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Introduction

Brookhaven National Laboratory's (BNL) Environmental Management System includes a comprehensive groundwater protection program that relies primarily on pollution prevention -- using operational and engineered controls to prevent contamination from entering the groundwater.  Since BNL is situated over a sole source aquifer,  it is a priority for us to protect that resource.   For the past three years, BNL has been conducting a systematic and comprehensive approach to evaluating its active research and support facilities for potential to impact groundwater quality and implementing any necessary corrective actions.

The primary concern in the Collider-Accelerator Facility areas is the potential activation of soils used as shielding material near 23 accelerator beam stop and target areas.  Rainwater infiltrating these soils has the potential to leach tritium and sodium-22 into groundwater.  See the BNL website http://www.bnl.gov/esd/gw.htm for more details on groundwater protection programs at these facilities, or contact Drew Bennett (631-344-5517) or Doug Paquette (344-7046).

During 1999 and early 2000, BNL installed 58 new groundwater monitoring wells to evaluate groundwater quality near  the accelerator facilities.  This monitoring determined that tritium and sodium-22 concentrations are either nondetectable or well below standards at 19 of the 23 beam stop and target areas. As discussed with the Brookhaven Executive Roundtable and the Community Advisory Council, BNL determined that the remaining four areas had some impact on groundwater quality in the immediate area.  (Note: All four of these locations are associated with older facilities and experiments.  None were associated with the new RHIC facility.) 

The four locations where groundwater monitoring has detected tritium concentrations above drinking water standards are:

· g-2 Experiment

· former E-20 Catcher

· Brookhaven LINAC Isotope Producer

· former U-Line Beam Stop.

These locations are shown on the attached map. The drinking water standard for tritium is 20,000 pCi/L, and the drinking water standard for sodium-22 is 400 pCi/L.  Sodium-22 concentrations above the drinking water standard were only detected at the former E-20 Catcher.  These accelerator facility areas are located approximately two miles from the southern site boundary.  Due to natural dispersion and radioactive decay, future tritium and sodium-22 concentrations are not expected to be at detectable levels offsite.  No tritium or sodium-22 has been detected in the closest potable water supply wells.

BNL has been aggressive in implementing preventive and corrective actions at these locations to prevent further groundwater impacts. In addition, BNL has revised its design and maintenance procedures for new or modified beam stops and targets to prevent future groundwater impacts.  This update provides a status of these actions.

g-2 Experiment Area (http://www.bnl.gov/esd/g-2/g2.htm) 
The g-2 Experiment has operated since 1998. Before operation, an impermeable gunnite cap was constructed over the g-2 Beam Stop to prevent rainwater from leaching any radionuclides from activated soils.  In November 1999, elevated concentrations of tritium were detected in a monitoring well located downgradient of the g-2 target and beam stop area.  This discovery triggered a series of groundwater and facility investigations, and follow-up corrective actions.

Actions to Date:

· November – December 1999 -  Detailed groundwater characterization study.  The highest concentrations of tritium (up to 1.8 million pCi/L) and sodium-22 (up to 60 pCi/L) were detected in geoprobe samples collected approximately 70 feet downgradient of the g-2 area. 

· December 1999 - The source of the tritium and sodium-22 was found to be activated soil shielding surrounding the g-2 Experiment’s VQ12 magnet that is located close to the target building.  The original gunnite cap installed over the beam stop did not protect the activated soil area near VQ12.

· December 1999 - A gunnite cap was constructed over the activated soils near the VQ12 magnet. The operators also developed a protocol to retune the beam to limit additional soil activation. 

· March 2000 - Three additional wells were installed to verify the effectiveness of the cap.

· March 2000 - The tritium plume and activated soils were designated as Area of Concern 16T, and incorporated into the Laboratory’s Environmental Restoration program.

Recent monitoring indicates that the maximum tritium concentration detected downgradient of the VQ12 magnet area is now found in Well 054-07 (292,000 pCi/L).  Sodium-22 concentrations are below the drinking water standard.  The analytical results indicate that groundwater flow directions and the position of the tritium plume have shifted slightly more to the southeast, and the plume may now be below portions of Alternating Gradient Syncrotron, Building 912.

Path Forward:

· Continue to regularly inspect and maintain the cap system.

· Continue to conduct routine, long-term groundwater monitoring to verify that the operational (e.g., beam tuning) and engineered controls (e.g., cap) for the g-2 Experiment are effective.

· An Engineering Evaluation/Cost Assessment is scheduled to start in December 2000 to evaluate options for the long-term management of the g-2 tritium plume.  Additional remedial actions and installation of monitoring wells may occur following this assessment.

E-20 Catcher Area (http://www.bnl.gov/esd/docs/E20factsheetrev7.html)
The E-20 Beam Catcher is located at the E-super-period of the AGS ring and was used to capture protons that move out of acceptable pathways as they accelerate around the AGS.   E-20 operated from 1984-1999.  It was removed from service and replaced with a new catcher/beam stop, which  includes controls to prevent groundwater impacts.

In January 2000, elevated concentrations of tritium and sodium-22 (40,400 pCi/L and 704 pCi/L, respectively) were detected downgradient of the former E-20 Catcher.  Corrective actions included capping of the activated soils to prevent further groundwater impacts and improved groundwater monitoring.

Actions to Date:

· Spring 2000 -  A temporary cap was installed as an interim means to prevent further leaching of tritium and sodium-22.

· October 2000 -  A permanent gunnite cap was placed over the former E-20  as a permanent means to prevent further leaching of tritium and sodium-22.

· November 2000 - Additional monitoring wells are being installed to verify that operational and engineered controls of this area are effective.

In October 2000, tritium and sodium-22 concentrations had decreased to 2,410 pCi/L and 77 pCi/L, respectively.

Path Forward:

· Continue to conduct routine, long-term groundwater monitoring to confirm that the engineered controls are effective and that the small release of tritium and sodium-22 to the aquifer continues to quickly dissipate.

· Continue to inspect and maintain the cap system.

Brookhaven Linear Accelerator Isotope Producer (BLIP) 

BLIP has operated since 1972, producing radioisotopes for medical research and clinical use.  In February 1998, elevated concentrations of tritium and sodium-22 were detected downgradient of BLIP.  This discovery triggered a series of aggressive and innovative corrective actions.

Actions to Date:

· 1998 - Detailed groundwater characterization study.  The highest tritium and sodium-22 concentrations (52,000 pCi/L and 151 pCi/L, respectively) were detected in wells installed approximately 20 feet downgradient of the BLIP.

· 1998 - Repaired roof drains, sealed pavement, and constructed gunnite cap over the target area to prevent infiltration of rainwater. These actions prevent rainwater from entering the soil and moving contaminants into the groundwater.

· March 1999 - Enhancements to the groundwater-monitoring program used to verify that the operational and engineered controls of the source area are effective.

· May through June 2000 - Injected silica grout into the area of activated soil. This grout is designed to solidify and “lock” contaminants in place so they cannot migrate into the groundwater.  This process was performed as an innovative technology demonstration project. (http://www.dne.bnl.gov/ewtc/blip.htm)
According to the groundwater monitoring data, the actions taken to date have been highly effective in eliminating this source of groundwater contamination.  One exception is the recent silica grout injection project.  Recent data on groundwater and soil collected during and after the grout injection indicate that the grouting displaced soil pore water contaminated with tritium into the groundwater. This limited tritium release is expected to be a one-time event and to dissipate quickly in the aquifer.  This information is being used to improve this innovative grouting technology.  
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Path Forward:

· Conduct routine, long-term groundwater monitoring to verify that the engineered controls are effective and that the small release of tritium that resulted from the grout injection process quickly dissipates in the aquifer as expected.

· Continue to inspect and maintain the cap system.

· Conduct additional tests on the process for silica grout injection in an effort to improve this technology.

Former U-Line Beam Stop Area (http://www.bnl.gov/esd/docs/U-line_rev8.pdf)

The U-Line Beam Stop operated from 1973 through 1986 as part of the AGS Fast Neutrino Beam experiments.  Although the U-Line Beam Stop has not been in operation since 1986, the activated iron and soil shielding of the stop have remained in place.

In April 2000, elevated concentrations of tritium (up to 48,100 pCi/L) were detected in temporary wells installed downgradient of the former U-Line stop.  Sodium-22 was not detected in any of the samples. The discovery of tritium at concentrations above the drinking water standard led to the installation of a temporary cap over the activated soils to prevent further groundwater impacts.

Actions to Date:

· Spring 2000 -  A temporary cap was installed as an interim means to prevent further leaching of tritium.

· October 2000 -  A permanent gunnite/geomembrane cap was placed over the former U-Line stop as a permanent means to prevent further leaching of tritium.

· November 2000 -  Permanent monitoring wells are being installed.

Path Forward:

· Conduct routine, long-term groundwater monitoring to confirm the effectiveness of the cap.

· Continue to inspect and maintain the cap system.

Protecting Long Island’s groundwater continues to be a top priority at Brookhaven National Laboratory. The Laboratory maintains a program to monitor groundwater quality and rapidly address any problems that may arise.  The local groundwater impacts in the AGS area were identified and aggressively addressed as part of this program.     The Laboratory continues to work hard to control or eliminate potential sources of groundwater contamination. 
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