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OU III, AOC 32  
Building 452 Freon-11 Plume Remediation System 

Project Work Plan and Design Report 
 
 
 
 
1.0  Background 
 
From April to early August 2011, BNL characterized  the vertical and horizontal extent of Freon-
11 (Trichlorofluoromethane) in the groundwater in  the vicinity of Building 452.  The Freon-11 
plume was found to extend from Building 452 approxi mately 600 feet to the south.  The highest 
concentration of Freon-11 detected in the plume was 36,000 m icrograms per liter (µg/L).  Th e 
New York State Am bient Water Quality Standard (NYS AWQS) for Freon-11 is 5 µg/L.  The 
regulatory agencies hav e agreed with DOE’s recommendation to prepare an Explanation of  
Significant Differences (ESD) under the Operable  Unit (OU) III Record of Decision (ROD) t o 
conduct the rem ediation of the Freon-11 contam ination.  BNL is currently in the process of 
installing a groundwater treatment system to remediate the Freon-11 plume.  A new groundwater 
extraction well has been installed approxim ately 250 feet downgradient of Building 452 to 
capture the high concentration portion of th e Freon-11 plum e.  Th e existing Building 9 6 
extraction well RTW-1 will be used to remediate the southern, lower concentration portion of the 
Freon-11 plume. 
 
 
2.0  Plume Characterization 

Starting in December 2010, Freon-11 began to be routinely detected in extraction well RTW-1 at 
concentrations greater than the m inimum detection limit (MDL) of 0.5 µg /L.  In January 2011, 
Freon-11 concentrations in RTW-1 reached 4.6 µg/L.  The NYS AWQS for Freon-11 is 5 µg/L.  
Extraction well RTW -1 is used to rem ediate the northern portion of the Form er Building 96 
Tetrachloroethylene (PCE) plume.  In early April 2011, BNL received analytical data indicating 
Freon-11 concentrations of 46 µg/L in a newl y installed shallow ground water monitoring well 
085-378 (B96-MW02-2010) located in the northern (upgradient)  portion of the Former Building 
96 area (AOC 26B).  In accord ance with BN L’s Groundwater Contingency Plan, BNL 
immediately re-sampled well 085-378, and conf irmed the presence of Freon-11 in the 
groundwater at concentrations  exceeding the NYS AWQ S (Figures 1 and 2).  BNL also 
evaluated the potential use of other nearby wells to help determ ine the source and extent of the 
Freon-11 contamination.  The direction of groundwater flow in the area is to the south-southeast.  
The closest upgradient facility is Building 452, a site maintenance facility where compressor oils 
and refrigerants from decommissioned air co nditioning units are recovered prior to r ecycling.  
Additionally, BNL maintained an inventory of refrigerant gasses (including Freon-11) in a trailer 
located 30 feet to the east of Building 452.  To evaluate groundwater quality in the Building 452 
area, shallow monitoring well 085-73 was sampled on April 7, 2011.  Well 085-73 was originally 
installed as part of the HFBR tritiu m plume investigation, and is located approximately 100 feet 
downgradient of Building 452.  Freon-11 was dete cted in the sam ple from well 085-73 at a 
concentration of 4,000 µg/L.   
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Following the detection of high levels of  Freon-11 in well 085- 73, BNL conducted an 
investigation to determine the source of the Freon-11 contamination and characterize the vertical 
and horizontal extent of  this compound in the groundwater.  From  April through early August 
2011, 42 temporary groundwater mon itoring wells were installed in a series of east-west 
transects (Figure 1; Table 1).  Approximately 350 groundwater samples were collected from the 
temporary wells.  Analytica l results for the temporary wells are provided in Appendix A.  As 
described below, a plum e of Freon-11 was found to extend from  the Building 452 area  
approximately 600 feet downgradient to Former Building 96 groundwater treatment well RTW-1 
(Figure 1).  Based upon the length of  the plum e, groundwater flow  rates at B NL, and low 
retardation rates for Freon-11 in groundwater, it is believed that a significant release of Freon-11 
occurred near Building 452 approximately two to three years ago. 

Table 1.  Temporary wells installed during the Building 452 Freon-11 plume characterization effort. 

Monitoring Area Temporary Wells Installed 
Upgradient GP-10, GP-11, GP-12, GP-13 
Storage Trailer Area GP-18, GP-19, GP-20 
Building 452 South Paved Area GP-06, GP-07, GP-08, GP-09, GP-14, GP-15, GP-16, GP-17 
Rowland Street GP-01, GP-02, GP-03, GP-04, GP-05, GP-21, GP-23, GP-24, GP-32 
Former Building 96 Foundation GP-34, GP-35, GP-36, GP-37, GP-38, GP-39, GP-40 
Southern Plume Area GP-25, GP-26, GP-27, GP-28, GP-29, GP-30, GP-31, GP-42, GP-43, GP-44 

Upgradient Area:  Four tem porary wells were installed immediately upgradient of Building 452 
and the adjacent refrigerant storag e trailer.  In the upgradient we lls, only a trace level of Freon-
11 was detected in one sam ple from well B452- GP-13, at an estim ated concentration of 0.45 
µg/L (detection limit is 0.5 µg/L). 

Storage Trailer Area:  Three te mporary wells were in stalled close to the ref rigerant storage 
trailer.  Two wells (B452-GP-18 and B452-GP-19) were in stalled in the paved area adjacent to 
the trailer where spills  may have occurr ed.  Fr eon-11 was detected in both wells in sam ples 
collected close to the wa ter table, with a m aximum concentration of 79 µg/L detected in B452-
GP-19.  Freon-11 was also detected at concentr ation of 31.8 µg/L in temporary well B452-GP-
20, which was installed adjacent to a side wall vent on the north side of the storage trailer.   

Building 452 South Paved Area:  Eight tem porary wells were installed in the pav ed work area 
immediately downgradient of Building 452 and downgrad ient of the refrigerant  storage trailer.  
Freon-11 was detec ted in all eight wells, with th e highest Freon-11 concen trations detected in  
samples collected close to the water table (Figure 2).  Four of the temporary wells had Freon-11 
concentrations above 1,000 µg/L, with a m aximum concentration of 4,160 µg/L detected in 
B452-GP-17, which is located immediately dow ngradient of Building 452.  Freon-11 
concentrations up to 1,880 µg/L we re detected in B452-GP-08, which is located approxim ately 
75 feet downgradient of the refrigerant storage trailer.  Although a numb er of other VOCs were 
detected in groundwater sam ples (e.g., chloroform, methyl chloride, and carbon tetrachloride), 
they were prim arily detected at con centrations that were below their ap plicable NYS AWQS.  
Methyl chloride was detected in one sample from temporary well B452-GP-06 at a concentration 
8 µg/L and methylene chloride was detected in one sample from B452-GP-16 at a concentration 
of 37.3 µg/L.  The NYS AWQS for both compounds is 5 µg/L. 
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Rowland Street Area:  The highest Freon-11 concentrations detected in the plume were found in 
temporary wells installed along Rowland Street, which is approximately 100 feet downgradient 
of Building 452.  Freon-11 concentrations exc eeded the 5 µg/L NYS AWQS in all 10 wells 
installed along Rowland Street, with concentrations exceeding 30,000 µg/L in three of the wells; 
B452-GP-22 (30,800 µg/L), B452-GP-23 (31,500 µg /L) and B452-GP-01 (36,000 µg/L).  Along 
Rowland Street, the plume was found to be approximately 300 feet wide, and the highest Freon-
11 concentrations were detected approximately 10-15 feet below the w ater table.  As with the  
temporary wells installed immediately downgrad ient of Building 452, a num ber of other VOCs 
were detected in groundwater  samples (e.g., chloroform, m ethyl chloride, and carbon 
tetrachloride).  Although m ost of these compounds were detected at concentrations that were 
below their applicable NYS AWQS, 1,2,4-trim ethylbenzene was detected in several sam ples 
from temporary well B452-GP-04, at a m aximum concentration 7.8 µg/L.  The NYS AWQS for  
this compound is 5 µg/L. 

Former Building 96 Foundation Area:  Freon-11 concentrations exceeded the NYS AWQS in 
five of the seven wells installed along an east-west transect approximately 100 feet downgradient 
of Rowland Street.  Freon-11 concentrations exceeded 5,000 µg/L in two wells; B452-GP-36 
(3,340 µg/L) and B452-GP-37 (7,310 µg/L).  Alt hough a number of other VOCs we re detected 
in groundwater samples (e.g., chloroform, methyl chloride, and carbon tetrachloride), they were 
detected at concentrations that were below their applicable NYS AWQS. 

Southern Plume Area:  Lower levels of Freon-11 were detected in the area between  the former 
Building 96 foundation and Building 96 groundwater  extraction well RTW-1 (AOC 26B), which 
is used to rem ediate the northern portion of the form er Building 96 PCE plume.  In the 10 
temporary wells installed in this area, Freon-11 concentrations exceeded the 5 µg/L NYS AWQS 
in four wells, with a maxim um concentration of 150 µg/L detected in well B452-GP-27.  In 
addition to Freon-11, PCE was det ected in eight of  the temporary wells, at concentrations up to 
994 µg/L, and 1,1,1-trichloroethane (TCA) was detect ed in five wells at concentrations up to 
23.5 µg/L.  The PCE and TCA contam ination originates from the former Building 96 spill area 
(which was excavated in 2010), and is being re mediated by extraction well RTW -1.  Freon-11 
was first detected in extracti on well RTW -1 at concentrations above the 0.5 µg/L MDL in 
December 2010.  Since that tim e, the highest level of Freon-11 in RTW-1 was observed in June 
2011 at a concentration of 8.1 µg/L. 
 
 
3.0  Source of the Freon-11 Contamination 
 
Freon-11 has been used at BNL for many years in large (>200 ton) centrifugal chiller units. Until 
recently, BNL maintained an inventory of Freon-11 in a storage trailer located at Building 45 2.  
Freon-11 has a boilin g point of 74.8 degrees Fahren heit.  Therefore, if released to the 
environment when atmospheric temperatures are below this point, this compound will be in th e 
form of a li quid.  As de scribed above, in th e areas immediately downgradient of Building 452, 
Freon-11 is detected in high levels in the groundwater close to the water table.  This suggests that 
the Freon-11 entered the groundw ater in the imm ediate vicinity of Building 452.  Although the 
apparent cause of the release of Freon-11 was improper handling and/or storage practices, the 
exact locations and volum es of the releases could not be determ ined during the groundwater 
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investigation.  BNL is currently planning on collecting soil samples in the Building 452 area in 
an effort to identify the source of the release(s) and determine the amount of Freon-11 that might 
be present in the soils above the water table. 
 
 
4.0  Regulatory Approach 
 
Since April 2011, DOE and BSA ha ve had routine communications with the regulatory agencies 
regarding the efforts to characterize the plum e, and more recently about plans to rem ediate the 
impacted groundwater.  In accordance with S ection X.D of the FFA, in October 2011 DOE 
recommended to the regulators that the Bu ilding 452 Freon-11 Source Area and Groundwater 
Plume be identified as AOC 32 (Holland, 2011).  This new plume is within the boundaries of OU 
III and DOE recommended that remediation of this AOC be performed as an ESD to t he OU III 
ROD.  Active rem ediation of this plum e is necessary in order to ensure that the O U III ROD 
cleanup goals of achieving drinking water standards in the U pper Glacial aquifer in 30 years or 
less (by 2030) and preventing or minimizing further migration of VOCs in the aquifer are m et.  
In November 2011, the EPA and NYSDEC c oncurred with this approach (Mollin, 2011; Ng, 
2011). 
 
 
5.0  Groundwater Treatment and Monitoring System Design 
 
The physical location of  the Freon-11 plum e is between Building 452 and form er Building 96 
extraction RTW-1, and is fully contained with in the boundaries  of OU III.  The perform ance 
goals for treatment of the Freon-11 plume will be identical to the c leanup goals specified in the 
OU III ROD (i.e., pre vent or m inimize further m igration of VOCs and reach d rinking water 
standards in the Upper Glacial aquifer in 30 years or less).   Groundwater m odeling results 
indicate that with the ad dition of a new extraction well and the contin ued operation of RTW -1, 
the Freon-11 plume can be succes sfully remediated within approxim ately two to five years 
assuming that th e source is con trolled/eliminated (see Appendix B for the m odeling report).  
Therefore, neither the existing OU III cleanup goals nor performance period would be modified. 
 

The groundwater m odeling results indicated that the Freon-11 pl ume can be m ost effectively 
remediated using a combination of a ne w extraction well (desig nated EW-18) installed 
approximately 350 feet downgradient of Building 452 (see Figure 3) and the planned ongoing 
operation of Building 96 extraction well RTW-1.  Extraction well EW -18 would be used to 
aggressively remediate the areas of the plum e with the highest levels of Freon-11, while 
extraction well RTW-1 would remediate the lower concentration (southern) parts of the plum e 
that cannot be captured by EW -18.  The design drawings for the Freon-11 treatm ent system are 
provided in Appendix C.  These drawings provide detailed information for the installation and 
construction of the new extraction well, treatment system shed, air stripping tray, water pipeline, 
electrical supply, and c ommunications systems.  Extractio n well EW -18 will hav e a 5 HP 
electrical submersible pump capable of flow ra tes up to 120 gallons per m inute (gpm).  Based 
upon the model resu lts, the initial extraction rate  for EW-18 will be set at 75 gpm  and RTW-1 
will be maintained at its current rate of 30 gpm.  Following system startup, BNL will determine 
whether modifications to the pum ping rates of EW-18 and RTW -1 will be  required.  The 
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extracted groundwater from  EW-18 will be pipe d approximately 350 feet south to a newly  
installed treatment shed, which is  located c lose to RTW -1 (Figure 4).  The contam inated 
groundwater will be treated with an  air stripper tray system  located in the new shed (Figure 5).   
The treated groundwater will be di scharged into the existing buried treated water lin e used for 
RTW-1, and the combined effluent will be discharged into a stormwater water culvert that leads 
to BNL recharge basin HS.  BNL will subm it a new SPDES equivalency permit application for 
the Building 452 Freon-11 treatm ent system, and a request to modify the existing Building 96 
SPDES equivalency permit to include the reporting of Freon-11 in the di scharge.  Following the 
construction of the treatment system, BNL will prepare an Operations and Maintenance (O&M) 
Manual that will contain as built drawings, start-up and operation, maintenance, and system shut-
down/exit strategies. 

 
A preliminary review of the potential atm ospheric emissions using th e New Yor k State air 
emissions modeling (DAR-1) process shows that th e release of Freon-11 from this system will 
not pose short-term  or long-term  impacts ( Appendix D).  For this p reliminary air em issions 
assessment, it was assumed that the Freon-11 concentrations in the extracted groundwater would 
be 36,000 µg/L (i.e., the worst case scenario based upon highest Freon-11 concentration detected 
in the temporary wells).  At this concentra tion, the maximum annual impact was determ ined to 
be 111 µg/m3 (Annual Guidance C oncentration = 1,000 µg/m 3), and the short-term im pact was 
7,215 µg/m3 (Short-term Guidance Concentration = 68,000 µg/m 3).  It is expected tha t the initial 
Freon-11 concentrations in extr acted groundwater will be signi ficantly less th an 36,000 µg/L, 
and that the influent concentrations will decrease with time.  A f inal emissions assessment will 
be provided in the NYSDEC Air Discharge P ermit application for the Building 452 Freon-11 
treatment system. 
 

A new groundwater m onitoring well network h as been ins talled to m onitor the Building 452  
source area and to evaluate the e ffectiveness of the cleanup actions ( Figure 3, Table 2).  The 
wells were installed in S eptember 2011, and the fi rst set of groundwater sa mples were collected 
in early Novem ber 2011.  During 2012, the monito ring wells will be sam pled on a quarterly 
basis.  During the November sam ple period, the highest level of Freon- 11 was detected in new 
well 085-382 at a concentration of  38,800 µg/L ( Appendix E).  W ell 085-382 is positioned 
along Rowland Street, and is at the sam e location as temporary well B452-GP-22, which had 
Freon-11 concentrations up to 30,800 µg/L in June 2011.  
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Table 2: Building 452 Freon Plume Groundwater Extraction and Monitoring Wells 
 

New Well 
Temporary ID 

Permanent 
Well ID 

Screen Interval 
(MSL) 

Screen Interval 
(BGS) 

Objective 

 RTW-1 
095-151 

5’-15’ 48’-58’ Building 96 extraction well to 
capture low concentration segment 
of plume. 

B452-EW-18 EW-18 
085-389 

0’-10’ 55’-65’ Building 452 Freon-11 extraction 
well to capture high concentration 
segment of plume. 

 085-43 35’-45’ 21’-31’ Source area monitoring.   
 085-73 27’-32’ 35’-40’ Source area monitoring. 
B452-MW01 085-380 30’-50’ 22’-42’ Source area monitoring.  Installed 

at location of B452-GP-17. 
B452-MW02 085-381 30’-50’ 22’-42’ Source area monitoring.  Installed 

at location of B452-GP-08. 
B452-MW03 085-382 21’-36’ 30’-45’ Source area monitoring.  Installed 

at location of B452-GP-22. 
B452-MW04 085-383 21’-36’ 30’-45’ Source area monitoring.  Installed 

at location of B452-GP-01. 
B452-MW05 085-384 21’-36’ 30’-45’ Source area monitoring.  Installed 

between locations B452-GP-4 and 
B452-GP-05. 

B452-MW06 085-385 10’-25’ 40’-55’ Monitor high concentration 
segment of the plume west of EW-
18.  Installed at location of B452-
GP-36. 

B452-MW07 085-386 10’-25’ 40’-55’ Monitor low concentration 
segment of the plume west of EW-
18.  Installed at location of B452-
GP-37. 

B452-MW08 095-313 0’-15’ 45’-60’ Monitor low concentration 
segment of the plume northwest of 
RTW-1.  Installed at location of 
B452-GP-26. 

B452-MW09 085-387 0’-15’ 47’-62’ Monitor low concentration 
segment of the plume northwest of 
RTW-1.  Installed at location of 
B452-GP-27. 

B452-MW10 085-388 0’-15’ 50’-65’ Monitor low concentration 
segment of the plume northwest of 
RTW-1.  Installed at location of 
B452-GP-30. 

B452-MW11 095-314 0’- -20’ 60’-80’ Bypass Monitoring.  Installed at 
location of B452-GP-42. 

B452-MW12 095-315 0’- -20’ 60’-80’ Bypass Monitoring.  Installed at 
location of B452-GP-44. 

MSL = Relative to Mean Sea Level 
BGS = Below Ground Surface 
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Figure 4.  Installation of water, electrical and communications lines between extraction well EW-18 and the Freon-11 
groundwater treatment shed.   
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Figure 5.  Installation of the air stripper trays in the Freon-11 treatment shed. 

 
 



APPENDIX A 

Groundwater Investigation Sample Results 

   



Building 452 Freon‐11 Groundwater Investigation

VOCs Detected Above MDL

Site ID : B452‐GP‐1

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 5/12/2011 363 2.5 5 UG/L 24

Trichlorofluoromethane 5/12/2011 973 10 5 UG/L 28

Trichlorofluoromethane 5/12/2011 1930 25 5 UG/L 32

Trichlorofluoromethane 5/12/2011 36000 250 5 UG/L 36

Trichlorofluoromethane 5/12/2011 1850 25 5 UG/L 40

Trichlorofluoromethane 5/12/2011 196 2.5 5 UG/L 44

Chloroform 5/12/2011 0.15 0.5 7 UG/L 52 J

Site ID : B452‐GP2

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 4/27/2011 518 0.5 5 UG/L 28 E

Methylene chloride 4/27/2011 0.37 0.5 5 UG/L 28 J

Toluene 4/27/2011 0.16 0.5 5 UG/L 28 J

Methyl chloride 4/27/2011 0.36 0.5 5 UG/L 28 J

Chloroform 4/27/2011 0.26 0.5 7 UG/L 28 J

Methyl chloride 4/27/2011 0.3 0.5 5 UG/L 32 J

Methylene chloride 4/27/2011 0.26 0.5 5 UG/L 32 J

Trichlorofluoromethane 4/27/2011 1470 12.5 5 UG/L 32

Trichlorofluoromethane 4/27/2011 2190 25 5 UG/L 36

Methylene chloride 4/27/2011 0.4 0.5 5 UG/L 36 J

Chloroform 4/27/2011 0.22 0.5 7 UG/L 36 J

Methyl chloride 4/27/2011 0.51 0.5 5 UG/L 36

Chloroform 4/27/2011 0.3 0.5 7 UG/L 40 J

Trichlorofluoromethane 4/27/2011 3240 50 5 UG/L 40

Methylene chloride 4/27/2011 0.31 0.5 5 UG/L 44 J

Chloroform 4/27/2011 0.21 0.5 7 UG/L 44 J

Trichlorofluoromethane 4/27/2011 71.1 0.5 5 UG/L 44

Methylene chloride 4/27/2011 0.38 0.5 5 UG/L 48 J

Methyl chloride 4/27/2011 0.29 0.5 5 UG/L 48 J

Chloroform 4/27/2011 0.13 0.5 7 UG/L 48 J

Chloroform 4/27/2011 0.2 0.5 7 UG/L 52 J

Methylene chloride 4/27/2011 0.36 0.5 5 UG/L 52 J

Toluene 4/27/2011 0.13 0.5 5 UG/L 52 J

Trichlorofluoromethane 4/27/2011 0.63 0.5 5 UG/L 52

Methyl chloride 4/27/2011 0.2 0.5 5 UG/L 52 J

Methyl chloride 4/26/2011 0.24 0.5 5 UG/L 56 J

Chloroform 4/26/2011 0.14 0.5 7 UG/L 56 J

Methylene chloride 4/26/2011 0.39 0.5 5 UG/L 56 J

Methylene chloride 4/26/2011 0.5 0.5 5 UG/L 60

Methyl chloride 4/26/2011 0.3 0.5 5 UG/L 60 J

Methylene chloride 4/26/2011 0.6 0.5 5 UG/L 64



Building 452 Freon‐11 Groundwater Investigation

VOCs Detected Above MDL

Site ID : B452‐GP3

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 4/26/2011 430 0.5 5 UG/L 24 E

Methyl chloride 4/26/2011 0.24 0.5 5 UG/L 24 BJ

Toluene 4/26/2011 0.11 0.5 5 UG/L 24 J

Benzene 4/26/2011 0.12 0.5 1 UG/L 24 J

Methyl chloride 4/26/2011 0.21 0.5 5 UG/L 28 BJ

Trichlorofluoromethane 4/26/2011 730 5 5 UG/L 28

Trichlorofluoromethane 4/26/2011 1610 12.5 5 UG/L 32

Carbon tetrachloride 4/26/2011 0.19 0.5 5 UG/L 32 J

Trichlorofluoromethane 4/26/2011 5360 50 5 UG/L 36

Chloroform 4/26/2011 0.34 0.5 7 UG/L 36 J

Methyl chloride 4/26/2011 0.33 0.5 5 UG/L 36 BJ

Methylene chloride 4/26/2011 25.8 2.5 5 UG/L 40 B

Trichlorofluoromethane 4/26/2011 217 2.5 5 UG/L 40

Trichlorofluoromethane 4/26/2011 90.6 0.5 5 UG/L 44

Methyl chloride 4/26/2011 0.22 0.5 5 UG/L 44 BJ

Chloroform 4/26/2011 0.18 0.5 7 UG/L 48 J

Chloroform 4/26/2011 0.17 0.5 7 UG/L 52 J

Methyl chloride 4/26/2011 0.26 0.5 5 UG/L 52 BJ

Methyl chloride 4/25/2011 0.27 0.5 5 UG/L 60 BJ

Methyl chloride 4/25/2011 0.3 0.5 5 UG/L 64 BJ

Methylene chloride 4/25/2011 0.36 0.5 5 UG/L 64 J

Site ID : B452‐GP4

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 4/28/2011 304 2.5 5 UG/L 24

Trichlorofluoromethane 4/28/2011 893 10 5 UG/L 28

Benzene, 1,2,4‐trimethyl 4/28/2011 7.8 10 5 UG/L 28 J

Trichlorofluoromethane 4/28/2011 936 10 5 UG/L 32

m/p xylene 4/28/2011 2.2 10 5 UG/L 36 J

Trichlorofluoromethane 4/28/2011 1510 10 5 UG/L 36

Benzene, 1,2,4‐trimethyl 4/28/2011 6.6 10 5 UG/L 36 J

Trichlorofluoromethane 4/28/2011 912 10 5 UG/L 40

Methylene chloride 4/28/2011 0.33 0.5 5 UG/L 44 J

Trichlorofluoromethane 4/28/2011 1.76 0.5 5 UG/L 44

Trichlorofluoromethane 4/28/2011 1.27 0.5 5 UG/L 48

Methylene chloride 4/28/2011 0.31 0.5 5 UG/L 48 J

Chloroform 4/28/2011 0.28 0.5 7 UG/L 48 J

Methyl chloride 4/28/2011 0.24 0.5 5 UG/L 48 J

Methylene chloride 4/28/2011 0.35 0.5 5 UG/L 52 J

Methyl chloride 4/28/2011 0.33 0.5 5 UG/L 52 J
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Chloroform 4/28/2011 0.23 0.5 7 UG/L 52 J

Chloroform 4/28/2011 0.15 0.5 7 UG/L 56 J

Methylene chloride 4/28/2011 0.34 0.5 5 UG/L 56 J

Methyl chloride 4/28/2011 0.23 0.5 5 UG/L 56 J

Methyl chloride 4/28/2011 0.24 0.5 5 UG/L 64 J

Methylene chloride 4/28/2011 0.31 0.5 5 UG/L 64 J

Site ID : B452‐GP‐5

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Chloroform 5/12/2011 1.79 0.5 7 UG/L 24

Trichlorofluoromethane 5/12/2011 14.2 0.5 5 UG/L 24

Trichlorofluoromethane 5/12/2011 59.4 0.5 5 UG/L 28

Chloroform 5/12/2011 2.55 0.5 7 UG/L 28

Trichlorofluoromethane 5/12/2011 526 5 5 UG/L 32

Chloroform 5/12/2011 1.3 5 7 UG/L 32 J

Trichlorofluoromethane 5/12/2011 113 1 5 UG/L 36

Trichlorofluoromethane 5/12/2011 4.09 0.5 5 UG/L 40

Trichlorofluoromethane 5/12/2011 25.4 0.5 5 UG/L 44

Chloroform 5/12/2011 0.3 0.5 7 UG/L 44 J

Chloroform 5/12/2011 0.32 0.5 7 UG/L 52 J

Site ID : B452‐GP‐6

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 5/11/2011 2380 25 5 UG/L 32

Methylene chloride 5/11/2011 8.05 2.5 5 UG/L 40 B

Trichlorofluoromethane 5/11/2011 358 2.5 5 UG/L 40

Chloroform 5/11/2011 1.4 2.5 7 UG/L 40 J

Trichlorofluoromethane 5/11/2011 0.42 0.5 5 UG/L 44 J

Chloroform 5/11/2011 0.5 0.5 7 UG/L 44

Chloroform 5/11/2011 0.29 0.5 7 UG/L 48 J

Site ID : B452‐GP‐7

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 5/10/2011 951 5 5 UG/L 32

Trichlorofluoromethane 5/10/2011 420 5 5 UG/L 36

Chloroform 5/10/2011 0.36 1 7 UG/L 40 J

Methyl chloride 5/10/2011 0.42 1 5 UG/L 40 J

Trichlorofluoromethane 5/10/2011 140 1 5 UG/L 40

Chloroform 5/10/2011 0.56 0.5 7 UG/L 44

Methyl chloride 5/10/2011 0.26 0.5 5 UG/L 44 J

Trichlorofluoromethane 5/10/2011 50.5 0.5 5 UG/L 44

Chloroform 5/10/2011 0.37 0.5 7 UG/L 48 J
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Site ID : B452‐GP‐8

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 5/11/2011 1880 25 5 UG/L 32

Trichlorofluoromethane 5/11/2011 1290 10 5 UG/L 36

Trichlorofluoromethane 5/11/2011 584 5 5 UG/L 40

Methyl chloride 5/11/2011 0.38 0.5 5 UG/L 44 J

Chloroform 5/11/2011 1 5 7 UG/L 44 J

Trichlorofluoromethane 5/11/2011 373 5 5 UG/L 44

Chloroform 5/11/2011 1.09 0.5 7 UG/L 48

Methyl chloride 5/11/2011 0.39 0.5 5 UG/L 48 J

Methyl chloride 5/11/2011 1.33 0.5 5 UG/L 56

Site ID : B452‐GP‐9

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Methylene chloride 5/9/2011 3.5 5 5 UG/L 32 BJ

Trichlorofluoromethane 5/9/2011 779 5 5 UG/L 32

Methylene chloride 5/9/2011 3.4 5 5 UG/L 36 BJ

Trichlorofluoromethane 5/9/2011 665 5 5 UG/L 36

Methylene chloride 5/9/2011 0.58 1 5 UG/L 40 BJ

Trichlorofluoromethane 5/9/2011 142 1 5 UG/L 40

Chloroform 5/9/2011 0.54 1 7 UG/L 40 J

Chloroform 5/9/2011 0.46 0.5 7 UG/L 44 J

Chloroform 5/9/2011 0.49 0.5 7 UG/L 48 J

Chloroform 5/9/2011 0.24 0.5 7 UG/L 56 J

Methylene chloride 5/9/2011 0.44 0.5 5 UG/L 56 BJ

Site ID : B452‐GP‐10

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Chloroform 5/13/2011 0.11 0.5 7 UG/L 32 J

Site ID : B452‐GP11

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Methyl chloride 4/29/2011 0.21 0.5 5 UG/L 32 J

Methyl chloride 4/29/2011 0.34 0.5 5 UG/L 36 J

Methyl chloride 4/29/2011 0.25 0.5 5 UG/L 40 J

Benzene, 1,2,4‐trimethyl 4/29/2011 0.11 0.5 5 UG/L 40 J

Benzene, 1,2,4‐trimethyl 4/29/2011 0.1 0.5 5 UG/L 60 J

Site ID : B452‐GP‐12

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Chloroform 5/13/2011 1.08 0.5 7 UG/L 32

Chloroform 5/13/2011 0.49 0.5 7 UG/L 40 J
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Site ID : B452‐GP‐13

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 7/14/2011 0.38 0.5 5 UG/L 32 J

Site ID : B452‐GP‐14

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 6/24/2011 12.4 0.5 5 UG/L 32

Trichlorofluoromethane 6/24/2011 1.62 0.5 5 UG/L 36

Chloroform 6/24/2011 0.2 0.5 7 UG/L 36 J

Trichlorofluoromethane 6/24/2011 6.1 0.5 5 UG/L 40

Chloroform 6/24/2011 0.18 0.5 7 UG/L 40 J

Trichlorofluoromethane 6/24/2011 8.05 0.5 5 UG/L 44

Site ID : B452‐GP‐15

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 6/23/2011 141 1 5 UG/L 32

Chloroform 6/23/2011 0.21 0.5 7 UG/L 36 J

Trichlorofluoromethane 6/23/2011 51 0.5 5 UG/L 36

Chloroform 6/23/2011 0.22 0.5 7 UG/L 40 J

Site ID : B452‐GP‐16

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Methylene chloride 6/15/2011 37.3 12.5 5 UG/L 32

Trichlorofluoromethane 6/15/2011 1390 12.5 5 UG/L 32

Trichlorofluoromethane 6/15/2011 338 2.5 5 UG/L 36

Trichlorofluoromethane 6/15/2011 8.51 0.5 5 UG/L 40

Trichlorofluoromethane 6/15/2011 9.04 0.5 5 UG/L 44

Chloroform 6/15/2011 0.24 0.5 7 UG/L 44 J

Chloroform 6/15/2011 0.3 0.5 7 UG/L 48 J

Site ID : B452‐GP‐17

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 6/14/2011 4160 50 5 UG/L 32

Carbon tetrachloride 6/14/2011 0.71 0.5 5 UG/L 32

Chloroform 6/14/2011 0.27 0.5 7 UG/L 32 J

Trichlorofluoromethane 6/14/2011 2460 25 5 UG/L 36

Chloroform 6/14/2011 0.48 0.5 7 UG/L 36 J

Trichlorofluoromethane 6/14/2011 253 2.5 5 UG/L 40

Methyl chloride 6/14/2011 0.4 0.5 5 UG/L 44 J

Methylene chloride 6/14/2011 0.78 0.5 5 UG/L 44

Trichlorofluoromethane 6/14/2011 3.55 0.5 5 UG/L 44

1,2,3‐Trichlorobenzene 6/14/2011 0.22 0.5 5 UG/L 48 BJ

Methyl chloride 6/14/2011 0.36 0.5 5 UG/L 56 J
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Site ID : B452‐GP‐18

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 6/16/2011 39.4 0.5 5 UG/L 32

Chloroform 6/16/2011 0.4 0.5 7 UG/L 32 J

Trichlorofluoromethane 6/16/2011 3.34 0.5 5 UG/L 36

Chloroform 6/16/2011 0.57 0.5 7 UG/L 36

Chloroform 6/16/2011 0.55 0.5 7 UG/L 40

Chloroform 6/16/2011 0.25 0.5 7 UG/L 44 J

Site ID : B452‐GP‐19

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Chloroform 6/16/2011 0.27 0.5 7 UG/L 32 J

Trichlorofluoromethane 6/16/2011 79.4 0.5 5 UG/L 32

Chloroform 6/16/2011 0.38 0.5 7 UG/L 36 J

Chloroform 6/16/2011 0.36 0.5 7 UG/L 40 J

Chloroform 6/16/2011 0.41 0.5 7 UG/L 44 J

Site ID : B452‐GP‐20

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Chloroform 6/17/2011 0.59 0.5 7 UG/L 32

m/p xylene 6/17/2011 0.14 0.5 5 UG/L 32 J

Toluene 6/17/2011 0.33 0.5 5 UG/L 32 J

Trichlorofluoromethane 6/17/2011 31.8 0.5 5 UG/L 32

Chloroform 6/17/2011 1.94 0.5 7 UG/L 36

Trichlorofluoromethane 6/17/2011 27.2 0.5 5 UG/L 36

Chloroform 6/17/2011 0.7 0.5 7 UG/L 40

Chloroform 6/17/2011 0.48 0.5 7 UG/L 44 J

Site ID : B452‐GP‐21

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 6/16/2011 39.4 0.5 5 UG/L 32

Chloroform 6/16/2011 0.4 0.5 7 UG/L 32 J

Chloroform 6/16/2011 0.57 0.5 7 UG/L 36

Trichlorofluoromethane 6/16/2011 3.34 0.5 5 UG/L 36

Chloroform 6/16/2011 0.55 0.5 7 UG/L 40

Chloroform 6/16/2011 0.25 0.5 7 UG/L 44 J

Site ID : B452‐GP‐21 (re‐

install)

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Chloroform 6/20/2011 0.2 0.5 7 UG/L 28 J

Trichlorofluoromethane 6/20/2011 4.13 0.5 5 UG/L 28

Trichlorofluoromethane 6/20/2011 5.06 0.5 5 UG/L 32

Chloroform 6/20/2011 0.12 0.5 7 UG/L 32 J
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Trichlorofluoromethane 6/20/2011 35.7 0.5 5 UG/L 36

Chloroform 6/20/2011 0.16 0.5 7 UG/L 36 J

Trichlorofluoromethane 6/20/2011 294 5 5 UG/L 40

Chloroform 6/20/2011 0.15 0.5 7 UG/L 40 J

Trichlorofluoromethane 6/20/2011 123 2.5 5 UG/L 44

Chloroform 6/20/2011 0.22 0.5 7 UG/L 44 J

Trichlorofluoromethane 6/20/2011 14.8 0.5 5 UG/L 48

Chloroform 6/20/2011 0.31 0.5 7 UG/L 48 J

Trichlorofluoromethane 6/20/2011 0.64 0.5 5 UG/L 52

Chloroform 6/20/2011 0.6 0.5 7 UG/L 60

Methylene chloride 6/20/2011 0.83 0.5 5 UG/L 60

Methylene chloride 6/20/2011 0.42 0.5 5 UG/L 64 J

Chloroform 6/20/2011 2.28 0.5 7 UG/L 64

Site ID : B452‐GP‐22

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Carbon tetrachloride 6/9/2011 0.19 0.5 5 UG/L 28 J

Methyl chloride 6/9/2011 0.3 0.5 5 UG/L 28 J

Chloroform 6/9/2011 0.45 0.5 7 UG/L 28 J

Trichlorofluoromethane 6/9/2011 2010 0.5 5 UG/L 28 E

Methyl chloride 6/9/2011 0.64 0.5 5 UG/L 32

Trichlorofluoromethane 6/9/2011 8250 100 5 UG/L 32

Chloroform 6/9/2011 1.84 0.5 7 UG/L 32

Carbon tetrachloride 6/9/2011 4.42 0.5 5 UG/L 36

1,2,3‐Trichlorobenzene 6/9/2011 0.19 0.5 5 UG/L 36 J

1,1,1‐Trichloroethane 6/9/2011 0.53 0.5 5 UG/L 36

1,1‐Dichloroethylene 6/9/2011 0.16 0.5 5 UG/L 36 J

Chloroform 6/9/2011 4.78 0.5 7 UG/L 36

Dichlorodifluoromethane 6/9/2011 1.46 0.5 5 UG/L 36

Trichlorofluoromethane 6/9/2011 30800 500 5 UG/L 36

Toluene 6/9/2011 0.27 0.5 5 UG/L 36 J

1,1,1‐Trichloroethane 6/9/2011 0.38 0.5 5 UG/L 40 J

1,1‐Dichloroethylene 6/9/2011 0.13 0.5 5 UG/L 40 J

1,2,3‐Trichlorobenzene 6/9/2011 0.21 0.5 5 UG/L 40 J

Carbon tetrachloride 6/9/2011 4.66 0.5 5 UG/L 40

Chloroform 6/9/2011 3.72 0.5 7 UG/L 40

Methyl chloride 6/9/2011 0.29 0.5 5 UG/L 40 J

Trichlorofluoromethane 6/9/2011 28300 500 5 UG/L 40

Dichlorodifluoromethane 6/9/2011 1.61 0.5 5 UG/L 40

1,2,3‐Trichlorobenzene 6/9/2011 0.23 0.5 5 UG/L 44 J

Carbon tetrachloride 6/9/2011 1.18 0.5 5 UG/L 44

Chloroform 6/9/2011 1.08 0.5 7 UG/L 44

Dichlorodifluoromethane 6/9/2011 0.28 0.5 5 UG/L 44 J

Trichlorofluoromethane 6/9/2011 9930 250 5 UG/L 44
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Methyl chloride 6/9/2011 0.26 0.5 5 UG/L 44 J

Chloroform 6/9/2011 0.27 0.5 7 UG/L 52 J

Methyl chloride 6/9/2011 0.29 0.5 5 UG/L 52 J

Trichlorofluoromethane 6/9/2011 203 2.5 5 UG/L 52

Site ID : B452‐GP‐23

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Toluene 6/9/2011 0.12 0.5 5 UG/L 28 J

Trichlorofluoromethane 6/9/2011 2880 50 5 UG/L 28

Chloroform 6/9/2011 0.66 0.5 7 UG/L 28

Carbon tetrachloride 6/9/2011 0.28 0.5 5 UG/L 28 J

Methyl chloride 6/9/2011 0.7 0.5 5 UG/L 28

1,1‐Dichloroethylene 6/9/2011 0.11 0.5 5 UG/L 32 J

Toluene 6/9/2011 0.18 0.5 5 UG/L 32 J

Carbon tetrachloride 6/9/2011 2.92 0.5 5 UG/L 32

Methyl chloride 6/9/2011 0.25 0.5 5 UG/L 32 J

1,2,3‐Trichlorobenzene 6/9/2011 0.1 0.5 5 UG/L 32 J

Chloroform 6/9/2011 4.84 0.5 7 UG/L 32

Dichlorodifluoromethane 6/9/2011 0.91 0.5 5 UG/L 32

1,1,1‐Trichloroethane 6/9/2011 0.4 0.5 5 UG/L 32 J

Trichlorofluoromethane 6/9/2011 27200 500 5 UG/L 32

1,1,1‐Trichloroethane 6/9/2011 0.55 0.5 5 UG/L 36

1,1‐Dichloroethylene 6/9/2011 0.14 0.5 5 UG/L 36 J

1,2,3‐Trichlorobenzene 6/9/2011 0.16 0.5 5 UG/L 36 J

Carbon tetrachloride 6/9/2011 3.69 0.5 5 UG/L 36

Chloroform 6/9/2011 6.68 0.5 7 UG/L 36

Dichlorodifluoromethane 6/9/2011 1.33 0.5 5 UG/L 36

m/p xylene 6/9/2011 0.13 0.5 5 UG/L 36 J

Methyl chloride 6/9/2011 0.38 0.5 5 UG/L 36 J

Toluene 6/9/2011 0.34 0.5 5 UG/L 36 J

Trichlorofluoromethane 6/9/2011 31500 500 5 UG/L 36

Carbon tetrachloride 6/8/2011 0.62 0.5 5 UG/L 40

m/p xylene 6/8/2011 0.12 0.5 5 UG/L 40 J

Methyl chloride 6/8/2011 0.38 0.5 5 UG/L 40 J

Trichlorofluoromethane 6/8/2011 8260 100 5 UG/L 40

Toluene 6/8/2011 0.17 0.5 5 UG/L 40 J

Chloroform 6/8/2011 1.38 0.5 7 UG/L 40

Chloroform 6/8/2011 0.78 0.5 7 UG/L 44

Carbon tetrachloride 6/8/2011 0.53 0.5 5 UG/L 44

m/p xylene 6/8/2011 0.12 0.5 5 UG/L 44 J

Toluene 6/8/2011 0.12 0.5 5 UG/L 44 J

Trichlorofluoromethane 6/8/2011 6010 100 5 UG/L 44

Methyl chloride 6/8/2011 0.34 0.5 5 UG/L 44 J

Methyl chloride 6/8/2011 0.43 0.5 5 UG/L 52 J
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Trichlorofluoromethane 6/8/2011 18 0.5 5 UG/L 52

Methylene chloride 6/8/2011 0.68 0.5 5 UG/L 52

Toluene 6/8/2011 0.14 0.5 5 UG/L 52 J

Methylene chloride 6/8/2011 0.84 0.5 5 UG/L 60

Trichlorofluoromethane 6/8/2011 1.24 0.5 5 UG/L 60

Toluene 6/8/2011 0.11 0.5 5 UG/L 60 J

Methyl chloride 6/8/2011 0.56 0.5 5 UG/L 60

Site ID : B452‐GP‐24

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Well Not Installed NA NA NA NA NA NA NA

Site ID : B452‐GP‐25

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Tetrachloroethylene 7/12/2011 0.87 0.5 5 UG/L 24

Tetrachloroethylene 7/12/2011 0.73 0.5 5 UG/L 32

Tetrachloroethylene 7/12/2011 3.71 0.5 5 UG/L 40

Tetrachloroethylene 7/12/2011 1.46 0.5 5 UG/L 48

1,1,1‐Trichloroethane 7/12/2011 0.68 0.5 5 UG/L 48

Tetrachloroethylene 7/12/2011 0.27 0.5 5 UG/L 56 J

1,1‐Dichloroethylene 7/12/2011 0.65 0.5 5 UG/L 64

Tetrachloroethylene 7/12/2011 0.83 0.5 5 UG/L 64

1,1,1‐Trichloroethane 7/12/2011 2.36 0.5 5 UG/L 64

Site ID : B452‐GP‐26

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Tetrachloroethylene 7/13/2011 18.1 0.5 5 UG/L 24

Tetrachloroethylene 7/13/2011 360 5 5 UG/L 32

1,1,1‐Trichloroethane 7/13/2011 6.4 5 5 UG/L 32

cis‐1,2‐Dichloroethylene 7/13/2011 1.6 5 5 UG/L 32 J

1,1,1‐Trichloroethane 7/13/2011 0.24 0.5 5 UG/L 40 J

Tetrachloroethylene 7/13/2011 12.5 0.5 5 UG/L 40

Tetrachloroethylene 7/13/2011 5.54 0.5 5 UG/L 48

1,1,1‐Trichloroethane 7/13/2011 1.05 0.5 5 UG/L 48

1,1‐Dichloroethylene 7/13/2011 0.22 0.5 5 UG/L 48 J

Tetrachloroethylene 7/12/2011 3.46 0.5 5 UG/L 56

Trichlorofluoromethane 7/12/2011 0.47 0.5 5 UG/L 56 J

Trichlorofluoromethane 7/12/2011 3.79 0.5 5 UG/L 64

Trichlorofluoromethane 7/12/2011 54.9 0.5 5 UG/L 72

Trichlorofluoromethane 7/20/2011 53.8 0.5 5 UG/L 72

Chloroform 7/20/2011 1.53 0.5 7 UG/L 88

Chloroform 7/20/2011 1.23 0.5 7 UG/L 96

Chloroform 7/20/2011 0.41 0.5 7 UG/L 104 J
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Site ID : B452‐GP‐27

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

1,1,1‐Trichloroethane 6/29/2011 0.34 0.5 5 UG/L 24 J

Tetrachloroethylene 6/29/2011 118 1 5 UG/L 24

Trichlorofluoromethane 6/29/2011 0.59 0.5 5 UG/L 24

Trichlorofluoromethane 6/29/2011 1.22 0.5 5 UG/L 32

1,1,1‐Trichloroethane 6/29/2011 0.82 0.5 5 UG/L 32

Tetrachloroethylene 6/29/2011 30.8 0.5 5 UG/L 32

Trichlorofluoromethane 6/29/2011 37.8 0.5 5 UG/L 40

Trichlorofluoromethane 6/29/2011 150 1 5 UG/L 48

Trichlorofluoromethane 6/29/2011 45.9 0.5 5 UG/L 56

Trichlorofluoromethane 6/29/2011 3.89 0.5 5 UG/L 64

Chloroform 6/29/2011 0.11 0.5 7 UG/L 64 J

Trichlorofluoromethane 7/21/2011 1.11 0.5 5 UG/L 72

Chloroform 7/21/2011 0.12 0.5 7 UG/L 72 J

Chloroform 7/21/2011 1.02 0.5 7 UG/L 88

Chloroform 7/20/2011 2.28 0.5 7 UG/L 96

Chloroform 7/20/2011 1.12 0.5 7 UG/L 104

Site ID : B452‐GP‐28

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

1,1,1‐Trichloroethane 6/28/2011 18.3 0.5 5 UG/L 24

1,1‐Dichloroethane 6/28/2011 3.16 0.5 5 UG/L 24

cis‐1,2‐Dichloroethylene 6/28/2011 10.9 0.5 5 UG/L 24

Trichloroethylene 6/28/2011 2.59 0.5 5 UG/L 24

Trichlorofluoromethane 6/28/2011 0.34 0.5 5 UG/L 24 J

Tetrachloroethylene 6/28/2011 994 10 5 UG/L 24

1,1‐Dichloroethylene 6/28/2011 0.15 0.5 5 UG/L 24 J

1,1,1‐Trichloroethane 6/28/2011 1.06 0.5 5 UG/L 32

Tetrachloroethylene 6/28/2011 61.6 0.5 5 UG/L 32

Trichloroethylene 6/28/2011 0.24 0.5 5 UG/L 32 J

cis‐1,2‐Dichloroethylene 6/28/2011 1.35 0.5 5 UG/L 32

Chloroform 6/28/2011 0.34 0.5 7 UG/L 40 J

Tetrachloroethylene 6/28/2011 0.56 0.5 5 UG/L 40

Trichlorofluoromethane 6/28/2011 0.35 0.5 5 UG/L 40 J

Chloroform 6/28/2011 1.72 0.5 7 UG/L 48

Trichlorofluoromethane 6/28/2011 0.87 0.5 5 UG/L 48

Chloroform 6/28/2011 1.24 0.5 7 UG/L 56

Trichlorofluoromethane 6/28/2011 1.08 0.5 5 UG/L 56

Chloroform 6/28/2011 0.61 0.5 7 UG/L 64

Trichlorofluoromethane 6/28/2011 1 0.5 5 UG/L 64

Trichlorofluoromethane 6/28/2011 50.2 0.5 5 UG/L 72

Chloroform 6/28/2011 0.31 0.5 7 UG/L 72 J

Chloroform 7/22/2011 0.3 0.5 7 UG/L 72 J
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Trichlorofluoromethane 7/22/2011 0.79 0.5 5 UG/L 80

Chloroform 7/21/2011 0.55 0.5 7 UG/L 88

Chloroform 7/21/2011 1.03 0.5 7 UG/L 96

Chloroform 7/21/2011 1.72 0.5 7 UG/L 104

Site ID : B452‐GP‐29

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Chloroform 6/29/2011 1.61 0.5 7 UG/L 24

Chloroform 6/30/2011 3.2 0.5 7 UG/L 32

Bromodichloromethane 6/30/2011 0.54 0.5 50 UG/L 32

Chloroform 6/30/2011 2.05 0.5 7 UG/L 40

Chloroform 6/30/2011 0.3 0.5 7 UG/L 48 J

Chloroform 6/29/2011 0.12 0.5 7 UG/L 72 J

Site ID : B452‐GP‐30

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Tetrachloroethylene 6/30/2011 15.5 0.5 5 UG/L 24

Tetrachloroethylene 6/30/2011 33.6 0.5 5 UG/L 32

1,1,1‐Trichloroethane 6/30/2011 0.45 0.5 5 UG/L 32 J

Chloroform 6/30/2011 1.57 0.5 7 UG/L 40

Bromodichloromethane 6/30/2011 0.38 0.5 50 UG/L 48 J

Chloroform 6/30/2011 2.62 0.5 7 UG/L 48

Chloroform 6/30/2011 0.58 0.5 7 UG/L 56

Chloroform 6/30/2011 0.19 0.5 7 UG/L 64 J

Trichlorofluoromethane 6/30/2011 2.4 0.5 5 UG/L 64

Site ID : B452‐GP‐31

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichloroethylene 7/14/2011 0.18 0.5 5 UG/L 24 J

Tetrachloroethylene 7/14/2011 829 5 5 UG/L 24

1,1,1‐Trichloroethane 7/14/2011 0.45 0.5 5 UG/L 24 J

cis‐1,2‐Dichloroethylene 7/14/2011 0.13 0.5 5 UG/L 32 J

Tetrachloroethylene 7/14/2011 819 5 5 UG/L 32

Trichloroethylene 7/14/2011 0.25 0.5 5 UG/L 32 J

1,1,1‐Trichloroethane 7/14/2011 2.93 0.5 5 UG/L 32

1,1,1‐Trichloroethane 7/14/2011 0.45 0.5 5 UG/L 40 J

Tetrachloroethylene 7/14/2011 12.9 0.5 5 UG/L 40

Trichlorofluoromethane 7/13/2011 4.38 0.5 5 UG/L 48

Chloroform 7/13/2011 0.35 0.5 7 UG/L 48 J

Tetrachloroethylene 7/13/2011 0.72 0.5 5 UG/L 48

Tetrachloroethylene 7/13/2011 0.43 0.5 5 UG/L 56 J



Building 452 Freon‐11 Groundwater Investigation

VOCs Detected Above MDL

Trichlorofluoromethane 7/13/2011 6.3 0.5 5 UG/L 56

Chloroform 7/13/2011 0.18 0.5 7 UG/L 56 J

Tetrachloroethylene 7/13/2011 0.21 0.5 5 UG/L 64 J

Trichlorofluoromethane 7/13/2011 0.47 0.5 5 UG/L 64 J

Chloroform 7/13/2011 0.73 0.5 7 UG/L 64

Chloroform 7/13/2011 0.24 0.5 7 UG/L 72 J

Trichlorofluoromethane 7/13/2011 0.53 0.5 5 UG/L 72

Trichlorofluoromethane 7/13/2011 12.9 0.5 5 UG/L 80

Site ID : B452‐GP‐32

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Chloroform 7/14/2011 0.96 0.5 7 UG/L 24

Trichlorofluoromethane 7/14/2011 7.39 0.5 5 UG/L 24

Chloroform 7/14/2011 3.15 0.5 7 UG/L 28

Dibromochloromethane 7/14/2011 0.21 0.5 5 UG/L 28 J

Trichlorofluoromethane 7/14/2011 18.4 0.5 5 UG/L 28

Bromodichloromethane 7/14/2011 0.33 0.5 50 UG/L 28 J

Trichlorofluoromethane 7/14/2011 97.7 0.5 5 UG/L 32

Chloroform 7/14/2011 0.63 0.5 7 UG/L 32

Trichlorofluoromethane 7/14/2011 0.64 0.5 5 UG/L 36

Chloroform 7/14/2011 1.06 0.5 7 UG/L 36

Trichlorofluoromethane 7/14/2011 1.39 0.5 5 UG/L 40

Chloroform 7/14/2011 1.43 0.5 7 UG/L 40

Chloroform 7/14/2011 0.4 0.5 7 UG/L 44 J

Trichlorofluoromethane 7/14/2011 5.75 0.5 5 UG/L 44

Chloroform 7/14/2011 0.47 0.5 7 UG/L 52 J

Trichlorofluoromethane 7/14/2011 34 0.5 5 UG/L 52

Site ID : B452‐GP‐33

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Well Not Installed NA NA NA NA NA NA NA

Site ID : B452‐GP‐34

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Methyl chloride 7/25/2011 0.73 0.5 5 UG/L 28

Methyl chloride 7/25/2011 0.6 0.5 5 UG/L 36

Chloroform 7/25/2011 0.33 0.5 7 UG/L 36 J

Methyl chloride 7/25/2011 0.89 0.5 5 UG/L 40

Chloroform 7/25/2011 0.14 0.5 7 UG/L 60 J

Chloroform 7/22/2011 3.51 0.5 7 UG/L 68

Chloroform 7/22/2011 4.19 0.5 7 UG/L 76

Chloroform 7/22/2011 4.64 0.5 7 UG/L 84



Building 452 Freon‐11 Groundwater Investigation

VOCs Detected Above MDL

Site ID : B452‐GP‐35

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 7/26/2011 1.19 0.5 5 UG/L 28

Trichlorofluoromethane 7/26/2011 1.88 0.5 5 UG/L 40

Trichlorofluoromethane 7/26/2011 1.74 0.5 5 UG/L 44

Trichlorofluoromethane 7/26/2011 1.32 0.5 5 UG/L 52

Trichlorofluoromethane 7/26/2011 29.2 0.5 5 UG/L 60

Trichlorofluoromethane 7/26/2011 9.62 0.5 5 UG/L 68

Chloroform 7/26/2011 0.23 0.5 7 UG/L 68 J

Chloroform 7/26/2011 1.73 0.5 7 UG/L 76

Chloroform 7/25/2011 1.46 0.5 7 UG/L 84

Site ID : B452‐GP‐36

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 7/27/2011 21.7 0.5 5 UG/L 28

Tetrachloroethylene 7/27/2011 0.3 0.5 5 UG/L 28 J

Trichlorofluoromethane 7/27/2011 9.82 0.5 5 UG/L 36

Methyl chloride 7/27/2011 0.53 0.5 5 UG/L 36

Trichlorofluoromethane 7/27/2011 20.9 0.5 5 UG/L 40

Trichlorofluoromethane 7/27/2011 601 5 5 UG/L 44

Chloroform 7/27/2011 0.18 0.5 7 UG/L 44 J

Chloroform 7/27/2011 0.35 0.5 7 UG/L 48 J

Trichlorofluoromethane 7/27/2011 3340 25 5 UG/L 48

Trichlorofluoromethane 7/27/2011 1200 12.5 5 UG/L 52

Chloroform 7/27/2011 0.17 0.5 7 UG/L 52 J

Methyl chloride 7/27/2011 0.45 0.5 5 UG/L 60 J

Trichlorofluoromethane 7/27/2011 162 1 5 UG/L 60

Methyl chloride 7/27/2011 0.5 0.5 5 UG/L 68

Site ID : B452‐GP‐37

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichlorofluoromethane 7/28/2011 40 0.5 5 UG/L 28

Tetrachloroethylene 7/28/2011 0.25 0.5 5 UG/L 28 J

Methyl chloride 7/28/2011 0.59 0.5 5 UG/L 28

Trichlorofluoromethane 7/28/2011 21.5 0.5 5 UG/L 36

Trichlorofluoromethane 7/28/2011 74.9 0.5 5 UG/L 40

Chloroform 7/28/2011 0.64 0.5 7 UG/L 44

Methyl chloride 7/28/2011 0.79 0.5 5 UG/L 44

Trichlorofluoromethane 7/28/2011 2830 25 5 UG/L 44

Toluene 7/28/2011 0.1 0.5 5 UG/L 44 J

Carbon tetrachloride 7/28/2011 0.94 0.5 5 UG/L 48

Chloroform 7/28/2011 1.08 0.5 7 UG/L 48

Methyl chloride 7/28/2011 1.06 0.5 5 UG/L 48



Building 452 Freon‐11 Groundwater Investigation

VOCs Detected Above MDL

Trichlorofluoromethane 7/28/2011 7310 100 5 UG/L 48

Chloroform 7/28/2011 0.46 0.5 7 UG/L 52 J

Trichlorofluoromethane 7/28/2011 123 1 5 UG/L 52

Trichlorofluoromethane 7/28/2011 170 1 5 UG/L 60

Chloroform 7/28/2011 0.39 0.5 7 UG/L 60 J

Methyl chloride 7/28/2011 0.61 0.5 5 UG/L 60

Toluene 7/28/2011 0.12 0.5 5 UG/L 60 J

Toluene 7/28/2011 0.12 0.5 5 UG/L 68 J

Methyl chloride 7/28/2011 0.61 0.5 5 UG/L 68

Trichlorofluoromethane 7/28/2011 5.86 0.5 5 UG/L 68

Chloroform 7/28/2011 0.11 0.5 7 UG/L 76 J

Trichlorofluoromethane 7/28/2011 4.9 0.5 5 UG/L 76

Toluene 7/28/2011 0.12 0.5 5 UG/L 76 J

Chloroform 7/28/2011 1.98 0.5 7 UG/L 84

Toluene 7/28/2011 0.12 0.5 5 UG/L 84 J

Site ID : B452‐GP‐38

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Chloroform 7/29/2011 0.77 0.5 7 UG/L 28

Trichlorofluoromethane 7/29/2011 57.1 0.5 5 UG/L 28

Trichlorofluoromethane 7/29/2011 6.95 0.5 5 UG/L 36

Trichlorofluoromethane 7/29/2011 4.25 0.5 5 UG/L 40

Trichlorofluoromethane 7/29/2011 43.2 0.5 5 UG/L 44

Trichlorofluoromethane 7/29/2011 65.1 0.5 5 UG/L 48

Trichlorofluoromethane 7/29/2011 19.8 0.5 5 UG/L 52

Chloroform 7/29/2011 0.16 0.5 7 UG/L 52 J

Trichlorofluoromethane 7/29/2011 216 2.5 5 UG/L 60

Methyl chloride 7/29/2011 0.72 0.5 5 UG/L 76

Methyl chloride 7/29/2011 0.73 0.5 5 UG/L 84

Site ID : B452‐GP‐39

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Bromodichloromethane 8/1/2011 0.29 0.5 50 UG/L 28 J

Chloroform 8/1/2011 4.49 0.5 7 UG/L 28

Trichlorofluoromethane 8/1/2011 2.71 0.5 5 UG/L 28

Trichlorofluoromethane 8/1/2011 7.1 0.5 5 UG/L 36

Trichlorofluoromethane 8/1/2011 0.67 0.5 5 UG/L 52

Trichlorofluoromethane 8/1/2011 3.26 0.5 5 UG/L 60

Site ID : B452‐GP‐40

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Cymene 8/2/2011 0.53 0.5 5 UG/L 28

Chloroform 8/2/2011 2.98 0.5 7 UG/L 28

Toluene 8/2/2011 0.4 0.5 5 UG/L 28 J



Building 452 Freon‐11 Groundwater Investigation

VOCs Detected Above MDL

Trichlorofluoromethane 8/2/2011 4.05 0.5 5 UG/L 28

Chloroform 8/2/2011 2.03 0.5 7 UG/L 36

Toluene 8/2/2011 0.42 0.5 5 UG/L 36 J

Cymene 8/2/2011 0.44 0.5 5 UG/L 36 J

Trichlorofluoromethane 8/2/2011 3.48 0.5 5 UG/L 36

Toluene 8/2/2011 0.11 0.5 5 UG/L 44 J

Chloroform 8/2/2011 0.73 0.5 7 UG/L 44

Cymene 8/2/2011 0.2 0.5 5 UG/L 52 J

Trichlorofluoromethane 8/2/2011 3.26 0.5 5 UG/L 52

Site ID : B452‐GP‐41

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Well Not Installed NA NA NA NA NA NA NA

Site ID : B452‐GP‐42

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Trichloroethylene 8/3/2011 0.33 0.5 5 UG/L 40 J

Chloroform 8/3/2011 0.66 0.5 7 UG/L 40

Tetrachloroethylene 8/3/2011 416 5 5 UG/L 40

1,1,1‐Trichloroethane 8/3/2011 23.5 0.5 5 UG/L 40

1,1‐Dichloroethane 8/3/2011 0.84 0.5 5 UG/L 40

1,1‐Dichloroethylene 8/3/2011 1.45 0.5 5 UG/L 40

Trichloroethylene 8/3/2011 0.15 0.5 5 UG/L 48 J

1,1,1‐Trichloroethane 8/3/2011 4.48 0.5 5 UG/L 48

Tetrachloroethylene 8/3/2011 163 2.5 5 UG/L 48

1,1‐Dichloroethylene 8/3/2011 0.54 0.5 5 UG/L 48

1,1,1‐Trichloroethane 8/3/2011 2.3 0.5 5 UG/L 56

Tetrachloroethylene 8/3/2011 36.5 0.5 5 UG/L 56

1,1,1‐Trichloroethane 8/3/2011 0.52 0.5 5 UG/L 64

Tetrachloroethylene 8/3/2011 1.75 0.5 5 UG/L 64

Tetrachloroethylene 8/3/2011 0.45 0.5 5 UG/L 72 J

1,1,1‐Trichloroethane 8/3/2011 0.27 0.5 5 UG/L 72 J

Site ID : B452‐GP‐43

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

1,1,1‐Trichloroethane 8/4/2011 16.2 5 5 UG/L 40

Tetrachloroethylene 8/4/2011 440 5 5 UG/L 40

Tetrachloroethylene 8/4/2011 22.9 0.5 5 UG/L 48

1,1,1‐Trichloroethane 8/4/2011 1.08 0.5 5 UG/L 48

Tetrachloroethylene 8/4/2011 21 0.5 5 UG/L 56

1,1,1‐Trichloroethane 8/4/2011 1.3 0.5 5 UG/L 56

1,1,1‐Trichloroethane 8/4/2011 0.34 0.5 5 UG/L 64 J

Tetrachloroethylene 8/4/2011 2.41 0.5 5 UG/L 64

Tetrachloroethylene 8/4/2011 0.25 0.5 5 UG/L 72 J
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Chloroform 8/3/2011 0.42 0.5 7 UG/L 96 J

Site ID : B452‐GP‐44

Chemical Name Sample Date Value Detlim STD Level Units Depth Qual

Tetrachloroethylene 8/5/2011 305 5 5 UG/L 40

1,1,1‐Trichloroethane 8/5/2011 7.92 0.5 5 UG/L 40

Trichloroethylene 8/5/2011 0.11 0.5 5 UG/L 40 J

1,1,1‐Trichloroethane 8/5/2011 5.82 0.5 5 UG/L 48

Tetrachloroethylene 8/5/2011 614 5 5 UG/L 48

Trichloroethylene 8/5/2011 0.14 0.5 5 UG/L 48 J

1,1‐Dichloroethylene 8/5/2011 0.4 0.5 5 UG/L 48 J

1,1,1‐Trichloroethane 8/5/2011 3.56 0.5 5 UG/L 56

1,1‐Dichloroethylene 8/5/2011 0.53 0.5 5 UG/L 56

Tetrachloroethylene 8/5/2011 56.6 0.5 5 UG/L 56

Chloroform 8/4/2011 0.74 0.5 7 UG/L 88

Chloroform 8/4/2011 0.74 0.5 7 UG/L 96

Chloroform 8/4/2011 0.53 0.5 7 UG/L 104
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Groundwater Modeling 
Building 452 Freon 11 Groundwater Plume 

Brookhaven National Laboratory 
 

August 31, 2011 
 

 
In April 2011, a plume of Freon -11 was been detected in groundwater in the vicinity of 
Building 452 by BNL’s Groundwater Protection Group.  During April through early August 
2011, groundwater characterization efforts defined the extent of the plume.  The 
groundwater quality data which define the plume indicate that the contamination is 
dispersed over a large area in the Building 452 area.  At this time, the exact location of 
the Freon-11 release and its migration pathway to groundwater is still being investigated. 
 
BNL requested that D.B. Bennett, P.E., P.C. to perform groundwater model analyses to 
assist in developing groundwater remediation strategies.  

 

Groundwater Flow Model 
 
The existing BNL Groundwater Flow model (MODFLOW2000) was used to simulate 
groundwater flow directions and rates in the vicinity of the Freon-11 plume.  Specifically, 
the former Building 96 sub-model was used. 
 
The direction of groundwater flow has been determined using groundwater monitoring 
data collected by BNL.  The measured direction of groundwater flow in the Upper Glacial 
aquifer (as represented by a flow arrow) is compared with the model predicted flow 
direction (as represented by water table contours) in Figure 1.  There is good agreement 
between the observed and the predicted groundwater flow directions suggesting the 
model is able to adequately track the flow direction of the Freon-11 plume. 

 
Particle Tracking 
 
MODPATH was initially used to track the direction of flow of the Freon-11 plume.  The 
tracks were used to estimate whether any potable supply wells were threatened by the 
plume and whether any existing groundwater remediation systems could capture this 
recently discovered plume. 
 
The tracks and groundwater flow patterns predict that no potable water supply wells are 
threatened by the Freon-11 plume. 
 
 
The tracks from the area where the plume appears to have originated are predicted to 
travel to the existing groundwater extraction well RTW-1 in about 2 years.  RTW-1 is 
pumping at a rate of 30 gpm and is located about 600 feet downgradient of the apparent 
source area.  RTW-1 was designed to treat VOC groundwater contamination from the 
former Building 96 Area of Concern. 
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Because Freon-11 is being detected in former Building 96 extraction well RTW-1, using 
RTW-1 was identified as Option A for remediating the Freon-11 plume. 
 

 

 
Figure 1 – Predicted Groundwater Flow Direction & Particle Tracking – Existing 
RTW-1 at 30 gpm.  

 
 
Groundwater Quality Modeling 
 
The groundwater flow model (MODFLOW) was coupled with MT3D to simulate the fate 
and transport of Freon-11 contamination in groundwater. 
Key modeling assumptions include: 
 

 The principal VOC contaminant is Freon-11.  Based on published literature, 
Freon-11 is estimated to undergo little retardation in the aquifer.  Based on 
literature and model calibrations, Freon-11 is assumed to have a retardation 
factor of 1.3. The biodegradation rate of Freon-11 is assumed to be negligible. 

 
 The tight saturated silt zone in the vicinity of the source area is assumed to have 

a horizontal hydraulic conductivity of 20 ft/day and a vertical hydraulic 
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conductivity of 2.0 ft/day.  The surrounding Upper Glacial outwash hydraulic 
conductivity is assumed to be 250 ft/day horizontal and 25 ft/day vertical. 

 
 For modeling purposes, it is assumed that a continuing source of Freon-11 soil 

contamination no longer exists. 
 

 It is assumed that there is no “tailing effect” from the source area.  
 

 It is assumed that the HFBR Weaver Drive wells EW-11 and EW-16 are 
operating at pumping rates of 40 gpm and 150 gpm, respectively. 

 
 The extent and concentration of the subject contamination is assumed to be as 

mapped and reported in the Plume Characterization Map (BNL map dated 
8/9/11). Based upon the plume characterization results, the peak initial 
concentration in the source area is assumed to be 36,000 ug/L. 

 
 
 
Option A –  RTW-1 at 30 gpm 
 
The first option considered for remediation of the Freon-11 plume is to allow the plume 
to migrate 500 feet to the existing remediation well RTW-1. VOC contaminated 
(principally PCE) water is treated at RTW-1 by air stripping, which also appears to be 
effective for removing Freon-11.  RTW-1 is programmed to pump at a rate of 30 gpm for 
a few more years. 
 
The model predictions for the plume in April 2012 (6 months), November 2012 (1 year) 
and November 2013 (2 years) are shown in Figures 2, 3, & 4, respectively. 
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Figure 2 - Option A – Existing RTW-1 at 30 gpm. – After 180 days of pumping 
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Figure 3 - Option A – Existing RTW-1 at 30 gpm. – After 1 year of pumping 
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Figure 4 - Option A – Existing RTW-1 at 30 gpm. – After 2 years of pumping 
 
The model predicts that while the existing RTW-1 extraction well is capable of capturing 
a significant portion of the Freon-11 plume, a significant segment of the plume will not be 
captured and treated and will continue to migrate south, beyond the former Building 96 
remediation system.  It is possible that treatment well RTW-2 could be used to provide 
additional treatment of the Freon-11 plume not captured by RTW-1 in this scenario.    
 
The cons to relying on RTW-2 for additional treatment are that it uses in-well 
recirculation technology which has limits in its plume capture ability and it could prolong 
the pump and treat operation another 2 to 4 years. 
 
The existing RTW-1 well is not centered downgradient of the Freon-11 plume and is 
somewhat shallower than the Freon-11 plume.  These are the reasons that RTW-1 is 
predicted to be unable to totally control the Freon-11 plume.  
 
 
 
Option B –  EW-1 at 75 gpm 
 
Option B was developed as a more aggressive approach to addressing the 
contamination.  In Option B, a new extraction well (EW-1) is installed about 25-50 feet 
south of B452-GP-36.  This well is simulated to pump at a rate of 75 gpm and is located 
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immediately downgradient of the source area and the highest concentrations of Freon-
11 in groundwater. 
 
The model predictions for the plume in April 2012 (6 months) and November 2012 (1 
year) are shown in Figures 5 & 6, respectively. 
 
The model predicts that EW-1 at 75 gpm is capable of capturing the plume in its entirety 
and reduces concentrations in groundwater to less than 5 ppb after approximately 1 year 
of pumping.   Low levels of Freon-11 (e.g. 5 to 15 ppb) are located somewhat 
downgradient of EW-1 and are predicted not to be captured by EW-1.  These low levels 
can be captured by RTW-1 if necessary to achieve cleanup goals. 
 
For this scenario, existing RTW-1 was turned off to aid in evaluating the potential benefit 
of a well extraction well.  In reality, existing RTW-1 is programmed to operate until 2016. 
 

 
Figure 5 - Option B – New Extraction Well EW1 at 75 gpm. – After 180 days of 
pumping 
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Figure 6 - Option B – New Extraction Well EW1 at 75 gpm. – After 1 year of 
pumping 
 
 
 
 
Option C –  RTW-1 at 70 gpm 
 
Option C was developed as an attempt to capture and treat the Freon-11 plume without 
installing a new extraction well.  The pumping and treatment capacity of RTW-1 is limited 
to 70 gpm.   (Note: In this option, the proposed Extraction Well EW-1in Option B does 
not exist). 
 
The model predictions for the plume in April 2012 (6 months), November 2012 (1 year), 
and November 2013 (2 years) are shown in Figures 7, 8, & 9, respectively. 
 
The model predicts that RTW-1 at the higher 70 gpm is capable of capturing the plume 
and reduce concentrations in groundwater to less than 5 ppb after approximately 2 years 
of pumping.  The existing RTW-1 well is not centered downgradient of the Freon-11 
plume and is somewhat shallower than the Freon-11 plume and therefore relies on a 
much higher flow rate for control of the plume.  However, the 70 gpm flow rate in RTW-1 
would require a treatment plant upgrade to achieve. 
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Figure 7 - Option C – Existing RTW1 at 70 gpm. – After 180 days of pumping 
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Figure 8 - Option C – Existing RTW1 at 70 gpm. – After 1 year of pumping 
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Figure 9 - Option C – Existing RTW1 at 70 gpm. – After 2 years of pumping 
 
 
As noted earlier, it is assumed that there is no “tailing” effect from the vadose zone 
source after it is removed and it is assumed that the saturated silt zone does not contain 
NAPL.  BNL experience has found that some tailing affect should be expected. However, 
without precise characterization data which is capable of determining the remaining 
pounds of contamination that remain in the ground, it is difficult and impractical to 
simulate the tailing affect with computer models. 
 
The model simulations predict that RTW-1 is properly located and can substantially 
reduce the VOC contamination if the pumping rate is increased to 70 gpm as simulated 
in Option C.   Assuming some “tailing”, a reasonable period of Option 3, RTW-1 
operation is estimated to be 4 to 5 years. 
 
 
Option D –  Proposed EW-1 at 75 gpm and Existing RTW-1 at 30 gpm 
 
Option D was developed as a variation of Option B.  In Option B, potential low levels of 
Freon-11 are downgradient of the EW-1.  In this scenario, RTW-1 is left running at 30 
gpm as a second line of treatment and protection to prevent potential plume growth. 
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The model predictions for the plume in April 2012 (6 months) and November 2012 (1 
year) are shown in Figures 10 & 11, respectively. 
 
The model predicts that the combination of proposed EW-1 pumping at 75 gpm and 
RTW-1 at 30 gpm is capable of capturing the plume in its entirety with a large factor of 
safety and reduces concentrations in groundwater to less than 5 ppb after approximately 
2 years of pumping.   
 

 
Figure 10 - Option D – Proposed EW-1 at 75 gpm and Existing RTW-1 at 30 gpm 
After 180 days of pumping. 
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Figure 11 - Option D – Proposed EW-1 at 75 gpm and Existing RTW-1 at 30 gpm 
After 1 year of pumping. 
 

 
Summary  
 
Implementing a new extraction well aggressively remediates the areas of the plume with 
the highest levels of contamination and would be effective in remediating additional 
contamination that may be released from the vadose zone beneath the Building 452 
source area.  Maintaining the existing well RTW-1 in operation at 30 gpm does not 
interfere with the Freon-11 hot spot treatment and provides a backup capture and 
groundwater polishing system for low levels of contamination that may go un-captured.  
The RTW-1 provides a large measure of factor of safety to the cleanup strategy for this 
matter.   
 
Assuming some “tailing”, a reasonable period of operation for Option D is estimated to 
be 2 to 3 years.  Option D is the most effective at addressing sub-surface and 
contaminant uncertainty.  It also clearly prevents “plume growth” which is a cleanup goal 
of Operable Unit III. 
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APPENDIX C 

Building 452 Freon‐11 Plume Treatment System Construction Drawings 

 

Drawings 

T‐1  Title Sheet:  Location Plan and Drawing Index 

S‐1  Site Plan 

A‐1  New Treatment System Building Construction Details 

A‐2  New Treatment System Building Tie‐Down Details 

E‐1  New Treatment System Building Electrical Floor Plan 

E‐2  Electrical Single Line and Control Block Diagrams 

M‐1  New Treatment System Mechanical Floor Plan and Section 

M‐2  Mechanical Treatment System Details 

W‐1  Monitoring and Extraction Well Details 

CD‐1  Controls Drawings Ladder Wiring Diagram 

CD‐2  Controls Drawings Local Control Panels   
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APPENDIX D 

Preliminary Building 452 Freon‐11 Plume Treatment System Air Emissions 

Modeling Results 

   



Brookhaven National Laboratory 
Emission Point 45201 

Freon 11 Air Stripping Treatment System 
 

Based on their investigation of groundwater contamination from the freon 11 (trichlorofluoromethane) 

incident, the Ground Water Protection Group has commenced planning for the installation of a new 

groundwater treatment system.  They are considering using a QED Environmental Systems 4‐tray or 6‐

tray air stripper unit that would be installed near the boundaries of the measured plume.  The stripper 

unit would be housed in a treatment shed and would treat a maximum of 120 gallons of water per 

minute from a series of groundwater extraction wells.  QED personnel has estimated that either a 4‐tray 

EZ‐Tray 12.4 or 6‐tray EZ‐Tray 12.6 model stripper would achieve a 100 percent freon 11 removal 

efficiency presuming an influent water flow rate of 120 gals/min and an influent concentration of 36,000 

ug/L.  The design stripper air flow rate will be 600 ft3/min. Under these worst case operating conditions, 

the Environmental Protection Group has requested preliminary estimates of the impacts of stripper 

system emissions to determine whether additional engineering controls are needed.  

Worst Case Scenario 

Potential impacts of proposed treatment system emissions will be estimated using the NYSDEC DAR‐1 

Air Toxic screening procedure screening method.  For this evaluation, it is assumed that the height of the 

treatment shed will be 7.5 feet and that the treatment system exhaust stack will extend 7 feet above the 

roof line in accordance with the SBMS Exhaust Ventilation Guidance Specifications.  It is also assumed 

that the stack outlet diameter will be 12 inches .   

Estimated Hourly and Annual Emissions 

Trichlorofluoromethane Influent concentration ‐ 36,000 ug/l 
Influent pumping rate – 120 gals/min (454 l/min) 
Estimated stripper removal efficiency ‐ 100% 

 
Hourly Emissions – (36,000 ug/l) (454 l/min) (60 mins/hr) = 2.16 lbs/hr 

        (106 ug/g)(453.6 g/lb) 
 
  Annual Emissions – (2.16 lbs/hr) (8760 hrs/yr) = 18,922 lbs/yr 
 
DAR‐1 Air Toxics Assessment 
Design Values: 
Building Height (hb) – 7.5 ft      AGC for trichlorofluoromethane – 1,000 ug/m3 
Stack Height (hs) ‐ 14.5 ft      SGC for trichlorofluoromethane – 68,000 ug/m3 
Stack Diameter ‐ 1.0 ft 
Exit Flow Rate – 600 ft3/min 
Stack Exit Velocity – 12.7 ft/sec 
Sack Exit Temperature ‐ 68 °F 
Average Ambient Temperature – 50 °F  
Distance to Nearest Property Line (Dpl) ≈ 3000 ft 



Refined Cavity Impact Method: 
The building cavity height (hc) is equal to 1.5hb or 11.25 ft.  Since the stack height (hs) is greater than the 
hc, no short term cavity impacts occur.   
 
Calculate the Momentum Flux (Fm) of the exhaust as follows: 
  Fm (ft

4/sec2) = (Ta) (V
2) (R2)  

         T 
 Where:  T = exit temperature (°R) 
      V = exit velocity (ft/sec) 
     R = stack outlet radius (ft) 
    Ta = ambient temperature (°R) 
 
  Fm (ft

4/sec2) = (510) (12.72) (0.52) = 38.9 
             528 

 
Standard Point Source Method: 
A1. Calculate the effective stack height (he) from: 
  he = hs + 1.1(Fmhb)

1/3  

  he = 14.5 + 1.1(38.9 x 7.5)
1/3 = 21.8 ft 

 
Calculate the maximum annual impact (Ca) from the point source using the following equation: 
A2. Ca (ug/m

3) = 6.0 x Qa 
        he

2.25          
         
        where Qa is the annual emissions rate in lbs/yr 
 
        Ca (ug/m3) = 6.0 x 18,922  = 111 ug/m3 
                21.8.2.25   
 
Since the air stripper treatment system will run continuously, the maximum potential annual impact (Cp) 
and Ca are equivalent  
 
Now, calculate the maximum short term impact (Cst) using the following equation: 
 
A3. Cst = Cp x 65 
 
      Cst = 111 ug/m

3 x 65  = 7,215 ug/m3 

 

Since Ca and Cst are less than the AGC and SGC for trichlorofluoromethane respectively, the annual and 
short term impacts of emissions from the proposed QED air stripper treatment system do not present a 
potential health risk to the public.    
 



 

APPENDIX E 

Sample Results for New Building 452 Groundwater Monitoring Wells 

 



Building 452 Freon‐11 Groundwater Monitoring Wells

VOCs Detected Above MDL

Site ID : 085‐43

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 1.14 0.5 5 UG/L

Chloroform 11/9/2011 0.2 0.5 7 UG/L J

Site ID : 085‐73

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 1710 25 5 UG/L

Chloroform 11/9/2011 0.37 0.5 7 UG/L J

Carbon tetrachloride 11/9/2011 0.31 0.5 5 UG/L J

Site ID : 085‐380

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 2680 50 5 UG/L

Site ID : 085‐381

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 843 12.5 5 UG/L

Site ID : 085‐382

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 38800 1000 5 UG/L

Site ID : 085‐383

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 960 12.5 5 UG/L

Site ID : 085‐384

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 15.7 0.5 5 UG/L

Chloroform 11/9/2011 0.56 0.5 7 UG/L



Building 452 Freon‐11 Groundwater Monitoring Wells

VOCs Detected Above MDL

Site ID : 085‐385

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 2.37 0.5 5 UG/L

Site ID : 085‐386

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 5650 100 5 UG/L

Site ID : 095‐313

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 31.5 0.5 5 UG/L

1,1,1‐Trichloroethane 11/9/2011 0.93 0.5 5 UG/L

1,1‐Dichloroethylene 11/9/2011 0.13 0.5 5 UG/L

Site ID : 085‐387

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 530 10 5 UG/L

Chloroform 11/9/2011 3.8 10 7 UG/L J

Site ID : 085‐388

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 ND 0.5 5 UG/L

Chloroform 11/9/2011 1.61 0.5 7 UG/L

Bromdichloromethane 11/9/2011 0.23 0.5 5 UG/L J

Site ID : 095‐314

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 ND 0.5 5 UG/L

Site ID : 095‐315

Chemical Name Sample Date Value Detlim STD Level Units Qual

Trichlorofluoromethane 11/9/2011 0.78 0.5 5 UG/L

Chloroform 11/9/2011 0.38 0.5 7 UG/L J
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