Strontium-90 was detected at Well 97-03 at a concentration
of 5.1 pCi/L (0.2 Bg/L). 1In all three instances, these radionuclide concentra-
tions were well below NYS DWS. The presence of radionuclides in ground water
samples from the former landfill and chemical hole area is the result of BNL's
past practice of placing low specific activity material in that location.

The ground water monitoring program conducted at the HWMF (Figure 36)
consists of a shallow well network located near the facility and a set of deeper
wells that extends out from the facility in the direction of ground water flow.
The radiological results for the samples collected from this program are
presented in Appendix D, Table 55. The elevated annual average gross beta
concentrations were observed at three wells locations: 88-04, 98-02, and 98-29.
The observed concentrations were 81%, 42%, and 26%, respectively of the gross
beta NYS DWS. Nineteen well locations exhibit tritium concentrations in excess
of ambient levels. The maximum annual average concentration observed in this
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Figure 34: Tritium Concentrations — Central Portion of Site
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area was 27% of the DWS. Sodium-22 and cobalt-60 were detected periodically in
samples from this area at concentrations substantially less than 1% of the DWS.
Strontium-90 was detected in excess of the DWS at the three wells identified with
elevated gross beta concentration. At Well 88-04, the strontium-90 concentration
was 61 pCi/L (2.3 Bg/L); at Well 98-02 the strontium-90 concentration was 44
pCi/L; and at Well 98-29, the strontium-90 concentration was 32 pCi/L (1.2 Bq/L).
The NYS and EPA strontium-90 DWS is 8 pCi/L (0.3 Bg/L). The locations where
these concentrations were observed were well within the site boundary. Ground
water concentrations at all site boundary stations were well within regulatory
guidelines. Figures 37 and 38 depict the tritium and strontium-90 concentration
contours for the HWM area.

In addition to the routine ground water monitoring program, gross alpha,
gross beta, and tritium analyses were performed on a monthly basis during the
first quarter of 1990 for samples collected from the spray aeration project
wells. The approximate location of these wells are indicated in Figure 36. The
Pumping Wells 98-05, 98-16, and 98-25 were totally inactive in 1990. Pumping
Wells 108-02 and 108-09 ran only from January to March, 1990. The project was
suspended at the request of NYSDEC and the DOE Tiger Team who expressed
reservations regarding hydraulic containment of the plume. The radiological
results from this sampling program are presented in Appendix D, Table 56. These
data indicate the presence of low level tritium and periodic sodium-22
concentrations. These concentrations are 7% and 0.4% of the respective DWS. All
other radionuclides were either not detected or at ambient levels.

3.3.8.2 Non-radiological Analyses

The data for wells adjacent to the sand filter beds and downstream of the
Peconic River on- and off-site (Figures 30 and 31), are shown in Appendix D,
Tables 56 - 59. 1In general, the data for samples obtained from these wells were
comparable to those observed during previous years.!® The water quality data for
this series of surveillance wells 1is reported in Appendix D, Table 56.
Conductivity, chlorides, sulfates, and nitrate-nitrogen were not significantly
different than values observed in BNL’s control wells. The pH ranged from 4.7
to 7.1 which shows a slightly wider variation in pH than observed in control
wells. Copper and zinc (Appendix D, Table 57) were detected in concentrations
below NYS DWS.'® Silver, cadmium, chromium, mercury, and lead concentrations
were all less than or equal to the method minimum detectable concentration. One
manganese concentration in excess of NYS DWS was observed at Well 47-02, while
iron was observed in five monitoring wells in excess of NYS DWS.

Some of these wells were also analyzed for chlorocarbon, trihalomethane,
and BTX compounds. As can be seen from the data in Appendix D, Tables 58 and 59,
all reported results for TCA, chloroform, and BTX were below the system detection
limits.

The surveillance data for the current and former landfills, and ash
repository wells are shown in Appendix D, Tables 60 through 63. The BNL current
landfill ceased operations in 1990 in accordance with the Long Island Landfill
Law. Permanent closure of this facility will follow completion of a RI/FS for
the area. Radioactivity and metals data from wells monitoring the BNL current
landfill are reported quarterly to NYSDEC.
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The pH data from the Current Landfill wells ranged from 5.1 to 7.9. In the
downgradients wells (87-03, 87-05, 87-08, 87-11, 88-02, and 88-13), chlorides
ranged from five to ten times ambient conditions as observed in Well 88-12.
Sulfates in Wells 88-02 and 88-13 ranged from two to four times background levels
in Well 88-12. Nitrate-nitrogen concentrations were consistent with on-site
control well data. Metals data for the current landfill wells indicate that
silver, cadmium, chromium, and copper were not detected in these samples. While
the lead, mercury, and zinc were sporadically detected, these parameters were
well below the NYS DWS. Iron and manganese were detected at many wells in
concentrations which exceeded the NYS DWS. The presence of most of these
parameters in ground water samples collected from this area is consistent with
past landfill activities.

At the Former Landfill area, the pH ranged from 4.9 to 7.02 and water
quality parameters were consistent with data from control wells. Silver,
chromium, copper, zinc, and lead were not detected in water samples from these
wells. Cadmium, iron, and mercury were detected at levels below the NYS DWS.
Manganese was the only inorganic parameter which exceeded the NYS DWS and this
occurred only in Well 97-05.

The ground water surveillance wells at the landfill areas and control wells
were analyzed for chlorocarbon, trihalomethane, and BTX compounds. At the
Current Landfill, benzene was detected at downgradient well locations. Only one
of these concentrations (Location 87-03) exceeded NYS DWS. Toluene was detected
in one well (Location 88-13) which exceeded the NYS DWS. The presence of xylene
was indicated in one well, but it did not exceed the NYS DWS. Of the other
organic compounds which BNL analyzes, TCA and DCA were detected in three and five
wells respectively. The DCA was detected in five wells used to monitor the
Current Landfill. The maximum values observed in two of these wells exceeded the
NYS DWS by a factor of two. At the Former Landfill, of the eight wells sampled
for chlorocarbon, trihalomethane, and BTX compounds, none had concentrations
exceeding MDLs. In 1990, however, six wells were removed from the Former
Landfill monitoring schedule due to their poor condition. Several of these wells
which were sampled in 1989 and which indicated chlorocarbon, trihalomethane,
and/or BTX impacts to the underlying aquifer system, will be replaced with new
monitoring wells as the remedial investigation for this area of concern proceeds
in CY 1991 and CY 1992.

At the HWMF, the routine ground water monitoring program consists of a
shallow well network located near the facility and a set of deeper wells that
extend out from the facility in the direction of ground water flow. The average
water quality and metals data for the HWMF are presented in Appendix D, Tables
64 and 65. Water quality parameters were all within ambient conditions. Metals
such as silver, lead, copper, and cadmium were not detected in any of the wells.
Trace concentrations of chromium, mercury, and zinc were detected sporadically.
Iron and manganese were detected at ambient (trace) levels and were consistently
well below NYS DWS. Iron concentrations in ground water at the HWMA are
substantially lower (by as much as three orders of magnitude) than the adjacent
Current Landfill area located immediately to the west.
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The results for organic analyses performed on samples collected from these
wells are presented in Appendix D, Tables 66 - 67. The presence of TCA was not
detected in thirteen wells but was observed in five surveillance wells at
concentrations that exceeded the NYS DWS; these wells included 88-04, 98-02, 108-
05, 108-12, and 108-13. Tetrachloroethylene and DCA were detected in Monitoring
Wells 88-04 and 98-02, respectively; in each case exceeding the NYS DWS.
Chloroform was detected at trace levels in only one well: 108-05 at a concentra-
tion that was substantially below the NYS DWS. No BTX compounds were detected
in 1990 in the HWMF monitoring wells.

The five pumping wells used in the HWMF spray aeration project were not
sampled and analyzed in 1990, following temporary shut down of that operation.

Samples were not collected from spray aeration project pumping wells for
VOC analyses during 1990. During the first quarter of 1990, Pumping Wells 108-02
and 108-09 were operating in the winter, but not in a spraying mode. Sampling
for organic compounds was not scheduled for winter mode operation, as stated
earlier, the project was suspended upon the arrival of the DOE Tiger Team and was
not restarted in 1990. Concentrations of VOCs in the surveillance wells used to
define the TCA plume recommended and installed by H2M/Roux in their 1985 HWMF
study®® appear to have declined substantially as a result of the spray aeration
project. For the most part, the original four VOC compounds identified in the
plume in 1985 (TCA, TCE, PCE, and chloroform) were at non-detectable levels with
the exception of Monitoring Wells 88-04, 98-02, 108-05, 108-12, and 108-13.

The MPF is the holding area for most fuels used at the CSF. The potential
for ground water contamination in this area is monitored by one upgradient well
and 13 downgradient wells. The results for water quality, metals, and organic
analyses performed on samples collected from these surveillance wells are
presented in Appendix D, Tables 68 through 71. The water quality parameters are
consistent with ambient levels. Silver, cadmium, copper, and lead were not
detected in water sampled from this area. Trace quantities of mercury and zinc
were identified at concentrations that were substantially below the NYS DWS.
Only iron and manganese were found in concentrations which exceeded the NYS DWS.

Analyses of samples from this location for petroleum products identified
the presence of BTX compounds at concentrations in excess of the NYS DWS in
several of the monitoring wells that straddle the surface of the water table
(Appendix D, Table 71). Benzene, ethylbenzene, toluene, and xylene or combina-
tions of these compounds were observed in five of the CSF wells at concentrations
exceeding NYS DWS ranging from a factor of two to a factor of nearly 50. No BTX
compounds were detected in the five MFP monitoring wells, nor was free product
(oil floating on top of the ground water) observed at any of these locatioms.
Chlorocarbon compounds were detected in four wells from the MFP and CSF areas.
At Well 76-21, the TCA concentration exceeded the DWS by a factor of four; the
TCE concentration exceeded the DWS by a factor of seven; the PEC concentration
exceeded the DWS by a factor of 26. Other wells where chlorocarbon data exceeded
the DWS were 76-19, 76-08, and 76-05.
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Monitoring wells at Building 830 and the Photography and Graphic Arts
Building (PG&A) were sampled in 1990 and the analytical data for water quality
parameters, metals, chlorocarbons, and BTX compounds are reported in Appendix D,
Tables 72 - 75. No apparent ground water impacts are evident for any of the
parameters analyzed in the vicinity of these specific lab facilities.

Water quality data for the north boundary, Army Landfill, AGS, Building
811, west sector, and south boundary monitoring wells are presented in Appendix
D, Tables 76 - 79. Water quality parameters and metals in these areas were
either below detection limits or sporadically detected at trace levels. Iron
exceeded DWS in wells at the north boundary, AGS, and south boundary but cannot
be directly attributed to any lab activities. The BTX compounds were detected
only in Wells 18-01 and 53-01 in the form of toluene at concentrations below DWS.
The former well has been spray painted once and continually vandalized; the spent
paint can indicate toluene as an ingredient. Chlorocarbons in the form of TCA
have been detected above DWS in one west sector well and one south boundary well.
These are Wells 83-02 and 130-02, respectively. The latter well has been the
subject of Geraghty and Miller’s off-site contamination report discussed in
Section 7.7 of this report.

3.4 Laboratory Quality Assurance

The EM program, which includes surveillance monitoring as well as
compliance monitoring, utilizes on-site radiological and analytical chemistry
laboratories as well as off-site contractor laboratories. The S&EP Analytical
Chemistry Laboratory is certified by NYSDOH for metals and anions under potable
water analyses.

During CY 1990, certification for purgeable organic compounds analyses was
changed and incorporated into the nonpotable chemistry category; this is due to
the fact that, under NYSDOH laboratory certification rules, a sub-category under
potable chemistry cannot be split for the purpose of certification. Since only
some of the analytes of the sub-category are needed for certification, on the
advice of the NYSDOH, the category is changed from potable to non-potable
chemistry under which analytes of interest can be chosen from a sub-category.
However, the essential elements of quality control and detection limits achieved
for the sample analyses are in line with the potable chemistry.

The S&EP Radiological Laboratory participates in the DOE Environmental
Measurements Laboratory QA Program and the EPA Nuclear Radiation Assessment
Division (EMSL-LV) Intercomparison Study. The results of these intercomparison
studies are summarized in Appendix E.

Most of the data that are generated to comply with environmental
regulations are analyzed by off-site contractor laboratories. This information
is used for the SPDES discharge monthly monitoring reports, WIP monthly reports,
and the CSF semiannual reports. Procedures are established for collection of all
samples and analyses of those samples performed on site. Audits of contractor
laboratories are performed on a periodic basis and are coordinated by the QA
Officer. During CY 1990, three off-site laboratories were reviewed for QA/QC
compliance and competence of required methods.
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4.0 OFF-SITE DOSE ESTIMATES

4.1 Dose Equivalents due to Airborne Effluents

The major radionuclides released from BNL airborne effluent discharge
points were tritium, oxygen-15, and argon-41. The measured tritium concentra-
tions and dose equivalents at the site boundary are shown in Appendix D, Table
80. The highest annual average site boundary concentration of tritium vapor was
7.9 pCi/m® (0.29 Bq/L) at Monitoring Location 16 (NNW Sectbr) and the committed
effective dose equivalent (inhalation and skin absorption) was 0.006 mrem
(0.00006 mSv) for the hypothetical individual residing at that location. By
comparison, the site boundary tritium dose calculated using source term data and
CAP88 are presented in Appendix D, Table 81. The exposure rates due to argon-41
and oxygen-15 were not measured at the site boundary. The dose-equivalent rates
for these radionuclides, calculated using CAP88, are presented in Appendix D,
Table 82. The maximum site-boundary dose-equivalent from argon-41 and oxygen-15
was calculated to be 0.066 mrem/a (0.00066 mSv/a). The maximum site boundary
dose from all three radionuclides was 0.067 mrem/a (0.00067 mSv/a).

The collective (population) dose equivalent was estimated for radionuclides
released to the airborne environment using measured effluent release data and

recorded BNL meteorological parameters. Using actual source terms and
meteorological 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 micrometeorological conditions which
may exist, resulting in differences between the measured and expected tritium
concentrations at the perimeter monitoring stations.

Collective total body doses resulting from the radionuclides released from
each facility are presented in Appendix D, Table 83. Argon-41 contributed a
collective dose equivalent of 1.30 person-rem (0.0130 person-Sv) which is
essentially the entire collective dose equivalent for the site. The dose
equivalent contributions from tritium and gallium-68 were 0.012 and 0.0081
person-rem (0.00012 and 0.000081 person-Sv), respectively. This is depicted
graphically in Figure 39. The fraction of collective dose as a function of
facility is presented graphically in Figure 40. The 1990 population collective
dose-equivalent resulting from the release of airborne radionuclides by the
Laboratory was 1.33 person-rem (0.0133 person-Sv). This can be compared to the
1990 population collective dose-equivalent due to cosmic and terrestrial natural
background of 291,000 person-rem (2,910 person-Sv). The Laboratory airborne
releases comprised 0.0005% of the total dose due to natural background.

4.2 Dose Equivalents due to Liquid Effluents

Since the Peconic River is not used as a drinking water supply,®’ nor for
irrigation, its waters do not constitute a direct pathway for the ingestion of
radioactivity. However, the Peconic River does recharge the aquifer and acts as
a limited source for sport fishing. 1In 1990, the collective dose equivalent
resulting from the discharge of radiocactive materials to the Peconic River has
been computed by evaluating private potable water.
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For the drinking water pathway, only tritium was detected in off-site
potable wells. The highest annual average concentration for a single residence
was 2,255 pCi/L (83 Bq/L). The average concentration for the group of positive
tritium concentrations at private potable wells was 2,020 pCi/L (75 Bq/L). This
corresponds to a committed effective dose equivalent to the maximum individual
of 0.10 mrem (0.001 mSv) and a collective dose equivalent to the population at
risk (assumed to be not more than 500 persons) of 0.052 person-rem (0.00052
person-Sv). The data are summarized in Appendix D, Table 84.

The cesium-137 concentrations in fish samples collected from Peconic River
and control locations are reported in Appendix D, Table 39. Using the method
described in Appendix B, the maximum individual committed collective dose
equivalent was calculated to be 0.75 mrem (0.0075 mSv). The population
collective dose equivalent was calculated to be 0.427 person-rem (0.00427 person-
Sv). The water and fish pathway dosimetric results are summarized in Appendix
D, Table 84.

4.3 Collective (Population) Dose Eguivalent

The collective (population) dose equivalent (total population dose) beyond
the site boundary, within a radius of 80 km, attributed to Laboratory operations
during 1990 was 1.8 person-rem (0.018 person-Sv) and was obtained by the
summation of the doses from the pathways discussed previously in this report.
The data are summarized in Appendix D, Table 85.

The collective dose equivalent to the population within an 80-km radius of
the Laboratory, due to external radiation from natural background, amounts to
about 291,000 person-rem/a (2,910 person-Sv), to which about 97,000 person-rem/a
(970 person-Sv) should be added for internal radioactivity from natural sources.
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5.0 REGULATORY AFFAIRS

5.1 Brookhaven National Laboratoryv - Suffolk County Agreement

In September, 1987, BNL formalized an agreement with the County of
Suffolk?® wherein these two organizations in the spirit of comity move to achieve
the highest practical level of environmental protection to the citizens and lands
of Suffolk County. While it is recognized that the Laboratory makes every effort
to operate in compliance with all applicable Federal and State regulations, in
accordance with this agreement, BNL has made a commitment to conform with the
applicable envirommental requirements of the Suffolk County Sanitary Codes
related to public health and environmental protection. As a result of this
agreement, several areas of activity have taken place since its formalization.
These activities are discussed in more detail in Sections 5.1.1, 5.1.2, and 5.1.3
of this report. As a follow-up to routine activities, and to ensure that
information regarding issues of concern to both organizations reaches appropriate
levels of management, senior management from SCDHS and BNL meet on a quarterly
basis.

5.1.1 Review of Engineering Design Drawings

Brookhaven National Laboratory agreed to submit plans for construction
projects that are regulated by Articles 6, 7, 10, and 12%%°%3 to the SCDHS for
review for compliance with the environmental requirements of these codes. During
1990, a variety of engineering design drawings for the construction or
modification of storage tanks, upgrading of drum storage areas, and connections
to BNL STP were submitted to the SCDHS.

All comments provided by the SCDHS were reviewed and, where applicable,
were incorporated into the final design plans. As part of the BNL engineering
design review process, the collaboration with SCDHS on these reviews will
continue in CY 1991.

5.1.2 Registration of Toxic Liquid Storage Facilities

The intent and purpose of Suffolk County Sanitary Code Article 12%3 is to
safeguard the water resources of the County from toxic and hazardous materials
pollution. One of the requirements of this article is that any facility in
Suffolk County which is used to store toxic or hazardous materials, as defined
by the SCDHS, must be registered with the SCDHS.

In accordance with Section 760-1207 of Article 12, BNL submitted Toxic and
Hazardous Liquid Storage Registration Forms to the SCDHS in July, 1989.
Approximately 200 storage facilities were registered in this submittal. An
update to this registration package was submitted to the SCDHS in March, 1990.
Additional updates will be submitted to the SCDHS as existing facilities are
upgraded or new facilities -are proposed.
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5.2 SPDES Permit Renewal

Brookhaven National Laboratory has a SPDES Permit from the NYSDEC which
authorizes the discharge of the effluent from the STP to the Peconic River as
well as the discharge of non-contact cooling water from various facility
operations into five recharge basins on-site. This is issued by the NYSDEC and
has a Permit No. NY-000-5835. The expiration date for the BNL SPDES permit was
May 1, 1988.

In accordance with the appropriate New York State SPDES permit regulations
and procedures, BNL submitted an application package for the renewal of its SPDES
permit to the NYSDEC on October 30, 1987. Under the NYS Uniform Procedures
Act,** when a permittee has made a timely and sufficient application for a
permit, the existing permit does not expire until the application has been
finally determined by the issuing agency. Therefore, the Laboratory has
authorization to continue operating under the previous permit conditions.

Efforts to renew the SPDES permit continued during the CY 1990. These
efforts included (1) the submittal of information describing best management
practices for waste management at BNL and the mechanisms utilized to educate
employees at BNL regarding the proper methods of handling and disposal of
industrial wastes; and (2) the submittal of results for organic analyses from
grab samples collected at recharge basins. In addition, a meeting was held to
resolve some of the questions raised by the Tiger Team regarding the inclusion
of specific sources into the permit. Additional data requests were made by
NYSDEC which required modification to existing processes in order to facilitate
collection of samples. These requests will be addressed in 1991.

5.3 Compliance with State Pollution Discharge Elimination System Discharge
Limitations

Liquid effluent discharges to five recharge basins and the STP discharge
to the Peconic River are subject to the conditions of the SPDES Permit No. NY-
000-5835, authorized by the NYSDEC. Monthly reports are submitted to both the
NYSDEC and the SCDHS which provide detailed analytical results and performance
information regarding the operational activities at the STP. These data indicate
a general compliance rate of greater than 99% for all parameters monitored.
Monitoring data are presented in detail for this discharge point in Appendix D,
Tables 13 - 16. Specific instances of noncompliance during 1990 include five
occurrences of suspended solids in excess of the SPDES permit limit and one
instance where total coliform was measured above the SPDES discharge limit. The
increase in suspended solids is believed to be due to the liming process which
was initiated to correct the drop in pH as the water passes through the sand
filter beds.

The SCDHS collects samples several times per year from the STP and conducts
inspections of this facility on a quarterly basis for the NYS SPDES program. The
analytical results of those samples collected during 1990 have been within
limits. The DHS inspections have typically rated the STP as satisfactory.
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As part of the SPDES renewal process, BNL collected samples from recharge
basins for organic analyses. The results, which were submitted to NYSDEC in
February, 1990 observed the presence of TCA in Recharge Basin HP (Outfall 004).
As part of their compliance verification process, NYSDEC collected samples from
all outfalls at BNL on March 13, 1990. Analytical results for their samples
indicated the presence of TCA at Outfall 004 at 20 pg/L and iron at the WTP
recharge basin (Outfall 007) at 4 mg/L which resulted in the issuance of a NOV
issued by NYSDEC on May 17, 1990. The source of TCA at Outfall 004 was
identified as ground water obtained from supply wells for the MRR; their use was
discontinued immediately. The elevated iron concentration at Outfall 007 is the
result of backwash discharged from the WIP. Monitoring requirements for iron
will be incorporated into the renewed SPDES permit for Outfall 007. Brookhaven
National Laboratory is developing a program to evaluate the impact of this
discharge on the ambient ground water in the vicinity of the WTP in accordance
with a request from NYSDEC. In addition, TCA was detected at a concentration of
39 in a sample collected by NYSDEC at Outfall 001. As a result, BNL commenced
collection of a monthly grab sample for TCA analyses at Outfall 001; the results
are included on the monthly discharge monitoring report.

At the recharge basins, flow and pH are the parameters that must be
monitored under the conditions of the BNL SPDES permit. In addition, as part of
the routine environmental monitoring program, water discharged to these basins
monitored for water quality, metals, and radioactivity. The analytical results
for samples collected from these basins are presented in Appendix D, Tables 7 -
19. These data indicate that except for pH and iron, the discharge to these
basins met both the SPDES permit conditions and NYS DWS for metals and other
water quality parameters. In addition, collection of grab samples from the
recharge basins for VOC analyses was initiated in 1990. Analytical results are
presented in Appendix D, Tables 19A and 19B. No VOCs were detected in the grab
samples with the exception of chloroform, which was found in concentrations
ranging from 2 to 5 ug/L. The NYS DWS for chloroform is 100 ug/L.

A number of buildings at BNL are still served by cesspools that discharge
to ground water. Although most of these pools receive only sanitary discharges,
the pools at twelve facilities, have the potential to receive industrial
discharges from sinks and work areas. The industrial discharges to these
cesspools are not in accordance with NYSDEC SPDES regulations and Articles 7 and
12 of the Suffolk County Sanitary Code.%?'%* Brookhaven National Laboratory had
a line item project which provided connections to the site sanitary system for
these facilities. This project was completed in 1990 and is discussed in more
detail in Section 7.1.2 of this report.

5.3.1 Upstream Monitoring of STP Influent and Automated Diversion Capability

As part of corrective actions resulting from a June, 1988 unplanned release
of radioactive materials into the sanitary system,*’ a monitoring system was
installed upstream of the STP that would provide advanced warning of liquid
effluent streams that may have the potential to exceed SPDES permit conditions
at the STP. The site selected was Manhole 192 which is located about 50 meters
down stream from the last point of entry into the sewer line system and about 1.8
km upstream from the STP. In 1989, a V-notched weir, pH and conductivity probes
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were installed and tested. In 1990, radioactive measurement capability was added
to the system. Also, telemetry of data was completed to both the STP and the
Chilled Water Facility. The system became fully operational in the first quarter
of 1990 with on-line monitoring of pH, conductivity, and gamma activity. If the
monitoring instrumentation detects liquid discharges that are outside the range
of conditions that are acceptable for release under the SPDES permit, an alarm
is actuated both locally and at a constantly manned console at the Chilled Waters
Facility. This early warning provides about one hour of response time prior to
the material reaching the STP. The second action that was completed in 1990
relating to the June, 1988 incident was the installation of automated diversion
capability at the STP. Prior to this time, diversion of STP effluent to one of
the two lined holding ponds required about 20 minutes of manual labor to initiate
the diversion. The installation of automated equipment eliminates the time
requirement to initiate diversion once the need is recognized.

5.4 Closure of Landfill

Brookhaven National Laboratory operated the current landfill under a permit
issued by the NYSDEC. This permit was up for renewal on April 30, 1988. 1In
order to initiate activity for the renewal of this permit, BNL requested a
meeting on February 17, 1988 with NYSDEC to discuss the proper course of action.
Since iron had been reported in concentrations in excess of the NYS DWS in wells
downgradient of the landfill and BNL was required to close its landfill in
December, 1990, NYSDEC decided that a Consent Order would be required for
continued use of the landfill instead of a permit renewal.

NYSDEC submitted a draft Consent Order to DOE-BHO for review in September,
1988. Between 1988 and 1990, several meetings occurred to discuss a variety of
issues associated with the Consent Order. The negotiating parties experienced
difficulties integrating the proposed Consent Order with the requirements of the
proposed IAG. Because of these difficulties, a revised Consent Order was not
received prior to the December, 1990 landfill closure date.

Brookhaven National Laboratory ceased accepting wastes into the on-site
landfill on December 18, 1990. Planning for this termination of operations began
when discussions were held with Brookhaven Town Officials in April, 1990. 1In
July, 1990, all BNL nonradiocactive, nonhazardous solid waste was taken to the
Town landfill as a test program to assess manpower and equipment requirements.

In November, 1990, the Laboratory’s long-term recycling program for
computer paper, waste oil, and metals was expanded to include white office paper
and cardboard. Efforts were also initiated to procure receptacles for use in the
BNL apartment area to begin metal and glass container recycling. While a
temporary vendor has been obtained for recycling of construction/demolition
debris, the Laboratory is continuing to explore permanent vendor sources. In
addition, asbestos waste will be removed by a licensed disposal firm under
existing task order agreements.

Nonradioactive, nonhazardous, nonrecyclable solid waste will be disposed
of at the Brookhaven Town Landfill as of December 19, 1990. The Laboratory had
obtained a verbal commitment on this agreement from the Solid Waste Commissioner
and is pursuing formalization of a five year agreement. Brookhaven National
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Laboratory will pay the same tipping fee as Town residents, which is currently
$45 per ton. The increased costs of disposal have been factored into Plant
Engineering’s FY 1991 operating budget.

5.5 National Emission Standards for Hazardous Air Pollutant Authorization
Applications

Brookhaven National Laboratory possessed seven NESHAPs authorizations for
facilities under construction or that have been built since 1985. In 1990, seven
additional facilities were reviewed for NESHAPs compliance as required by 40 CFR
61.94.32 These facilities were found to contribute site perimeter doses that
were substantially less than the 0.1 mrem/yr effective dosé equivalent that
requires formal authorization to construct or modify from EPA Region II. All
other facilities had construction dates which predate 1985. The site boundary
dose from all facilities as calculated using CAP88 for CY 1990 was 0.07 mrem
(0.0007 mSv). The collective dose over an 80 km radius was 1.33 person-rem
(0.013 person-Sv).

During 1990, several activities involving dispersable airborne radio-
nuclides were reviewed for NESHAPs compliance and were found to be exempt from
filing requirements. These include the evaporation of STP holding pond water;
the aquifer restoration project; sludge drying operation at Building 445; a
laboratory fume hood involving tritium in Building 318; Plasma Mass Spectroscopy
lab operation; pharmaceutical labeling process in Building 490; and fluorine-18
use at the PETT VI facility. A brief description of the source and documentation
that the dose does not exceed 0.1 mrem has been provided in the 1990 ann<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>