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1.1 SITE DESCRIPTION AND HISTORY OF LANDFILL ACTIVITIES 
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1.2 NATURE AND EXTENT OF CONTAMINATION 
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1.2.1 Prior to Remediation Activity (Original Nature and Extent) 
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1.2.2 Subsequent to Remediation Activity (Current Nature and Extent) 
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1.3 SUMMARY OF PREVIOUS REMEDIATION EFFORTS 

1.3.1 Pump and Treat Activities 
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1.3.2 In-Situ Chemical Oxidation Activities 
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1.3.3 pH Adjustment/Soybean Oil Injection Activities 
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1.4 SUMMARY OF CORRECTIVE ACTION PLAN OBJECTIVES 
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1.5 SUMMARY OF ONGOING USGS STUDY OF NATURAL ATTENUATION 
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2.0 SUMMARY OF GROUNDWATER MONITORING ACTIVITIES  
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2.1 WELL INSPECTIONS
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2.2 WELL MEASUREMENTS 
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2.3 GROUNDWATER SAMPLING AND ANALYSES 

2.3.1 Monitoring Well Sampling 
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2.3.2 Monitoring Well Analyses 
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2.3.3 Irrigation Well Sampling and Analyses 
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3.0 DATA PRESENTATION 


'(��
������

���+����
�
��##����

�
�
�� ������

�*
���
*����
#������#�
��
�
�
�
��	�����
�������

����������
���(
�(�
����
������
#�
�����
�
������#,





3.1 MONITORING WELL MEASUREMENTS 
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3.2 GROUNDWATER MONITORING WELL PURGING PARAMETERS 
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3.3  ANALYTICAL RESULTS
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3.3.1 Groundwater Protection Standard Analytical Results 
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3.3.2 Subdivision Irrigation Wells Analytical Results 
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3.4 QUANTITY OF HYDROCARBONS REMOVED 
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4.0 DATA ASSESSMENT 
4.1 OBSERVATIONS
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Quarterly Groundwater Monitoring Report 
Site 11, SUBASE Kings Bay 

October - December 2009 

Site 11 Report 8 
 

4.2 RECOMMENDATIONS
The GWMP (Bechtel, 1999) provides the following exit criteria for monitoring wells: 
 
� “Groundwater monitoring wells where the Groundwater Protection Standard has been met for four 

consecutive quarters will be reduced to annual sampling.
� Groundwater monitoring wells where the Groundwater Protection Standard has been met for two 

annual sampling events will be omitted from the sampling program.
� After termination of the corrective action, three groundwater monitoring wells will be selected for 

annual sampling and analyses to demonstrate compliance with the Groundwater Protection 
Standard for three consecutive years. One of these wells will be offsite well KBA-11-37. The other 
two wells selected for monitoring will be those that exhibited the most frequent/consistent 
occurrence of Groundwater Protection Standard exceedances.

� After demonstration of compliance with the Groundwater Protection Standard for three consecutive 
years, compliance monitoring of Site 11 will be terminated.” 

A total of two wells that are currently in the sampling program, KBA-11-10B and the irrigation well 
located at 122 Plantation Court, have previously met the criteria described in the first bullet above and 
have now met the second criteria as no concentrations have been measured in these two wells above 
GWPS criteria for four consecutive annual  sampling events. For this reason, it has been previously 
recommended that both of these locations be omitted from the sampling program. However, per the 
teleconference between SUBASE and GADNR on January 14, 2009 (McKenzie, Stofflet, Potter and 
Ghazi), SUBASE will continue monitoring these two wells until further re-evaluation of the overall 
monitoring program has been completed by GADNR. 
 
No other recommendations are appropriate at this time. Future recommendations will be provided, as 
appropriate, when GWMP exit strategy milestones are attained. 
 

5.0 PROJECTED WORK FOR THE NEXT REPORTING PERIOD
VT Group will continue quarterly/semi-annual/annual monitoring in accordance with the GWMP and all 
approved modifications. The next quarterly/semi-annual/annual monitoring event is scheduled for 
February 2010. 
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ABB Environmental Services, Inc. (ABB-ES), December 1993. RFI Interim Report for Site 11, Naval Installation 

Restoration Program, Naval Submarine Base, Kings Bay, Georgia.
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U.S. Naval Submarine Base, Kings Bay, Georgia, Revision 1.
Bechtel, May 1999. Interim Measures Progress Report, February 1 1999- April 30, 1999, Site 11, Old Camden 

County Landfill, U.S. Naval Submarine Base, Kings Bay, Georgia.
Bechtel, June 1999a. Groundwater Monitoring Plan for Site 11,Old Camden County Landfill, U.S. Naval Submarine 

Base, Kings Bay, Georgia.
CH2MHill Constructors, Inc. (CCI), January 2004. Construction Completion Report, Groundwater Remediation at 

Site 1, Old Camden County Landfill, Naval Submarine Base Kings Bay, Kings Bay, Georgia, Revision No. 01.
SUBASE Kings Bay, 2001. Corrective Action Plan, Site 11,Old Camden County Landfill, U.S. Naval Submarine 

Base, Kings Bay, Georgia, Revision 2.
United States Geological Survey (USGS), January 1998. Selecting Remediation Goals by Assessing the Natural 

Attenuation Capacity of Ground-Water Systems by Francis H. Chapelle and Paul M. Bradley, United States 
Geological Survey, Columbia, South Carolina. 

United States Geological Survey (USGS), January 2009. Monitoring the Effectiveness of Natural Attenuation at the 
Old Camden County Landfill, Kings Bay Naval Submarine Base, Georgia, 2008 by Francis H. Chapelle, 
United States Geological Survey, Columbia, South Carolina. 

VT Group, April 2006. Semi-Annual Corrective Action Report, October 2005 – March 2006 for U.S. Naval 
Submarine Base, Kings Bay, Georgia. 
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Quarterly Groundwater Monitoring Report
Site 11, SUBASE Kings Bay

October - December 2009

Well
Identification Date

Top of Casing
Elevation

(ft msl)

Depth to
Water

(ft btoc)

Water
Elevation

(ft msl)

Constructed
Depth

(ft btoc)

Measured
Depth

(ft btoc)
KBA-11-02 B<$<�&&& 42,%$ ��,41 $0,2= �4,&% �=,0$

��<B<�&&& &,2� $2,0� �=,�&
$<0<$%%% ��,=% $0,=$ �=,4%
=<$<$%%% �%,�% $=,&$ �0,%%
B<B<$%%% /�
����� /�
����� �%,B%

��<B<$%%% B,2= $1,41 �%,2%
$<2<$%%� �%,�B $=,B0 �%,�B
=<�<$%%� &,=4 $2,0& �%,2=
B<1<$%%� B,�4 $1,B& �%,B1

��<2<$%%� B,%1 $1,&= �%,BB
$<=<$%%$ B,2% $1,0$ ��,%%
=<2<$%%$ &,1� $2,4� �%,&%
B<=<$%%$ �%,�� $=,&� �%,BB

��<0<$%%$ 2,B= $&,�1 �%,&1
$<0<$%%4 1,2= $B,41 �%,&%
=<=<$%%4 1,== $B,01 ��,%%
B<0<$%%4 B,01 $1,== ��,%�

��<4<$%%4 &,&B $2,%0 ��,4%
$<4<$%%0 ��,00 $0,=B �0,&=
=<4<$%%0 ��,41 $0,2= ��,02
B<4<$%%0 �%,B% $=,$$ �0,&=

��<�<$%%0 1,2% $B,0$ ��,4=
$<1<$%%= &,4= $2,21 �%,1%
=<$<$%%= 1,01 $B,== ��,%&
B<�<$%%= B,0% $1,2$ ��,�%

�%<4�<$%%= =,0B 4%,=0 �%,B1
�<4%<$%%2 2,%� 4%,%� �=,1%
=<�<$%%2 1,B� $B,$� �=,22

1<4�<$%%2 �%,%2 $=,&2 �=,2B
��<�0<$%%2 �$,%� $0,%� �=,14

$<2<$%%1 ��,42 $0,22 �=,1=
=<1<$%%1 �$,1� $4,4� �=,1=

B<�%<$%%1 �%,0% $=,2$ �=,1=
��<=<$%%1 &,%$ $1,%% �=,10
�<4�<$%%B �%,$4 $=,1& �=,12
0<4%<$%%B �%,�� $=,&� �=,1=
B<=<$%%B ��,2& $0,44 �=,12

��<0<$%%B �%,B& $=,�4 �=,11
$<4<$%%& ��,&B $0,%0 �=,12
=<0<$%%& �%,�2 $=,B2 �=,1=
B<0<$%%& B,00 $1,=B �=,12

��<$<$%%& B,=4 $1,0& �=,12

Table 1
Well Measurements

ft = feet
msl = above mean sea level
btoc = below top of casing 13



Quarterly Groundwater Monitoring Report
Site 11, SUBASE Kings Bay

October - December 2009

Well
Identification Date

Top of Casing
Elevation

(ft msl)

Depth to
Water

(ft btoc)

Water
Elevation

(ft msl)

Constructed
Depth

(ft btoc)

Measured
Depth

(ft btoc)

Table 1
Well Measurements

KBA-11-03B B<$<�&&& 44,0& �%,%� $4,0B 01,%% 01,B$
��<B<�&&& B,=0 $0,&= 01,11
$<$0<$%%% &,=% $4,&& 0&,�%
=<$<$%%% B,1% $0,1& 01,�%

B<�=<$%%% �%,0% $4,%& 01,=%
��<2<$%%% 1,1B $=,1� 01,=%
$<=<$%%� B,21 $0,B$ 01,=%
=<�<$%%� B,04 $=,%2 01,=%
B<1<$%%� 2,1B $2,1� 01,=2

��<2<$%%� 1,4& $2,�% 01,=%
$<=<$%%$ B,41 $=,�$ 01,=�
=<2<$%%$ B,1= $0,10 01,00
B<=<$%%$ B,2& $0,B% 01,=�

��<0<$%%$ 1,2= $=,B0 01,=$
$<0<$%%4 1,0B $2,%� 01,=�
=<=<$%%4 1,%% $2,0& 01,=%
B<0<$%%4 1,$2 $2,$4 01,=4

��<4<$%%4 B,24 $0,B2 01,=$
$<4<$%%0 &,1� $4,1B 01,=%
=<4<$%%0 &,14 $4,12 01,=%
B<4<$%%0 &,2% $4,B& 01,=%

��<�<$%%0 2,&1 $2,=$ 01,=%
$<1<$%%= B,�� $=,4B 01,==
=<$<$%%= 2,0B $1,%� 01,=0
B<�<$%%= 1,=4 $=,&2 01,=0

�%<4�<$%%= =,�B $B,4� 01,==
�<4%<$%%2 =,=$ $1,&1 01,==
=<�<$%%2 1,$2 $2,$4 01,=$

1<4�<$%%2 B,&B $0,=� 01,=�
��<�0<$%%2 �%,=4 $$,&2 01,=&

$<2<$%%1 &,=B $4,&� 01,=B
=<1<$%%1 �%,&$ $$,=1 01,=&

B<�%<$%%1 B,=4 $0,&2 01,=1
��<=<$%%1 1,1� $=,1B 01,=B
�<4�<$%%B B,21 $0,B$ 01,=1
0<4%<$%%B B,B� $0,2B 01,=B
B<=<$%%B �%,=0 $$,&= 01,=B

��<0<$%%B &,4= $0,�0 01,=&
$<4<$%%& �%,$% $4,$& 01,=&
=<0<$%%& B,2= $0,B0 01,=1
B<0<$%%& 2,&= $2,=0 01,=B

��<$<$%%& 1,2$ $=,B1 01,=&

ft = feet
msl = above mean sea level
btoc = below top of casing 14



Quarterly Groundwater Monitoring Report
Site 11, SUBASE Kings Bay
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Well
Identification Date

Top of Casing
Elevation

(ft msl)

Depth to
Water

(ft btoc)

Water
Elevation

(ft msl)

Constructed
Depth

(ft btoc)

Measured
Depth

(ft btoc)

Table 1
Well Measurements

KBA-11-08B B<$<�&&& 4B,$% �4,10 $0,02 04,%% 04,11
��<B<�&&& �$,%0 $2,�2 04,1=
$<$0<$%%% �4,0% $0,B% 00,&%
=<$<$%%% �$,�% $2,�% 04,B%

B<�=<$%%% �0,%% $0,$% 04,=%
��<$%<$%%% ��,=0 $2,22 04,02

$<=<$%%� �$,%0 $2,�2 04,=�
=<�<$%%� ��,B= $2,4= 04,=&
B<1<$%%� �%,%$ $B,�B 04,0&

��<2<$%%� �%,1B $1,0$ 04,01
$<=<$%%$ ��,22 $2,=0 04,0B
=<2<$%%$ �$,$= $=,&= 04,0B
B<=<$%%$ ��,B0 $2,42 04,01

��<0<$%%$ �%,B$ $1,4B 04,=%
$<0<$%%4 �%,B� $1,4& 04,=%
=<=<$%%4 �%,41 $1,B4 04,=%
B<0<$%%4 �%,0� $1,1& 04,==

��<4<$%%4 ��,&� $2,$& 04,0B
$<4<$%%0 �4,$1 $0,&4 04,=%
=<4<$%%0 �4,4= $0,B= 04,0&
B<4<$%%0 �$,14 $=,01 04,=%

��<�<$%%0 �%,$4 $1,&1 04,=%
$<1<$%%= ��,4% $2,&% 04,=%
=<$<$%%= &,1% $B,=% 04,=4
B<�<$%%= �%,2= $1,== 04,=4

�%<4�<$%%= B,1B $&,0$ 04,=�
�<4%<$%%2 &,%4 $&,�1 04,=�
=<�<$%%2 �%,B� $1,4& 04,=�

1<4�<$%%2 �$,=B $=,2$ 04,=�
��<�0<$%%2 �0,00 $4,12 04,=B

$<2<$%%1 �4,�0 $=,%2 04,=B
=<1<$%%1 �0,&� $4,$& 04,==

B<�%<$%%1 �$,%= $2,�= 04,=2
��<=<$%%1 ��,%0 $1,�2 04,=B
�<4�<$%%B �$,%& $2,�� 04,=B
0<4%<$%%B �$,4$ $=,BB 04,=2
B<=<$%%B �0,%4 $0,�1 04,=2

��<0<$%%B �$,12 $=,00 04,=2
$<4<$%%& �4,1B $0,0$ 04,=1
=<0<$%%& �$,�= $2,%= 04,==
B<0<$%%& &,&& $B,$� 04,=2

��<$<$%%& �%,&0 $1,$2 04,=1

ft = feet
msl = above mean sea level
btoc = below top of casing 15
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Well
Identification Date

Top of Casing
Elevation

(ft msl)

Depth to
Water

(ft btoc)

Water
Elevation

(ft msl)

Constructed
Depth

(ft btoc)

Measured
Depth

(ft btoc)

Table 1
Well Measurements

KBA-11-10B B<$<�&&& 4B,%4 �4,&% $0,�4 =�,=% =�,21
��<B<�&&& �$,4� $=,1$ =�,2$
$<$0<$%%% �4,=% $0,=4 =4,%%
=<$<$%%% �$,B% $=,$4 =4,0%
B<B<$%%% �0,&% $4,�4 =$,$%

��<2<$%%% �0,%4 $0,%% =0,40
$<=<$%%� �$,0B $=,== =�,4=
=<�<$%%� �$,%2 $=,&1 =�,4=
B<1<$%%� �%,0B $1,== =�,4B

��<2<$%%� �%,&2 $1,%1 =�,41
$<=<$%%$ �$,�� $=,&$ =�,41
=<2<$%%$ �$,0% $=,24 =�,42
B<=<$%%$ �$,=4 $=,=% =�,42

��<0<$%%$ ��,%1 $2,&2 =�,42
$<0<$%%4 �%,&% $1,�4 =�,40
=<=<$%%4 �%,02 $1,=1 =�,4=
B<0<$%%4 �%,&B $1,%= =�,41

��<4<$%%4 �$,0� $=,2$ =�,42
$<4<$%%0 �4,2B $0,4= =�,42
=<4<$%%0 �4,1% $0,44 =�,4=
B<4<$%%0 �4,$2 $0,11 =�,41

��<�<$%%0 �%,02 $1,=1 =�,42
$<1<$%%= ��,B% $2,$4 =�,0%
=<$<$%%= �%,�� $1,&$ =�,0%
B<�<$%%= ��,%= $2,&B =�,04

�%<4�<$%%= B,=& $&,00 =�,0�
�<4%<$%%2 &,%0 $B,&& =�,4&
=<�<$%%2 �%,1B $1,$= =�,41

1<4�<$%%2 �$,10 $=,$& =�,4B
��<�0<$%%2 �0,=0 $4,0& =�,=0

$<2<$%%1 �4,== $0,0B =�,0=
=<1<$%%1 �=,%4 $4,%% =�,00

B<�%<$%%1 �$,1$ $=,4� =�,04
��<=<$%%1 ��,0= $2,=B =�,04
�<4�<$%%B �$,2� $=,0$ =�,00
0<4%<$%%B �$,2= $=,4B =�,00
B<=<$%%B �0,40 $4,2& =�,0$

��<0<$%%B �4,$B $0,1= =�,02
$<4<$%%& �0,$4 $4,B% =�,04
=<0<$%%& �$,=0 $=,0& =�,0=
B<0<$%%& �%,1% $1,44 =�,00

��<$<$%%& ��,$% $2,B4 =�,0$

ft = feet
msl = above mean sea level
btoc = below top of casing 16
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Well
Identification Date

Top of Casing
Elevation

(ft msl)

Depth to
Water

(ft btoc)

Water
Elevation

(ft msl)

Constructed
Depth

(ft btoc)

Measured
Depth

(ft btoc)

Table 1
Well Measurements

KBA-11-11A B<$<$%%4 4=,B= ��,0% $0,0= 41,%% 41,�$
��<B<�&&& &,2� $2,$0 41,�$
$<$0<$%%% ��,�% $0,1= 41,$%
=<$<$%%% &,0% $2,0= 41,%%

B<�%<$%%% ��,1% $0,�= 41,0%
��<�4<$%%% B,B= $1,%% 42,B2

$<=<$%%� &,2% $2,$= 42,B0
=<�<$%%� &,4� $2,=0 42,B4
B<1<$%%� 1,20 $B,$� 42,B2

��<2<$%%� B,�2 $1,2& 42,B4
$<=<$%%$ B,$4 $1,2$ 42,B=
=<2<$%%$ &,2& $2,�2 42,B�
B<=<$%%$ &,04 $2,0$ 42,B$

��<0<$%%$ B,4% $1,== 42,B2
$<0<$%%4 B,$= $1,2% 42,B=
=<=<$%%4 1,12 $B,%& 42,B0
B<0<$%%4 1,&$ $1,&4 42,B2

��<4<$%%4 &,0� $2,00 42,B=
$<4<$%%0 �%,1& $=,%2 42,B=
=<4<$%%0 �%,&% $0,&= 42,B=
B<4<$%%0 �%,4= $=,=% 42,B$

��<�<$%%0 1,2= $B,$% 42,B=
$<1<$%%= B,B1 $2,&B 42,B=
=<$<$%%= 1,$B $B,=1 42,BB
B<�<$%%= B,�% $1,1= 42,B1

�%<4�<$%%= =,&B $&,B1 42,&1
�<4%<$%%2 2,02 $&,4& 42,B1
=<�<$%%2 B,�$ $1,14 42,B4

1<4�<$%%2 &,&B $=,B1 42,B$
��<�0<$%%2 ��,&2 $4,B& 42,&�

$<2<$%%1 �%,&� $0,&0 42,B&
=<1<$%%1 �$,== $4,4% 42,&�

B<�%<$%%1 &,B� $2,%0 42,&�
��<=<$%%1 B,== $1,4% 42,&�
�<4�<$%%B &,1= $2,�% 42,&4
0<4%<$%%B &,&% $=,&= 42,&�
B<=<$%%B ��,2& $0,�2 42,&$

��<0<$%%B �%,0% $=,0= 42,&$
$<4<$%%& ��,02 $0,4& 42,&$
=<0<$%%& &,2$ $2,$4 42,&�
B<0<$%%& 1,=� $B,40 42,=�

��<$<$%%& B,4% $1,== 42,&$

ft = feet
msl = above mean sea level
btoc = below top of casing 17
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Well
Identification Date

Top of Casing
Elevation

(ft msl)

Depth to
Water

(ft btoc)

Water
Elevation

(ft msl)

Constructed
Depth

(ft btoc)

Measured
Depth

(ft btoc)

Table 1
Well Measurements

KBA-11-13A B<$<�&&& 40,$% �%,11 $4,04 0$,=% 0$,=$
��<B<�&&& &,$= $0,&= 0$,1=
$<0<$%%% �%,$% $0,%% 0$,0%
=<$<$%%% &,4% $0,&% 0$,%%

B<�%<$%%% ��,$% $4,%% 0$,&%
��<B<$%%% 2,=$ $1,2B 0$,4%
$<&<$%%� &,=4 $0,21 0$,$2
=<4<$%%� &,$� $0,&& 0$,$=
B<1<$%%� 1,=� $2,2& 0$,4�

��<2<$%%� B,�1 $2,%4 0$,$1
$<=<$%%$ &,�4 $=,%1 0$,$2
=<2<$%%$ &,02 $0,10 0$,$&
B<=<$%%$ &,01 $0,14 0$,$=

��<0<$%%$ B,$% $2,%% 0$,$&
$<0<$%%4 B,%= $2,�= 0$,$0
=<=<$%%4 1,22 $2,=0 0$,$2
B<0<$%%4 B,%2 $2,�0 0$,$B

��<4<$%%4 &,04 $0,11 0$,$B
$<4<$%%0 �%,=0 $4,22 0$,$1
=<4<$%%0 �%,=% $4,1% 0$,$B
B<4<$%%0 �%,$= $4,&= 0$,$&

��<�<$%%0 1,20 $2,=2 0$,4%
$<1<$%%= B,B= $=,4= 0$,4%
=<$<$%%= 1,�2 $1,%0 0$,$&
B<�<$%%= B,$4 $=,&1 0$,$&

�%<4�<$%%= =,B& $B,4� 0$,4$
�<4%<$%%2 2,$% $B,%% 0$,4%
=<�<$%%2 1,&& $2,$� 0$,$B

1<4�<$%%2 &,10 $0,02 0$,$1
��<�0<$%%2 ��,4$ $$,BB 0$,4=

$<2<$%%1 �%,44 $4,B1 0$,42
=<1<$%%1 ��,2B $$,=$ 0$,40

B<�%<$%%1 &,44 $0,B1 0$,4=
��<=<$%%1 B,0= $=,1= 0$,42
�<4�<$%%B &,02 $0,10 0$,4=
0<4%<$%%B &,=$ $0,2B 0$,4=
B<=<$%%B ��,$% $4,%% 0$,42

��<0<$%%B �%,�% $0,�% 0$,42
$<4<$%%& �%,&1 $4,$4 0$,4=
=<0<$%%& &,0= $0,1= 0$,4=
B<0<$%%& 1,14 $2,01 0$,42

��<$<$%%& B,4& $=,B� 0$,42

ft = feet
msl = above mean sea level
btoc = below top of casing 18
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Well
Identification Date

Top of Casing
Elevation

(ft msl)

Depth to
Water

(ft btoc)

Water
Elevation

(ft msl)

Constructed
Depth

(ft btoc)

Measured
Depth

(ft btoc)

Table 1
Well Measurements

KBA-11-13B B<$<�&&& 40,B2 �0,$1 $%,=& &%,1% &%,11
��<B<�&&& �$,BB $�,&B &%,1$
$<$0<$%%% �4,2% $�,$2 &�,0%
=<$<$%%% �$,B% $$,%2 &�,%%
B<B<$%%% �0,2% $%,$2 &�,B%

��<2<$%%% �$,=% $$,42 &�,2%
$<&<$%%� �4,%= $�,B� &%,=4
=<0<$%%� �4,%& $�,11 &%,0&
B<1<$%%� ��,41 $4,0& &�,&B

��<2<$%%� �$,44 $$,=4 &%,=%
$<=<$%%$ �$,B% $$,%2 &%,2%
=<2<$%%$ �4,4B $�,0B &%,=$
B<=<$%%$ �4,%1 $�,1& &%,02

��<0<$%%$ �$,$% $$,22 &%,=�
$<0<$%%4 �$,$0 $$,2$ &%,01
=<=<$%%4 ��,&� $$,&= &%,=%
B<0<$%%4 ��,B2 $4,%% &%,02

��<4<$%%4 �4,%% $�,B2 &%,=�
$<4<$%%0 �4,&% $%,&2 &%,2�
=<4<$%%0 �4,BB $%,&B &%,0B
B<4<$%%0 �4,10 $�,�$ &%,=%

��<�<$%%0 ��,B= $4,%� &%,&%
$<1<$%%= �$,=% $$,42 &%,=%
=<$<$%%= ��,�B $4,2B &%,=�
B<�<$%%= �$,$0 $$,2$ &%,0=

�%<4�<$%%= �%,21 $0,�& &%,02
�<4%<$%%2 �%,B� $0,%= &%,=�
=<�<$%%2 �$,41 $$,0& &%,0&

1<4�<$%%2 �4,1� $�,�= &�,&%
��<�0<$%%2 �0,&$ �&,&0 &%,=1

$<2<$%%1 �4,2$ $�,$0 &%,=2
=<1<$%%1 �=,�0 �&,1$ &%,0&

B<�%<$%%1 �$,2B $$,�B &%,==
��<=<$%%1 �$,44 $$,=4 B&,B�
�<4�<$%%B �$,&= $�,&� &%,=2
0<4%<$%%B �4,4$ $�,=0 &%,=�
B<=<$%%B �0,1= $%,�� &%,2�

��<0<$%%B �4,== $�,4� &%,2�
$<4<$%%& �0,�= $%,1� &%,=B
=<0<$%%& �4,%0 $�,B$ &%,==
B<0<$%%& ��,=1 $4,$& &%,=2

��<$<$%%& �$,=4 $$,44 &%,=0

ft = feet
msl = above mean sea level
btoc = below top of casing 19
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Table 1
Well Measurements

KBA-11-15 B<$<�&&& $B,0& =,2% $$,B& 4&,%% 4&,$$
��<&<�&&& 0,%1 $0,0$ 4&,�1
$<1<$%%% 0,B% $4,2& 4&,%%
=<$<$%%% 4,&% $0,=& 4B,%%
B<&<$%%% =,1% $$,1& 4&,4%

��<1<$%%% 4,2& $0,B% 4B,1%
$<�4<$%%� 0,0= $0,%0 4B,B&
=<0<$%%� 0,�$ $0,41 4B,&%
B<1<$%%� $,$$ $2,$1 4B,&0

��<2<$%%� 4,$% $=,$& 4B,&%
$<=<$%%$ 4,&B $0,=� 4B,&%
=<2<$%%$ 0,04 $0,%2 4B,&%
B<=<$%%$ 0,4$ $0,�1 4B,&$

��<0<$%%$ 4,4B $=,�� 41,&�
$<0<$%%4 4,$0 $=,$= 4B,&$
=<=<$%%4 $,2& $=,B% 4B,&%
B<0<$%%4 $,1= $=,10 4B,B1

��<4<$%%4 0,4� $0,�B 4B,&%
$<4<$%%0 =,=� $$,&B 4B,&%
=<4<$%%0 =,04 $4,%2 4B,&$
B<4<$%%0 0,&& $4,=% 4B,&%

��<�<$%%0 $,2= $=,B0 4B,&=
$<1<$%%= 4,2� $0,BB 4B,&%
=<$<$%%= �,B% $2,2& 4B,&4
B<�<$%%= 4,�� $=,4B 4B,&1

�%<4�<$%%= �,44 $1,�2 4B,&B
�<4%<$%%2 �,�& $1,4% 4B,&�
=<�<$%%2 4,�B $=,4� 4B,&�

1<4�<$%%2 0,14 $4,12 4B,BB
��<�0<$%%2 2,02 $$,%4 4B,&1

$<2<$%%1 =,�2 $4,44 4B,&B
=<1<$%%1 2,12 $�,14 4B,42

B<�%<$%%1 0,%$ $0,01 4B,&B
��<=<$%%1 4,$1 $=,$$ 4B,&B
�<4�<$%%B 0,$0 $0,$= 4B,&1
0<4%<$%%B 0,4& $0,�% 4B,&=
B<=<$%%B =,BB $$,2� 4B,&1

��<0<$%%B 0,B& $4,2% /�
$<4<$%%& =,1$ $$,11 4B,&2
0<1<$%%& 4,=$ $0,&1 4B,&B
B<0<$%%& �,2$ $2,B1 4B,&1

��<$<$%%& 4,41 $=,�$ 4B,&B

ft = feet
msl = above mean sea level
btoc = below top of casing 20
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(ft msl)
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Table 1
Well Measurements

KBA-11-16 B<$<�&&& $B,22 2,�1 $$,0& 00,&% 00,11
��<&<�&&& 0,14 $4,&4 00,1$
$<1<$%%% =,4% $4,42 0=,4%
=<4<$%%% 4,&% $0,12 00,%%
B<&<$%%% 2,0% $$,$2 0=,�%

��<B<$%%% 0,4& $0,$1 00,0=
$<2<$%%� 0,&B $4,2B 00,01
=<$<$%%� 0,0B $0,�B 00,02
B<1<$%%� $,=& $2,%1 04,0B

��<2<$%%� 4,&& $0,21 00,02
$<=<$%%$ 0,1% $4,&2 00,01
=<2<$%%$ =,%& $4,=1 00,0=
B<=<$%%$ 0,&= $4,1� 00,01

��<0<$%%$ 0,%% $0,22 00,01
$<0<$%%4 4,B4 $0,B4 00,0B
=<=<$%%4 4,0= $=,$� 00,0B
B<0<$%%4 4,24 $=,%4 00,02

��<4<$%%4 =,%% $4,22 00,0B
$<4<$%%0 =,&B $$,2B 00,0B
=<4<$%%0 =,B2 $$,B% 00,0B
B<4<$%%0 =,2= $4,%� 00,0B

��<�<$%%0 4,0= $=,$� 00,=%
$<1<$%%= 0,0% $0,$2 00,=&
=<$<$%%= $,24 $2,%4 00,0B
B<�<$%%= 4,&4 $0,14 00,01

�%<4�<$%%= $,%2 $2,2% 00,0B
�<4%<$%%2 $,%1 $2,=& 00,=%
=<�<$%%2 4,&� $0,1= 00,0B

1<4�<$%%2 =,42 $4,4% 00,01
��<�0<$%%2 2,B% $�,B2 00,=$

$<2<$%%1 =,02 $4,$% 00,==
=<1<$%%1 1,%0 $�,2$ 00,=4

B<�%<$%%1 0,02 $0,$% 00,==
��<=<$%%1 4,42 $=,4% 00,=4
�<4�<$%%B 0,B$ $4,B0 00,==
0<4%<$%%B =,%$ $4,20 00,=$
B<=<$%%B 2,=4 $$,�4 00,=0

��<0<$%%B =,02 $4,$% 00,=1
$<4<$%%& 2,$% $$,02 00,=$
=<0<$%%& 0,&% $4,12 00,=4
B<0<$%%& 4,�% $=,=2 00,2%

��<$<$%%& 0,�B $0,0B 00,=2

ft = feet
msl = above mean sea level
btoc = below top of casing 21
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Table 1
Well Measurements

KBA-11-17B B<$<�&&& $=,0� 0,2� $%,B% 00,B% 00,1$
��<&<�&&& 4,%4 $$,4B 00,21
$<1<$%%% 4,2% $�,B� 00,0%
=<4<$%%% $,1% $$,1� 0$,4%
B<&<$%%% 0,2% $%,B� 0=,%%

��<1<$%%% 4,%1 $$,40 0=,4%
$<�4<$%%� 4,2= $�,12 00,0�
=<0<$%%� 4,44 $$,%B 00,0�
B<1<$%%� �,$& $0,�$ 00,0B

��<2<$%%� $,B� $$,2% 00,0�
$<=<$%%$ 4,$1 $$,�0 00,00
=<2<$%%$ 4,10 $�,21 00,00
B<=<$%%$ 4,4= $$,%2 00,04

��<0<$%%$ $,22 $$,1= 00,0=
$<0<$%%4 $,20 $$,11 00,0$
=<=<$%%4 $,$% $4,$� 00,0�
B<0<$%%4 $,%& $4,4$ 00,0�

��<4<$%%4 4,2= $�,12 00,0�
$<4<$%%0 0,=% $%,&� 00,0�
=<4<$%%0 0,$$ $�,�& 00,02
B<4<$%%0 4,&0 $�,01 00,0�

��<�<$%%0 $,$0 $4,�1 00,0=
$<1<$%%= $,&0 $$,01 00,=%
=<$<$%%= �,�= $0,$2 00,00
B<�<$%%= $,2= $$,12 00,0=

�%<4�<$%%= �,%& $0,4$ 00,0�
�<4%<$%%2 %,&2 $0,0= 00,04
=<�<$%%2 $,B0 $$,=1 00,0=

1<4�<$%%2 0,21 $%,10 00,0$
��<�0<$%%2 =,0% $%,%� 00,=�

$<2<$%%1 4,2= $�,12 00,=$
=<1<$%%1 =,=% �&,&� 00,0B

B<�%<$%%1 $,0= $$,&2 00,0&
��<=<$%%1 $,4% $4,�� 00,0B
�<4�<$%%B 4,�2 $$,$= 00,=�
0<4%<$%%B 4,0= $�,&2 00,0B
B<=<$%%B 0,B4 $%,=B 00,0&

��<0<$%%B 4,B� $�,2% 00,0B
$<4<$%%& 0,0B $%,&4 00,01
0<1<$%%& $,�1 $4,$0 00,=4
B<0<$%%& �,=% $4,&� 00,0B

��<$<$%%& $,&$ $$,0& 00,=4

ft = feet
msl = above mean sea level
btoc = below top of casing 22
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Table 1
Well Measurements

KBA-11-18 B<$<�&&& $$,B� 4,21 �&,�0 0=,B% 0=,B$
��<&<�&&& $,%= $%,12 0=,11
$<$=<$%%% $,1% $%,�� 02,B%
=<4<$%%% �,=% $�,4� 0=,=%

B<�=<$%%% 4,1% �&,�� 0=,0%
��<B<$%%% $,$0 $%,=1 01,=�
$<�2<$%%� $,11 $%,%0 0=,=%
=<0<$%%� $,=1 $%,$0 0=,=�
B<1<$%%� %,4B $$,04 0=,=&

��<2<$%%� $,�B $%,24 0=,=�
$<=<$%%$ $,0= $%,42 0=,=4
=<2<$%%$ $,&2 �&,B= 0=,04
B<=<$%%$ $,0B $%,44 0=,=�

��<0<$%%$ �,B$ $%,&& 0=,=�
$<0<$%%4 �,&% $%,&� 0=,=0
=<=<$%%4 �,== $�,$2 0=,=%
B<0<$%%4 �,40 $�,01 0=,02

��<4<$%%4 $,B& �&,&$ 0=,=$
$<4<$%%0 4,== �&,$2 0=,0&
=<4<$%%0 4,$$ �&,=& 0=,=%
B<4<$%%0 $,&4 �&,BB 0B,=�

��<�<$%%0 �,== $�,$2 0=,==
$<1<$%%= $,�= $%,22 0=,==
=<$<$%%= %,0& $$,4$ 0=,==
B<�<$%%= �,&= $%,B2 0=,=$

�%<4�<$%%= %,=% $$,4� 0=,=�
�<4%<$%%2 %,02 $$,4= 0=,=4
=<�<$%%2 $,$4 $%,=B 0=,=0

1<4�<$%%2 4,&4 �B,BB 0=,=0
��<�0<$%%2 0,04 �B,4B 0=,2$

$<2<$%%1 $,=0 $%,$1 0=,=&
=<1<$%%1 0,0= �B,42 0=,=1

B<�%<$%%1 �,40 $�,01 0=,=1
��<=<$%%1 �,0% $�,0� 0=,=1
�<4�<$%%B $,$4 $%,=B 0=,=4
0<4%<$%%B $,=B $%,$4 0=,2%
B<=<$%%B 4,B% �&,%� 0=,=B

��<0<$%%B $,1� $%,�% 0=,2$
$<4<$%%& 4,42 �&,0= 0=,=B
=<0<$%%& $,$0 $%,=1 0=,=B
B<0<$%%& %,1= $$,%2 0=,=&

��<$<$%%& $,$4 $%,=B 0=,2%

ft = feet
msl = above mean sea level
btoc = below top of casing 23
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Table 1
Well Measurements

KBA-11-20 B<$<�&&& $4,%1 4,%% $%,%1 0%,%% 0%,�$
��<&<�&&& �,&0 $�,�4 0%,�$
$<$=<$%%% $,2% $%,01 0%,&%
=<$<$%%% �,2% $�,01 0%,&%

B<�=<$%%% 4,2% �&,01 0%,$%
��<B<$%%% $,�B $%,B& 4&,B0
$<�4<$%%� $,4& $%,2B 4&,B2
=<0<$%%� $,0B $%,=& 4&,B2
B<1<$%%� %,=B $$,0& 4&,B1

��<2<$%%� $,%0 $�,%4 4&,B0
$<=<$%%$ $,�B $%,B& 4&,B2
=<2<$%%$ $,14 $%,40 4&,B0
B<=<$%%$ �,&= $�,�$ 4&,B=

��<0<$%%$ �,21 $�,0% 4&,B=
$<0<$%%4 �,11 $�,4% 4&,B2
=<=<$%%4 �,�2 $�,&� 4&,B2
B<0<$%%4 �,$& $�,1B 4&,B%

��<4<$%%4 $,4% $%,11 4&,B1
$<4<$%%0 $,1� $%,42 4&,B0
=<4<$%%0 $,0B $%,=& 4&,B2
B<4<$%%0 $,B4 $%,$0 4&,B=

��<�<$%%0 �,=� $�,=2 4&,&%
$<1<$%%= �,B% $�,$1 4&,B=
=<$<$%%= %,00 $$,24 4&,BB
B<�<$%%= �,B% $�,$1 4&,B1

�%<4�<$%%= %,20 $$,04 4&,B2
�<4%<$%%2 %,0% $$,21 4&,B2
=<�<$%%2 $,2B $%,4& 4&,BB

1<4�<$%%2 4,44 �&,10 4&,B=
��<�0<$%%2 4,24 �&,00 4&,&$

$<2<$%%1 �,&B $�,%& 4&,&0
=<1<$%%1 4,B$ �&,$= 4&,&�

B<�%<$%%1 �,�% $�,&1 4&,&$
��<=<$%%1 �,4B $�,2& 4&,&4
�<4�<$%%B �,B& $�,�B 4&,&4
0<4%<$%%B $,44 $%,10 4&,&�
B<=<$%%B 4,1= �&,4$ 4&,&$

��<0<$%%B $,$B $%,1& 4&,&�
$<4<$%%& $,1B $%,$& 4&,&$
0<1<$%%& %,&0 $$,�4 4&,&$
B<0<$%%& %,2& $$,4B 4&,&$

��<$<$%%& �,&B $�,%& 4&,&4

ft = feet
msl = above mean sea level
btoc = below top of casing 24
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Table 1
Well Measurements

KBA-11-21 B<$<�&&& $4,=2 4,1= �&,B� 0%,0% 0%,=1
��<&<�&&& $,0% $�,�2 0%,=1
$<$=<$%%% $,&% $%,22 0�,B%
=<$<$%%% $,�% $�,02 0%,B%

B<�=<$%%% 4,2% �&,&2 0%,$%
��<2<$%%% $,0% $�,�2 0%,$%
$<�4<$%%� $,2& $%,B1 0%,4%
=<0<$%%� $,B4 $%,14 0%,4%
B<1<$%%� %,&0 $$,2$ 0%,4%

��<2<$%%� $,$= $�,4� 0%,$&
$<=<$%%$ $,0& $�,%1 0%,4%
=<2<$%%$ 4,%0 $%,=$ 0%,$1
B<=<$%%$ $,42 $�,$% 0%,$&

��<0<$%%$ $,%% $�,=2 0%,4�
$<0<$%%4 $,�$ $�,00 0%,$&
=<=<$%%4 �,&0 $�,2$ 0%,$&
B<0<$%%4 �,=$ $$,%0 0%,$=

��<4<$%%4 $,2% $%,&2 0%,$&
$<4<$%%0 4,%2 $%,=% 0%,$1
=<4<$%%0 4,%% $%,=2 0%,$=
B<4<$%%0 4,4& $%,�1 0%,$B

��<�<$%%0 �,B0 $�,1$ 0%,4%
$<1<$%%= $,�= $�,0� 0%,4%
=<$<$%%= %,&0 $$,2$ 0%,4�
B<�<$%%= $,$� $�,4= 0%,4%

�%<4�<$%%= %,B0 $$,1$ 0%,4$
�<4%<$%%2 %,10 $$,B$ 0%,4�
=<�<$%%2 $,0% $�,�2 0%,4$

1<4�<$%%2 4,21 �&,B& 0%,$B
��<�0<$%%2 0,%% �&,=2 0%,4=

$<2<$%%1 $,04 $�,�4 0%,4B
=<1<$%%1 0,%0 �&,=$ 0%,4�

B<�%<$%%1 �,02 $$,�% 0%,4=
��<=<$%%1 �,&% $�,22 0%,40
�<4�<$%%B $,41 $�,�& 0%,4B
0<4%<$%%B $,B� $%,1= 0%,41
B<=<$%%B 0,�% �&,02 0%,4=

��<0<$%%B $,1% $%,B2 0%,40
$<4<$%%& 4,$% $%,42 0%,4=
0<1<$%%& �,4= $$,$� 0%,40
B<0<$%%& �,$& $$,$1 0%,4=

��<$<$%%& $,0% $�,�2 0%,4=

ft = feet
msl = above mean sea level
btoc = below top of casing 25
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Table 1
Well Measurements

KBA-11-22B B<$<�&&& 42,�4 ��,&$ $0,$� =$,2% =$,2$
��<B<�&&& �%,40 $=,1& =$,=&
$<$=<$%%% ��,2% $0,=4 =4,2%
=<$<$%%% �%,B% $=,44 =$,$%

B<�=<$%%% ��,0% $0,14 =$,4%
��<B<$%%% &,$� $2,&$ =$,4%
$<=<$%%� �%,0B $=,2= =$,$&
=<0<$%%� �%,�B $=,&= =$,44
B<1<$%%� B,=0 $1,=& =$,4B

��<2<$%%� B,B� $1,4$ =$,$B
$<=<$%%$ �%,�= $=,&B =$,$&
=<2<$%%$ �%,0% $=,14 =$,$B
B<=<$%%$ �%,=& $=,=0 =$,$B

��<0<$%%$ &,$2 $2,B1 =$,$&
$<0<$%%4 &,%� $1,�$ =$,$&
=<=<$%%4 B,0= $1,2B =$,$B
B<0<$%%4 B,&B $1,�= =$,$&

��<4<$%%4 �%,0� $=,1$ =$,$&
$<4<$%%0 ��,2B $0,0= =$,$&
=<4<$%%0 ��,14 $0,0% =$,$B
B<4<$%%0 ��,0� $0,1$ =$,4=

��<�<$%%0 B,0$ $1,1� =$,4%
$<1<$%%= &,B= $2,$B =$,4%
=<$<$%%= B,�1 $1,&2 =$,4$
B<�<$%%= &,%= $1,%B =$,4$

�%<4�<$%%= 2,4& $&,10 =$,4�
�<4%<$%%2 2,&= $&,�B =$,4$
=<�<$%%2 B,20 $1,0& =$,4%

1<4�<$%%2 �%,1% $=,04 =$,4%
��<�0<$%%2 �$,01 $4,22 =$,0%

$<2<$%%1 ��,1= $0,4B =$,0$
=<1<$%%1 �$,&& $4,�0 =$,0%

B<�%<$%%1 �%,11 $=,42 =$,�B
��<=<$%%1 &,4& $2,10 =$,0�
�<4�<$%%B �%,2$ $=,=� =$,0�
0<4%<$%%B �%,2& $=,00 =$,0%
B<=<$%%B �$,0% $4,14 =$,0%

��<0<$%%B ��,4� $0,B$ =$,0�
$<4<$%%& �$,$& $4,B0 =$,4B
=<0<$%%& �%,0B $=,2= =$,4&
B<0<$%%& B,=& $1,=0 =$,0%

��<$<$%%& &,�% $1,%4 =$,42

ft = feet
msl = above mean sea level
btoc = below top of casing 26
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Table 1
Well Measurements

KBA-11-34 B<$<�&&& 41,=� �4,1= $4,12 0%,%% 0�,%1
��<B<�&&& �$,�B $=,44 0�,%1
$<1<$%%% �4,$% $0,4� 0�,%0
=<$<$%%% �$,4% $=,$� 0�,0%
B<B<$%%% �0,4% $4,$� 0�,2%

��<B<$%%% ��,4� $2,$% 0%,12
$<B<$%%� �$,0% $=,�� 0%,12
=<4<$%%� �$,%� $=,=% 0%,0=
B<1<$%%� �%,4= $1,�2 0%,1B

��<2<$%%� �%,&2 $2,== 0%,1B
$<=<$%%$ ��,&= $=,=2 0%,12
=<2<$%%$ �$,$2 $=,$= 0%,11
B<=<$%%$ �$,0$ $=,%& 0%,12

��<0<$%%$ �%,&= $2,=2 0%,1B
$<0<$%%4 �%,1& $2,1$ 0%,10
=<=<$%%4 �%,41 $1,�0 0%,1=
B<0<$%%4 �%,&� $2,2% 0%,11

��<4<$%%4 �$,4% $=,$� 0%,1=
$<4<$%%0 �4,=4 $4,&B 0%,11
=<4<$%%0 �4,=� $0,%% 0%,1B
B<4<$%%0 �4,�0 $0,41 0%,12

��<�<$%%0 �%,4= $1,�2 0%,1=
$<1<$%%= ��,1$ $=,1& 0%,1=
=<$<$%%= &,&& $1,=$ 0�,1B
B<�<$%%= �%,&B $2,=4 0%,1B

�%<4�<$%%= B,0= $&,%2 0%,1B
�<4%<$%%2 B,&% $B,2� 0%,1B
=<�<$%%2 �%,22 $2,B= 0%,12

1<4�<$%%2 �$,2% $0,&� 0%,12
��<�0<$%%2 �0,4% $4,$� 0%,B$

$<2<$%%1 �4,0� $0,�% 0%,B&
=<1<$%%1 �0,1� $$,B% 0%,B$

B<�%<$%%1 �$,01 $=,%0 0%,==
��<=<$%%1 ��,4% $2,$� 0%,B$
�<4�<$%%B �$,0$ $=,%& 0%,B4
0<4%<$%%B �$,0B $=,%4 0%,B�
B<=<$%%B �0,�0 $4,41 0%,B0

��<0<$%%B �4,%1 $0,00 0%,B4
$<4<$%%& �0,%% $4,=� 0%,B�
=<0<$%%& �$,4= $=,�2 0%,B4
B<0<$%%& �%,2% $2,&� 0%,B$

��<$<$%%& ��,�$ $2,4& 0%,B$

ft = feet
msl = above mean sea level
btoc = below top of casing 27
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Table 1
Well Measurements

KBA-11-36 B<$<�&&& 41,&� �0,40 $4,=1 0%,%% 0�,21
��<B<�&&& �$,B0 $=,%1 0�,2=
$<$0<$%%% �0,%$ $4,B& 0$,=%
=<0<$%%% �$,&% $=,%� 0�,0%

B<�=<$%%% �0,2% $4,4� 0�,0%
��<B<$%%% �$,%$ $=,B& 0�,2$
$<�$<$%%� �4,%1 $0,B0 0�,4&
=<0<$%%� �$,21 $=,$0 0�,4&
B<1<$%%� �%,&= $2,&2 0�,4&

��<2<$%%� ��,=2 $2,4= 0�,4B
$<=<$%%$ �$,=1 $=,40 0�,42
=<2<$%%$ �$,B= $=,%2 0�,4=
B<=<$%%$ �$,&1 $0,&0 0�,42

��<0<$%%$ ��,=1 $2,40 0�,4B
$<0<$%%4 ��,0� $2,=% 0�,40
=<=<$%%4 ��,%% $2,&� 0�,42
B<0<$%%4 ��,0B $2,04 0�,4B

��<4<$%%4 �$,B1 $=,%0 0�,41
$<4<$%%0 �0,%B $4,B4 0�,42
=<4<$%%0 �0,%4 $4,BB 0�,4B
B<4<$%%0 �4,1% $0,$� 0�,4B

��<�<$%%0 �%,&B $2,&4 0�,0%
$<1<$%%= �$,4% $=,2� 0�,0%
=<$<$%%= �%,=1 $1,40 0�,0�
B<�<$%%= ��,2% $2,4� 0�,4&

�%<4�<$%%= &,�% $B,B� 0�,4&
�<4%<$%%2 &,=� $B,0% 0�,4&
=<�<$%%2 ��,4� $2,2% 0�,4B

1<4�<$%%2 �4,�B $0,14 0�,4B
��<�0<$%%2 �0,B4 $4,%B 0�,00

$<2<$%%1 �4,&� $0,%% 0�,0=
=<1<$%%1 �=,$4 $$,2B 0�,0�

B<�%<$%%1 �$,&0 $0,&1 0�,04
��<=<$%%1 ��,BB $2,%4 0�,0$
�<4�<$%%B �$,&= $0,&2 0�,0=
0<4%<$%%B �4,%0 $0,B1 0�,04
B<=<$%%B �0,2B $4,$4 0�,0=

��<0<$%%B �4,2% $0,4� 0�,04
$<4<$%%& �0,=� $4,0% 0�,00
=<0<$%%& �$,&� $=,%% 0�,04
B<0<$%%& ��,�1 $2,10 0�,04

��<$<$%%& ��,12 $2,�= 0�,04

ft = feet
msl = above mean sea level
btoc = below top of casing 28
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Table 1
Well Measurements

KBA-11-37 B<�2<�&&& $2,$2 0,�= $$,�� 4B,=% 4B,=1
��<&<�&&& $,B2 $4,0% 4B,02
$<B<$%%% 4,$% $4,%2 4B,0%
=<0<$%%% $,0% $4,B2 4B,$%
B<&<$%%% 0,�% $$,�2 4B,2%

��<B<$%%% $,12 $4,=% 4%,$%
$<1<$%%� $,&2 $4,4% 4B,�B
=<$<$%%� 4,%% $4,$2 4B,$%
B<1<$%%� �,41 $0,B& 4B,$�

��<2<$%%� $,04 $4,B4 4B,�&
$<=<$%%$ $,B$ $4,00 4B,�B
=<2<$%%$ 4,$B $$,&B 4B,�&
B<=<$%%$ $,B0 $4,0$ 4B,�&

��<0<$%%$ $,$& $4,&1 4B,$%
$<0<$%%4 $,$4 $0,%4 4B,$$
=<=<$%%4 �,&= $0,4� 4B,$%
B<0<$%%4 $,%4 $0,$4 4B,$�

��<4<$%%4 $,B& $4,41 4B,$%
$<4<$%%0 4,04 $$,B4 4B,�&
=<4<$%%0 4,00 $$,B$ 4B,$$
B<4<$%%0 4,B% $$,02 4B,$%

��<�<$%%0 �,&2 $0,4% 4B,$%
$<1<$%%= $,00 $4,B$ 4B,$%
=<$<$%%= �,�2 $=,�% 4B,$�
B<�<$%%= $,$B $4,&B 4B,$$

�%<4�<$%%= %,1& $=,01 4B,$$
�<4%<$%%2 %,1� $=,== 4B,$$
=<�<$%%2 $,4$ $4,&0 4B,$�

1<4�<$%%2 4,�= $4,�� 4B,$�
��<�0<$%%2 0,$B $�,&B 4B,$=

$<2<$%%1 4,%% $4,$2 4B,$=
=<1<$%%1 0,00 $�,B$ 4B,$1

B<�%<$%%1 $,$4 $0,%4 4B,$B
��<=<$%%1 $,�$ $0,�0 4B,$0
�<4�<$%%B $,2B $4,=B 4B,$=
0<4%<$%%B $,&1 $4,$& 4B,$0
B<=<$%%B 0,22 $�,2% 4B,$0

��<0<$%%B 4,�1 $4,%& 4B,$1
$<4<$%%& 4,1B $$,0B 4B,$&
=<0<$%%& $,B� $4,0= 4B,$2
B<0<$%%& �,00 $0,B$ 4B,$=

��<$<$%%& $,44 $4,&4 4B,$1

ft = feet
msl = above mean sea level
btoc = below top of casing 29
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Table 1
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PS-2 B<�1<�&&& 4$,1� &,2% $4,�� 4&,01 4&,2%
��<B<�&&& 1,B% $0,&� 41,01
$<1<$%%% B,B% $4,&� 42,B%
=<0<$%%% 1,$% $=,=� 42,B%
B<B<$%%% &,&% $$,B� 41,=%

��<B<$%%% B,B= $4,B2 42,B2
$<1<$%%� B,%2 $0,2= 41,$0
=<$<$%%� 1,1$ $0,&& 41,�&
B<1<$%%� =,&1 $2,10 41,$0

��<2<$%%� 2,2B $2,%4 41,$0
$<=<$%%$ 1,2� $=,�% 41,$$
=<2<$%%$ B,%% $0,1� 41,$%
B<=<$%%$ B,%� $0,1% 41,$�

��<0<$%%$ 2,12 $=,&= 41,$%
$<0<$%%4 2,2= $2,%2 41,$4
=<=<$%%4 2,$$ $2,0& 41,�=
B<0<$%%4 2,=% $2,$� 41,$=

��<4<$%%4 1,24 $=,%B 41,$0
$<4<$%%0 &,$% $4,=� 41,$0
=<4<$%%0 &,�B $4,=4 41,$%
B<4<$%%0 B,1% $0,%� 41,$�

��<�<$%%0 2,$% $2,=� 41,$=
$<1<$%%= 1,4% $=,0� 41,$=
=<$<$%%= =,21 $1,%0 41,$2
B<�<$%%= 2,1$ $=,&& 41,�1

�%<4�<$%%= %,1& 4�,&$ 4B,$$
�<4%<$%%2 0,1& $1,&$ 41,1�
=<�<$%%2 2,2� $2,�% 41,2&

1<4�<$%%2 B,&& $4,1$ 41,2&
��<�0<$%%2 �%,%2 $$,2= 41,1=

$<2<$%%1 B,&4 $4,1B 41,11
=<1<$%%1 �%,0= $$,$2 41,1=

B<�%<$%%1 1,2$ $=,%& 41,1B
��<=<$%%1 1,%% $=,1� 41,12
�<4�<$%%B B,%% $0,1� 41,1B
0<4%<$%%B B,�0 $0,=1 41,B%
B<=<$%%B &,1$ $$,&& 41,B%

��<0<$%%B B,21 $0,%0 41,B$
$<4<$%%& &,=1 $4,�0 41,B�
=<0<$%%& B,%$ $0,2& 41,14
B<0<$%%& 2,�4 $2,=B 41,B�

��<$<$%%& 2,&4 $=,1B 41,B0

ft = feet
msl = above mean sea level
btoc = below top of casing 30
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Dissolved
Oxygen
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KBA-11-02 ��<&<�&&& 2 $4,0 =,&0 !�2% %,=$1 4 %,=�
$<0<$%%% 4 $$,1 = !$=B %,2%0 �$ �,1
=<4<$%%% 2 $$,= 2,B /� %,00 �% $,4
B<B<$%%%

��<B<$%%% 2 $4,1 2,2$ !�B& %,4$= 1 %,21
$<2<$%%� 2 �B,& 2,4= !$== %,404 �� %,%1
=<�<$%%� 2 $$ 2,� !B0 %,$12 2 B,==
B<B<$%%� 2 $2,& 1,%& !$0$,$ %,$0B �% &,2=

��<1<$%%� B $$,1 2,2& !=& %,4�1 %,1 4,=&
$<2<$%%$ 2 $%,&2 2,=� !B= %,$%2 %,0 %,&1
=<1<$%%$ B $$,� 2,0$ !�%= %,�21 =,4� %
B<2<$%%$ 2 $1,&1 B,=$ !4& %,4= =,� 4,BB

��<=<$%%$ B $0,=B 2,�0 !01 %,B%B !�,& =,�1
B<$<�&&& 2 $=,2 =,�0 !$$� %,4%0 $ /�

��<0<$%%4 B $0,$$ 2,2$ !=2 %,4=1 !2,1 =,0�
��<$<$%%0 B $0 2,B$ !�$B %,$20 =,= 2,2=

KBA-11-10B B<B<$%%% 2 $= 2,4 !2= %,$&= �$ %,%0
B<&<$%%� 2 $0,� 2,�2 !$$$,2 %,4�1 = &,&&
B<1<$%%$ B $=,B$ B,41 !$4 %,4$B 2,B 4,&2
B<=<$%%4 B $0 =,2 !2% %,$=$ %,& $,%4
=<0<$%%0 B $�,$& =,=4 !�$% %,$&4 �0,1 0,B4
=<4<$%%= B $$,%2 =,B2 !14 %,�BB =,0 0,2&
=<0<$%%2 B $$,=% 2,�4 !$2 %,4B4 !�,& �%,2$
=<&<$%%1 B $�,2B =,=2 !&2 %,$%� �,2 0,&0
=<=<$%%B B $$,4B =,01 !1$ %,=%2 �,� 4,&=
=<=<$%%& B $0,1% =,0= !11 %,04$ $,� 0,�0

KBA-11-11A B<�%<$%%% 2 $$,& 2 !�B %,%1� 0 %,%�
B<B<$%%� B $$,B =,20 !$�2,2 %,%1& �% B,2
B<2<$%%$ B $0,%$ 1,0= 4 %,%10 %,0 4,21
=<2<$%%4 B $�,B =,=2 !4& %,%2 �4,� 4,=&
=<=<$%%0 B $%,12 =,00 !$4 %,%=& !�% 2,2�
=<0<$%%= B $�,$0 =,02 & %,%40 =,$ =,1B
=<4<$%%2 B $�,2� 2,%= B2 %,%0& !0,� 1,2
=<B<$%%1 B $%,12 =,�& �= %,%41 �,4 4,&%
=<�<$%%B B $�,=4 =,�2 21 %,%2% �%,%� 4,&$
=<2<$%%& B $�,11 =,4% !1 %,%=0 =,0 �,0$

Table 2
Well Purge Parmeters
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KBA-11-13A B<4<�&&& 2 $0,4 =,= !$�% %,024 �1 /�
��<&<�&&& B $4 =,=0 !�0$ %,021 $ %,1B
$<0<$%%% B $$,4 2,2B !$�1 %,=%4 �% �,�1
=<4<$%%% 2 $0,= 2,0 !��4 %,=2� �% �,�

B<�%<$%%% 2 $4,1 2,$ !0B �,4= � %,��
��<B<$%%% 2 $0,4 =,0 !B� �,4 0 %,0
$<B<$%%� 2 $4,B 0,B !$11 �,B B %,4�
=<4<$%%� 2 $$,B 0,1= !12 $,�2 �,& B,=
B<B<$%%� B $=,$ 0,&B !�22,B $,4B & &,%=

��<1<$%%� 2 $4,4 0,&1 !�% �,1= %,2 4,=4
$<2<$%%$ B $0,� 0,B= !0$ �,B =,B =,BB
=<B<$%%$ B $4,B& 0,02 !�2 �,22 B,4 %
B<2<$%%$ B $2,21 2,1 2& �,B$ 4$,1 $,=�

��<2<$%%$ B $4,B =,B0 !$ �,1$ �2,B 4,=1
$<=<$%%4 B $$,$ 0,40 !2$ �,$� 1,44 4,0�
=<2<$%%4 B $4,4 0,$1 =1 �,$0 ��4 $,24
B<2<$%%4 B $0,4 0,$= �%$ %,&$B ��,0 4,42

��<=<$%%4 B $0,4 0,$4 �B �,%$ �42 4,41
$<0<$%%0 B $0,%B 0,$ % �,%2 �% 2,=&
=<=<$%%0 B $$,20 0,$ 2% �,%1 2,&B 0,=$
B<0<$%%0 B $=,$% 0,$ �4$ %,&0% 04,0 $,=&

��<4<$%%0 B $0,�� 0,�& �& %,20= 0B,2 ��,20
$<&<$%%= B $�,14 0,40 &2 %,=�2 !2 1,1
=<0<$%%= B $$,=1 0,$$ 40 %,0=0 2=,B 0,�&
B<4<$%%= B $0,%$ 1,�=� != %,0&� �,1 2,&4
&<1<$%%= 0 $4,0= 0,4� �4 %,4%1 �,4 2,0%

��<$<$%%= B $4,01 0,$0 �= %,=$$ =4,0 4,%$
$<�<$%%2 B $%,B� 0,4� 4& %,$1$ !�% 2,2&
=<4<$%%2 B $0,�& 0,=� 2� %,=21 =4,& 2,&
B<4<$%%2 B $4,2B 0,01 !�% %,=4% �$,0 4,$=

��<�2<$%%2 B $$,0B 0,00 !4$ %,=42 �%,%� 4,B&
$<1<$%%1 B $$,B1 0,$0 !2� %,0%4 =,� 4,4=
=<B<$%%1 B $4,$B 0,4� !=4 %,�&1 $,$ 0,�0

B<�0<$%%1 B $$,04 0,$$ !2� %,01% =,0 4,�=
��<1<$%%1 B $$,%0 0,$4 !�$ %,02% �%,= 0,$1
$<0<$%%B B $0,40 0,42 !B% %,4&& �2,1 0,%$
=<�<$%%B B $4,=2 0,�1 !�$ %,=%$ �4,� 0,&�
B<2<$%%B B $2,$0 4,&2 !�& %,01� �%,%� $,%=

��<=<$%%B B $�,&2 0,�= !0$ %,42B �=,0 4,01
=<2<$%%& B $0,�2 0,0= !00 %,0%1 �%,& 0,2&
B<=<$%%& B �=,$���� 0,$0 !$0 %,42$ B2,= 0,BB

��<0<$%%& B $4,&0 0,=$ !=2 %,4&& �%,� $,40
KBA-11-13B B<4<�&&& B $0,& 1,�= !04 %,$21 �%,� /�

B<B<$%%% 2 $0,4 1,= !41 %,$0� $ %,%1
B<B<$%%� 2 $0,= B,�� !$04,4 %,$& %,B= �%,$�
B<1<$%%$ B $2,4 B,12 !0� %,40� 4,� 4,=4
B<=<$%%4 B $4,&% B !�04 %,$== �,& 0,11

KBA-11-15 B<4<�&&& 2 $= 0,& !�B$ %,211 & /�
$<1<$%%% 1 $%,B =,%0 !4�4 %,=42 = �,04
B<&<$%%% 2 $0,$ =,1 !&� %,2&0 4 %,�4
B<&<$%%� 2 $$,1 =,& !$%0,B %,&1 �% B,B4
B<1<$%%$ B $0,=1 1,2$ $0 %,11= $,1 =,=0
B<=<$%%4 B $4,0% =,2 !0% %,02B %,= =,2
0<B<$%%& B $%,$B 2,B2 !40 �,4% %,B 0,==

��<4<$%%& B $$,$2 =,1� !$$ %,&$� �%,� 4,=2

ft = feet
msl = above mean sea level
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KBA-11-16 B<4<�&&& 1 $2,B 0,12 !��� %,�1� 4= /�
��<&<�&&& B $0 0,B& !�%0 %,$24 $% %,=1
$<1<$%%% 1 $$,B =,0 !$1= %,420 B �,%&
=<0<$%%% 2 $4,2 2,� /� %,�02 �% 4,1
B<&<$%%% 2 $0,2 =,2 !21,1 %,44� � %,%2

��<B<$%%% 2 $=,%$ =,%$ !�%$ %,4%$ 0 %,�=
$<2<$%%� 2 $4,0 0,&$ !��� %,40= $ %,%4
=<$<$%%� 2 $4,� 0,�1 !�$4 %,0�� 1 1,4
B<&<$%%� B $0,0 =,=B !$0B,� %,4&0 0 B,2B

��<1<$%%� B $4,2 0,1& !=0 %,4B1 0,B %,B
$<2<$%%$ 2 $0,20 0,&0 !�0% %,$B %,1 $,4
=<1<$%%$ 2 $0,0� 0,B� !�1% %,�BB 2,= %
B<1<$%%$ B $1,00 B,42 !0= %,00& �,� �%,0=

��<=<$%%$ B $=,$& =,B$ !�01 %,44& !%,4 0,4
$<=<$%%4 B $%,B% =,$$ !�&& %,4$2 0,= 0,&$
=<=<$%%4 B $4,= =,$ !�1% %,42& 2%,B $,4B
B<2<$%%4 B $0,2% =,$2 !�=% %,$&& �,1 4,$B

��<0<$%%4 B $=,=% =,$= !�0B %,$11 $,0 B,21
$<0<$%%0 B �&,�� =,$2 !�&% %,4%2 $,0 �2,�&
=<0<$%%0 B $4,4% =,�� !�&0 %,44$ B,20 $,&�
B<0<$%%0 B $2,4% =,�& !�11 %,0%4 0,$ 4,42

��<$<$%%0 B $=,&1 =,�2 !�=2 %,$�& $$,& 4,%B
$<B<$%%= B $4,20 =,$= !�B1 %,$%$ �$,$ &,$0
=<4<$%%= B $=,$2 =,42 !�%2 %,$$ $%,0 4,$2
B<$<$%%= B $0,22 &,0B� !�01 %,$22 %,= 0,4
&<1<$%%= 0 $0,B$ =,2� !2= %,�%% 4,2 2,�2

��<�<$%%= B $=,=2 0,=� !�2� %,4$2 $&,$ 4,$1
�<4�<$%%2 B $�,B& =,40 !�02 %,�B% �4,2 =,22
=<0<$%%2 B $0,42 =,B1 !BB %,4== �&,4 �2,4
B<$<$%%2 B $=,$$ =,%= !1% %,41B �=,1 $,12

��<�=<$%%2 B $0,1B =,%0 !��% %,4B% 4=,B $,&0
$<1<$%%1 B $$,4B =,%= !�$2 %,4�4 �%� $,&%
=<&<$%%1 B $4,B4 =,$4 !��1 %,�1$ $2,B 0,42

B<�4<$%%1 B $4,1� =,%0 !�40 %,41B �%,� 4,41
��<2<$%%1 B $=,&1 =,%B !=B %,41� $,0 $,11
$<0<$%%B B $4,22 =,$$ !�$1 %,4=B %,1 4,0B
=<=<$%%B B $0,&% =,�0 !B4 %,0=& $,2 4,$&
B<2<$%%B B $2,%$ 0,B= !�& %,04= �%,� $,0B

��<=<$%%B B $4,B$ =,%4 !22 %,4=0 �,B 4,14
$<0<$%%& B $%,1� =,%1 !�0 %,4B& �%,� 0,0B
=<=<$%%& B $=,10 =,$� !== %,0%2 $,4 0,4$
B<=<$%%& B �1,=%��� =,�$ !=� %,4B& =,1 0,$�

��<0<$%%& B $=,2� =,4= !&4 %,01& �%,B $,==
KBA-11-17B B<4<�&&& B $0,1 0,0B !��$ %,��B 2 /�

$<1<$%%% 1 $�,& =,0 !$B1 %,�4= 4 �,%B
B<&<$%%% 2 $0,4 2,B !�%� %,%14 $ %,%�
B<&<$%%� 2 $4,2 =,02 !�1B,0 %,��B �% B,1
B<1<$%%$ B $=,BB 1,�0 =B %,=B4 $ 4,4=
B<=<$%%4 B $0,&% 0,&� !� %,44� %,= 4,&B
0<B<$%%& B $$,%4 2,�0 !44 %,�&% %,= 4,&&

��<0<$%%& B $4,40 =,%4 != %,01$ �%,� 4,B4
KBA-11-20 0<B<$%%& B $$,1& 2,=2 !=B %,41$ �%,� 0,=4

��<4<$%%& B $0,$1 =,�B !=2 %,$=$ �%,� $,1=
KBA-11-21 0<B<$%%& B $$,4% 2,%0 !�= %,�&4 %,0 0,24

��<4<$%%& B $0,0= 0,&4 !� %,�B0 &,� 4,2=

ft = feet
msl = above mean sea level
btoc = below top of casing 33
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(gal)
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(oC)

pH ORP
(mV)
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(NTU)
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Oxygen
(mg/L)

Table 2
Well Purge Parmeters

KBA-11-34 B<4<�&&& 2 4%,= 4,$ !4%% $,42 �4 /�
��<&<�&&& B $1,$ 4,=B !�40 $,$2 & %,00
$<1<$%%% B $0,& $,B� !�B0 $,�& & $,04
=<0<$%%% 2 $=,B 4,& !��& �,42 �% =,B=
B<B<$%%% 2 $1,B 4,1 !4�= �,1B 4B %,%$

��<B<$%%% 2 $2,%4 4,=� !�B& �,14 00 �,14
$<B<$%%� 2 $2,& 4,B !$0& �,2& 0 %,%2
=<4<$%%� B $=,$ 4,BB !��4 �,0B 4 2,&2
B<&<$%%� 2 $1,= 0,4= !�=$,= �,%1 �$ B,11

��<1<$%%� 2 $=,4 4,1 !0%0 %,2=$ 0,1 �&,&&
$<2<$%%$ 2 $B,%B 4,0= !4$$ �,$B %,= B,0=
=<B<$%%$ B $1,�$ 4,2= !$2% �,� 0,= %
B<B<$%%$ B $1,B& =,%= ��$ �,%$ =,4 4,4$

��<=<$%%$ B $2,B4 0,B= &1 %,&�4 %,4 0,&=
$<=<$%%4 B $0,4 4,&0 !�2� %,1B4 0$,0 $,20
=<=<$%%4 B $2,4 4,&1 $�% %,B&B 42,4 %,1
B<2<$%%4 B $=,$ 0,=� 41 %,2%4 B,2 4,%�

��<0<$%%4 B $2,%$ 0,$= 41 %,01 01,1 4,2
$<0<$%%0 B �B,%$ 0,0& !$2 %,=%0 $,4 �2,41
=<0<$%%0 B $4,&� 0,=� !40 %,=%& 01,� 0,&B
B<0<$%%0 B $0,0% 0,1� !=$ %,111 �0� 0,=$

��<$<$%%0 B $=,�= 0,1� !21 %,4= && B,1�
$<B<$%%= B $4,&% 0,&1 !&� %,$& &,4 B,$1
=<0<$%%= B $4,04 =,� !2� %,$B $2,& 0,1$
B<$<$%%= B $0,$� B,B&� !BB %,4=0 �0,B 0,$4
&<1<$%%= 0 $0,0� =,�& !B= %,$0� 10,4 B,12

��<$<$%%= B $4,=0 0,12 !B% %,41& 0�,$ $,=&
�<4�<$%%2 B $$,1B =,40 !0% %,�1$ �%,� 2,=1
=<0<$%%2 B $0,0� =,2 !$B %,40= �1,% ��
B<$<$%%2 B $0,1% =,4� !44 %,40$ 4%,= 4,=&

��<�=<$%%2 B $0,�0 =,$1 !2= %,4=2 B,� 4,$=
$<1<$%%1 B $%,24 =,41 !&& %,4%B �%,� 4,24
=<&<$%%1 B $$,21 =,4% !B2 %,�2= 0,$ $,B2

B<�4<$%%1 B $$,2B 0,&4 !B0 %,414 �%,� �,B%
��<2<$%%1 B $$,21 =,42 !=2 %,4&1 $B,= 4,2=
$<0<$%%B B $$,�2 =,24 !12 %,4=$ $4,0 0,��
=<2<$%%B B $4,01 =,0& !=� %,02$ $1,0 0,%B
B<2<$%%B B $0,%� =,$4 !00 %,0$2 �%,� 4,%B

��<=<$%%B B $�,&� =,00 !=4 %,4�= 4,$ 0,%B
$<0<$%%& B $%,$B =,4� !$B %,402 �,1 $,B$
=<=<$%%& B $4,=2 =,=& !=� %,4== �4,� 4,$&
2<$<$%%& B $4,1B =,=� !B %,4&% %,$ =,21
B<=<$%%& B �1,4���� =,=4 !0$ %,4%$ 0,B 4,20

��<4<$%%& B $$,2& =,2= !02 %,401 �,2 $,�0

ft = feet
msl = above mean sea level
btoc = below top of casing 34
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Turbidity
(NTU)
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Table 2
Well Purge Parmeters

KBA-11-37 B<�2<�&&& & $=,= =,=$ !$$1 %,=�1 �= /�
��<&<�&&& B $0,$ =,41 !$%% %,=14 �$ %,02
$<B<$%%% B $�,4 2,� !4$4 %,=2$ 2 �,0=
=<0<$%%% 2 $0 2,4 /� %,=�1 �% �,1=
B<&<$%%% 2 $0,2 2,$ !��& %,==� 4 %,%4

��<B<$%%% 2 $2,$ =,21 !14 %,=44 0,4 %,B2
$<1<$%%� 2 $$,= =,= !14 %,==& & %,�
=<$<$%%� B $0,$ =,0� !�4& %,=&= 4% B,==
B<&<$%%� 2 $=,= 2,$B !$0B,B %,=B1 �% &,2�

��<1<$%%� B $4,1 =,=1 !1$ %,2�B %,= �,1=
$<=<$%%$ 2 $0,2B =,=2 !�01 %,4&= %,1 �,$1
=<1<$%%$ 2 $0,�= =,01 !�== %,$4� 2,%� %

��<=<$%%$ B $0,&= =,&2 !�$% %,42= $,$ 4,$%
$<=<$%%4 B $�,� =,&0 !�0B %,4�% $,= =,%&
B<2<$%%4 B $0,1 =,B4 !��0 %,4 1,4 $,&$

��<0<$%%4 B $0,20 =,2& !�$= %,4�$ 0,0 $,0B
$<0<$%%0 B �B,%B =,1$ !�22 %,44$ �B,& �%,22
=<0<$%%0 B $0,�B =,B4 !�$= %,4BB 2,% 0,B$
B<0<$%%0 B $=,4% =,B% !B2 %,0&� $2,& 0,&4

��<$<$%%0 B $0,2& =,20 !�$4 %,$B$ 0,� 0,�=
$<B<$%%= B $$,40 =,B& !��4 %,$01 �$,B 1,=$
=<4<$%%= B $4,0% 2,%0 !&% %,$0& $,4 0,&1
B<$<$%%= B $0,B� &,�&� !��0 %,4$B �,= 4,&B
&<1<$%%= 0 $0,0� =,B4 !�%4 %,$42 4,2 2,�1

��<�<$%%= B $0,=$ 0,21 !��0 %,41& &,4 $,1�
�<4�<$%%2 B $%,&� =,B0 !&2 %,$%0 $,$ 0,2=
=<0<$%%2 B $0,�2 2,0B !B= %,0%� 2,$ ��
B<$<$%%2 B $0,10 =,10 !0= %,0�4 4,2 $,&1

��<�=<$%%2 B $0,�% =,22 !��1 %,04� $,= �,1=
$<1<$%%1 B $$,%4 =,10 !�$$ %,$=� �%,� 4,=&
=<&<$%%1 B $4,�& =,B0 !�$1 %,44$ 2,� 4,B&

B<�4<$%%1 B $0,&4 =,20 !�%0 %,4%4 �%,� 4,21
��<2<$%%1 B $0,=0 =,B4 !B% %,4B0 �%,� 4,1�
$<0<$%%B B $$,B� 2,%= !��2 %,4$& $,2 0,�&
=<=<$%%B B $0,4% =,B& !&$ %,04$ �%,� 4,&1
B<2<$%%B B $2,4� =,2$ !B� %,41& �%,� 4,0�

��<=<$%%B B $4,$$ =,&0 !11 %,4$& %,4 0,$�
$<0<$%%& B $%,$� =,=0 !4% %,41% �%,� 4,0�
=<=<$%%& B $0,=4 =,&$ !12 %,4&% �,� $,B1
B<=<$%%& B �1,%%��� =,&= !1% %,4�= �,= 4,4=

��<4<$%%& B $=,�0 2,%B !�%B %,41� 1,2 4,�$

ft = feet
msl = above mean sea level
btoc = below top of casing 35



Quarterly Groundwater Monitoring Report
Site 11, SUBASE Kings Bay

October - December 2009

Well
Identification Date

Volume
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(oC)

pH ORP
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(NTU)
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Table 2
Well Purge Parmeters

PS-2 B<�B<�&&& 1 $4,$ 0,&= !$�4 %,4B� �% /�
��<&<�&&& B $$ 0,B1 !�00 %,424 $ %,4=
$<1<$%%% B �&,= 0,&4 !4B1 %,4== �% �,04
=<4<$%%% 2 $�,2 =,1 /� %,4�1 �% �,4
B<B<$%%% 2 $4 = !�%B %,4 $ %,%0

��<B<$%%% 2 $0,$ =,0 !&$ %,$&B 0 %,0B
$<1<$%%� 2 �1,1 =,$0 !&% %,$& 4 %,%4
=<$<$%%� B $�,1 =,0$ !�$4 %,4$1 � 1,B
B<&<$%%� 2 $4,� =,B !$$4,= %,4�B = &,B0

��<1<$%%� B $�,$ =,%2 !44 %,440 %,$ �,20
$<2<$%%$ 2 $$,B= =,$0 !�$% %,$B2 %,1 %,B
=<2<$%%$ 2 $$,� 0,&B !�%= %,�24 &,& %

��<=<$%%$ B $$,== =,2� $ %,4�$ 1,4 0,2$
$<=<$%%4 B $%,0% =,0B !�2% %,4$= 4,& $,�%
=<=<$%%4 B $4,2 =,=$ !�=% %,41$ 02,$ �,=
B<=<$%%4 B $$,&% =,== !��= %,$&4 $&,& 4,00

��<0<$%%4 B $$,1� =,0= !�%% %,$10 �4,B 4,20
$<0<$%%0 B �0,&$ =,02 !�4 %,400 &,$ =,00
=<0<$%%0 B $0,�B =,B4 !�$= %,4BB 2,%2 0,B$
B<0<$%%0 B $$,0% =,02 !�$B %,=0& �$= 4,1B

��<$<$%%0 B $$,02 =,�= !�$4 %,$=$ $0,0 B,B=
$<B<$%%= B $%,== =,=$ !�44 %,$4& �0,& 1,&2
=<4<$%%= B $%,=$ =,=4 !01 %,$4& �,4 =,=�
B<$<$%%= B $$,=& &,0%� !�4� %,$&B 2,= $,==
&<1<$%%= 0 $$,�& =,0% !1B %,$0= 4,B 2,4=

��<�<$%%= B $$,%� 0,B$ !&$ %,4=$ �4,2 4,20
�<4�<$%%2 B �&,4� =,20 !B= %,$�= �4,2 =,41
=<4<$%%2 B $4,4$ =,== !�4 %,041 $=,4 1,BB
B<$<$%%2 B $$,41 =,=2 !$B %,0$2 �$,= 0,%B

��<�=<$%%2 B $�,2& =,0� !&= %,0$B �0,$ 4,4%
=<B<$%%1 B $$,B0 =,4= !��2 %,$%0 $,1 4,2B
=<=<$%%B B $4,0$ =,=$ !B1 %,==0 �B,2 0,%%
=<2<$%%& B $4,%� =,01 !�%= %,=%� �%,2 0,42

* pH data in August 2005 is suspect due to malfunctioning pH meter.
** DO reading not reported due to malfunctioning DO meter

ft = feet
msl = above mean sea level
btoc = below top of casing 36
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EXECUTIVE SUMMARY 

 Monitoring data collected over a ten-year period demonstrate that a plume of chlorinated 

ethene-contaminated ground water has contracted significantly following treatment of the 

contaminant source area using in-situ chemical oxidation (ISCO) and vegetable-oil injection.  

Prior to ISCO treatment, concentrations of perchloroethene (PCE) exceeded 4,500 micrograms 

per liter (�g/L) in a contaminant source area associated with an abandoned municipal landfill in 

Kings Bay, Georgia.  The plume emanating from this source area was characterized by vinyl 

chloride (VC) concentrations exceeding 800 �g/L.  In-situ oxidation using Fenton’s Reagent 

beginning early in1999 lowered PCE concentrations in the source area  below 100 �g/L, and 

PCE concentrations have not rebounded above this level since treatment.  In the ten years 

following treatment, VC concentrations in the plume have decreased significantly.  These 

concentration declines can be attributed to the movement of Fenton’s Reagent-treated water 

downgradient through the system and the significant natural attenuation capacity of this naturally 

anoxic aquifer.  The Fenton’s-treated water arrived at the first line of USGS monitoring wells at 

the time of the first ISCO treatment (1999), leading to an immediate and sharp decrease in 

contaminant concentrations.  The Fenton’s-treated water arrived at the second line of monitoring 

wells in 2000, again leading to rapid lowering of trichloriethene (TCE), cis-dichloroethene 

(DCE), and VC concentrations.   The Fenton’s-treated water arrived at the third line of 

monitoring wells in early 2004, coinciding with a more gradual decreases in contaminant 

concentrations.  The results of this study suggest that source-area removal actions, particularly 

when applied to ground-water systems that have a significant natural attenuation capacity, can be 

effective in decreasing the areal extent and contaminant concentrations of chlorinated ethene 

plumes. 
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INTRODUCTION 

 A combination of source-area removal by Fenton’s Reagent in-situ chemical oxidation 

(ISCO), vegetable oil injection, and natural attenuation has been selected by the Southern 

Division NAVFACENGCOM and by the Georgia Department of Environmental Protection as 

corrective actions for chlorinated ethene-contaminated ground water at the Old Camden County 

Landfill, Naval Submarine Base, Kings Bay, Georgia.  A comprehensive sampling and analysis 

program is being conducted by the U.S. Geological Survey to assess the effectiveness of this 

remedial strategy for remediating chlorinated ethene contamination in ground water.  This report 

summarizes the results of the tenth year (February, 2009 to September, 2009) of natural 

attenuation monitoring at this site.  
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METHODS AND MATERIALS 

Geology, hydrology, and site history

 The site is an abandoned landfill, known as the Old Camden County Landfill, located at 

the Naval Submarine Base (NSB) Kings Bay, Georgia.  A map of the site showing the location 

of the former contaminant source area and the locations of monitoring wells is shown in Figure 

1.  This site is underlain by sediments of back-barrier and barrier-island origin.  The most 

permeable sands underlying the site are between the depths of 10 and 13 meters below land 

surface, and record sedimentation of a prograding barrier island.  This permeable zone is 

underlain and overlain by finer-grained sands, clays, and organic-rich sediments of back-barrier 

origin that exhibit lower hydraulic conductivity.  Aquifer tests and slug tests at this site indicate 

that hydraulic conductivities of the permeable sands range from 0.6 to 10 m/d.  The lithology of 

these sands suggest that the permeable aquifer is characterized by higher hydraulic conductivities 

(K~10 m/d) relative to overlying and underlying sediments.  Because of its relative permeability, 

this sand aquifer is a preferential pathway for horizontal ground-water flow in this system and 

characterized by ground-water velocities in the range of 25 to 30 m/y.  The organic-rich back 

barrier sediments overlying the aquifer has the important effect of removing dissolved oxygen 

from recharge water and producing uniformly anoxic conditions in the permeable zone.  

 The Old Camden County landfill was used to dispose of municipal waste between 1974 

and 1981.  Trenches were excavated to a depth of between 2 and 3 meters, filled with waste, and 

covered with fill.  At some time during waste-disposal operations, PCE was released at the 

landfill.  The areal distribution of the PCE source area was previously identified by direct-push 

sampling of ground water and aquifer sediments (Chapelle and Bradley, 1998).   Prior to 1998, a 

discrete plume of chlorinated ethene-contaminated ground water was detected by direct push 
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methods  (ABB Environmental Services, Inc., 1997) and documented to flow from the source 

area toward the northwest.   

Water Chemistry Sampling 

 Ground-water samples for quantifying chlorinated ethenes and redox-sensitive 

parameters needed to assess the effectiveness of natural attenuation were collected quarterly 

between 1998 and 2009 from a network of plume monitoring wells (Fig. 1).  These small-

diameter (2.52 cm) monitoring wells were screened between 10 and 12 meters below land 

surface in the contaminant-bearing high-permeablility zone.  During sampling, three well 

volumes was purged with a peristaltic pump from each well.  The well was then sampled when 

stable measurements of water temperature, conductivity, pH, and turbidity were obtained.  

Samples for analysis of chlorinated ethenes (EPA method 8260B) were collected in 40-ml glass 

vials, preserved with HCl, and capped with Teflon-lined septa for transport to the laboratory.  

Dissolved hydrogen (H2) concentrations were measured using the gas-stripping procedure 

described in Chapelle et al. (1997).   Concentrations of dissolved Fe(II) and sulfide (Hach Co., 

1989), as well as dissolved oxygen (Chemetrics Inc.) were measured in the field using 

colorimetric methods.  Sulfate and chloride concentrations were measured using anion exchange 

chromatography with conductivity detection (Dionex Inc.).  Samples for the analysis of methane 

and dissolved inorganic carbon (DIC; the sum of dissolved carbon dioxide, bicarbonate, and 

carbonate species) were collected by filtering 2 mls of ground water (0.2 �m filters) into sealed 

10 ml serum vials.  In the laboratory, the water was acidified to pH~1 (converting all DIC 

species to carbon dioxide), and then carbon dioxide and methane in the headspace of the vial was 

measured using gas chromatography with thermal conductivity detection.  The amount of DIC 

and methane in ground water was then estimated from the measured headspace concentrations by 
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using the Henry’s law coefficient for the partitioning of methane and carbon dioxide between the 

gaseous and dissolved phases.  Determination of predominant terminal electron-accepting 

processes was based on consumption of electron acceptors such as dissolved oxygen and sulfate, 

production of final products such as ferrous iron, sulfide, and methane, and concentrations of the 

intermediate product hydrogen (Chapelle et al. 1995). 
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Results and Discussion

Monitoring Well Results 

 The locations of the USGS monitoring wells relative to the location of the contaminant 

source area as it existed prior to ISCO treatment are shown in Figure 1.  Ground-water chemistry 

parameters that indicate the efficiency of chlorinated ethene natural attenuation are shown in 

Tables 1-4, and data showing concentrations of chlorinated ethenes are shown in Tables 5-8.  

The following discussion highlights observed trends in concentrations of contaminants and 

effectiveness of natural attenuation at the site. 

 Concentrations of vinyl chloride (VC) in the plume as measured in August of 1998, prior 

to source area treatment by Fenton’s Reagent, are shown on Figure 2.  At that time, 

concentrations of VC in the plume exceeded 800 �g/L (well USGS-6), and were also high (683 

�g/L) in the plume adjacent to the neighborhood (well USGS-10).  In contrast, plume 

concentrations of VC in September of 2009, are shown on Figure 3 and are much lower.  

Concentrations of VC in water produced from well USGS-10 in September 2009 had decreased 

to 19 �g/L.  The highest VC concentrations observed (41 �g/L) were observed in water produced 

from well USGS-4. These results indicate a decrease in VC concentrations of more than an order 

of magnitude since 1998.  These results also demonstrate that the size of the plume has 

contracted significantly since treatment, and that concentrations of contaminants in the remaining 

plume have decreased significantly.   

 A more detailed evaluation of chlorinated ethene concentration changes in the plume 

after Fenton’s Reagent treatment can be made by considering water-chemistry trends at 

individual monitoring wells.  Concentration changes of sulfate and chlorinated ethenes over time 

measured at well USGS-3, which is representative of the monitoring wells closest to the Fenton’s 
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injection zone (Fig. 1), are shown in Figure 4.  Because sulfate is a component of Fenton’s 

Reagent, and because background concentrations of sulfate are relatively low at this site (0-10 

mg/L), sulfate is a useful tracer for ground water that has been impacted by Fenton’s-based ISCO 

treatment.  After ISCO treatment, concentrations of sulfate were observed to increase steadily for 

two years (Fig. 4A), and then, beginning in early 2001, to decline.  This indicates that a “pulse” 

of high-sulfate water, indicative of Fenton’s Reagent treatment, moved through the first line of 

monitoring wells soon after treatment.  Concurrent with increasing concentrations of sulfate, 

concentrations of VC (Fig. 4A), trichloroethene (TCE), and cis-dichloroethene (cis-DCE) were 

observed to decline below measurable levels (Fig. 4B).  These data demonstrate that Fenton’s 

Reagent treatment was effective in removing chlorinated ethenes from ground water, and that 

treated ground water moving downgradient from the treatment zone immediately began to shrink 

the plume (Fig. 3).   

 Concentrations of sulfate and chlorinated ethenes at well KBA-13A, which is 

approximately 25 meters downgradient of the first line of monitoring wells, shows a pattern 

consistent with the transport of Fenton’s Reagent-treated water progressively moving through the 

flow system over time.  For about one year, sulfate concentrations remained at background levels 

(~ 1 mg/L), and while concentrations of VC apparently decreased, they remained in the 20-60 

�g/L range.  In early 2000, sulfate concentrations began to rise rapidly, indicating the arrival of 

Fenton’s Reagent-treated ground water.  When sulfate concentrations peaked in mid-2001, 

concentrations of VC had decreased below detectable levels (Fig. 5A).  Concentration trends of 

TCE and cis-DCE show a more complex pattern (Fig. 5B).  When sulfate-bearing water arrived 

at KBA-13A, concentrations of TCE appeared to increase over pre-injection levels.  It wasn’t 

until late in 2001 when concentrations of TCE began to decrease significantly.  The pattern 
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exhibited by cis-DCE is similar to that of VC, showing continual concentration decreases after 

the arrival of sulfate. 

The second line of monitoring wells, located immediately downgradient of KBA-13A, 

also shows a time-dependent pattern of sulfate and chlorinated ethene concentration changes.  At 

well USGS-5, concentrations of sulfate began increasing in early 2002 (Fig. 6), peaked in late 

2003, and have trended downward since that time.  Concentrations of TCE were never 

measurable in water produced from USGS-5 due to the relatively efficient reductive 

dechlorination characteristic of this site (Chapelle and Bradley, 1998).  However, concentrations 

of cis-DCE, which declined in the same manner as VC concentrations prior to arrival of treated 

water, actually began to increase when treated water first reached well USGS-5 (Fig. 6). The 

concentrations of cis-DCE in USGS-5 have subsequently declined.   

Sulfate concentrations have not increased at well USGS-4 (Fig. 6) indicating that the 

Fenton’s-treated ground water is presently passing to the south of that well.  In the absence of the 

arrival of Fenton’s-treated ground water, concentrations of cis-DCE began increasing in the year 

2000, peaked in late 2005, and have subsequently decreased.  This indicates that the Fenton’s 

injection may have pushed untreated chlorinated ethene-contaminated water slightly to the north 

near the zone of injection, and that this untreated high cis-DCE water moved through well 

USGS-4 in a pulse (Fig. 6).  If that interpretation is correct, then a trend of decreasing cis-DCE 

concentrations should be observed as the untreated water moves through well USGS-4 over time.  

Consistent with this interpretation, concentrations of cis-DCE have been decreasing since 2004.  

Concentration trends at well USGS-4 will be closely monitored over the next year, and duplicate 

samples will be taken at each sampling event to document this continuing downward trend in cis-

DCE concentrations. 
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Concentration changes of chlorinated ethenes in the third line of monitoring wells are 

shown in Figure 7, and show a slightly different pattern.  Well USGS-9 shows a trend of steadily 

decreasing VC and cis-DCE concentrations, a trend observed in six of the seven downgradient 

monitoring wells.  By September of 2009, concentrations of VC have decreased below the 

detection level at wells USGS-9, USGS-13, and USGS-14.  In addition, concentrations of cis-

DCE have also decreased over time.  The sole exception is well USGS-11 (Fig. 7), where 

concentrations of VC and cis-DCE increased sharply in late 2000.  These trends probably reflect 

the cessation of the pump-and-treat system in mid 1998.  Because an extraction well was located 

near well USGS-9, it is likely that the plume was pulled toward well USGS-9 and away from 

well USGS-11.  When pumping ceased, the plume shifted to the south towards well USGS-11 

and away from well USGS-9.  Since 2000, however, there has been a consistent downward trend 

in chlorinated ethene concentrations in USGS-11 (Fig. 7).  

Monitoring data collected in 2009 confirm that the plume of Fenton’s reagent-treated 

water has reached the third line of monitoring wells.  Concentrations of sulfate began to rise 

above background levels (5-10 mg/L) in 2004.  By late 2006, sulfate concentrations had risen to 

approximately 40 mg/L, a trend confirmed by the 2009 monitoring data (Fig. 8).  Concomitant 

with the initial increase in sulfate concentrations (2004), concentrations of both VC and cis-DCE 

decreased steeply.  However, while concentrations of cis-DCE have continued to trend 

downward, more variability in VC concentrations over time has been observed (Fig. 8).   

Monitoring data collected in 2009 show a consistent trend of declining VC concentrations at well 

USGS-8 (Fig. 8), and VC concentrations are nearing the MCL (2 μg/L). 

Redox Processes 
 
 Ground-water chemistry data suggest that the injection of Fenton’s Reagent has modified 
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ambient redox processes at the site.  Prior to Fenton’s Reagent treatment, the source area was 

predominantly sulfate-reducing as indicated by the depletion of dissolved sulfate and hydrogen 

concentrations in the 2-4 nM range characteristic of sulfate reduction.  Downgradient of the 

sulfate-reducing source area, the system was predominantly Fe(III) reducing (Chapelle and 

Bradley, 1998).  Following Fenton’s treatment, concentrations of dissolved oxygen at well KBA-

11-34 increased from below detectable levels (0.05 mg/L) to above 7 mg/L.  Within three 

months, however, ground water at KBA-11-34 was once again anoxic. However, hydrogen 

concentrations have remained in the 0.2-0.8 nM range characteristic of Fe(III) reduction.  As 

Fenton’s-treated water has moved downgradient through the location of KBA-13A, 

concentrations of dissolved oxygen remained below detection levels (Fig. 9A), concentrations of 

ferrous iron and sulfate increased rapidly (Fig. 9B), and concentrations of dissolved sulfide and 

methane have decreased (Fig. 9C).  Prior to the arrival of Fenton’s treated water, hydrogen 

concentrations at KBA-11-13A varied seasonally between levels characteristic of sulfate 

reduction (1-4 nM) and levels characteristic of Fe(III) reduction (0.2-0.8 nM).  Since the 

Fenton’s-treated water has arrived at KBA-11-13A, however, hydrogen concentrations have 

remained in the range characteristic of Fe(III) reduction.  These data imply that the delivery of 

ferric iron to the aquifer via Fenton’s Reagent has shifted the predominant microbial metabolism 

toward Fe(III) reduction.   

 The effects of vegetable oil on the water chemistry of well KBA-11-34, which is the 

closest monitoring well to the zone of vegetable oil injection, also have become evident.  Prior to 

May of 2003, concentrations of methane at KBA-11-34 were less than 1.0 mg/L.  Beginning in 

September of 2003, however, concentrations of methane have increased.  In 2009, methane 

concentrations varied between 5 and 13 mg/L (Tables 1-4).  This indicates microbial utilization 
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of the vegetable oil and the establishment of highly reducing methanogenic conditions.   These 

conditions, in turn, favor the biodegradation of residual contaminants left in the source areas.  

Bromide was also added to the vegetable oil to act as a tracer and low levels of bromide are now 

detected throughout the plume (Table 1-4). 

Analysis of Sampling Frequency 

 The efficiency of monitored natural attenuation has been assessed based on quarterly 

sampling at the Kings Bay site for ten years.  The results of this assessment have shown: 

1.  The anoxic conditions needed to facilitate the natural attenuation of chlorinated ethenes have 

been maintained over time (Fig. 9).  Because hydrogen peroxide, a strong oxidizing agent, was 

part of the Fenton’s reagent treatment, there was concern in 1999 that the anoxic conditions 

might change to oxic conditions and that this might inactivate natural attenuation.  In fact, the 

Fenton’s treatment did produce transient oxic conditions in the source area.  However, these oxic 

conditions disappeared by six months after injection.  Furthermore, oxic conditions were not 

observed immediately downgradient of the injection area (Fig. 9). 

2.  Once the source area was treated and the mass of chlorinated ethenes being dissolved into the 

plume were lowered, the contaminant plume began to shrink immediately (Figs. 2 and 3).   This 

was due to the relatively efficient natural attenuation mechanisms, largely biodegradation, 

operative at this site.  These contaminant-lowering biodegradation processes were occurring 

before Fenton’s treatment, but the biodegradation losses were balanced by continuing dissolution 

of chlorinated ethenes from the source areas.  Once the source area was treated, biodegradation 

outpaced contaminant replenishment, and the plume began to shrink.  Without biodegradation of 

the chlorinated ethenes, dilution and dispersion would have eventually dissipated the plume, but 

this would have likely proceeded over a time frame exceeding one hundred years (Chapelle et 
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al., 2007). 

3.  Concentrations of chlorinated ethenes, particularly concentrations of carcinogenic vinyl 

chloride in the wells adjacent to the neighborhood, have decreased substantially since Fenton’s 

treatment (Fig. 7).  Presently, three of the eight monitoring wells near the neighborhood exhibit 

vinyl chloride concentrations below the 2 μg/L MCL.  The highest vinyl chloride concentration 

observed adjacent to the neighborhood in September of 2009 was 19 μg/L.  In 1998, vinyl 

chloride concentrations in this well (well USGS-10) was 683 μg/L. 

 Given the demonstrated success of combining Fenton’s reagent to treat the source area, 

and natural attenuation to treat the plume over the last ten years, it is reasonable to consider 

whether continued quarterly monitoring of the USGS natural attenuation monitoring wells is still 

warranted.  One way to approach this issue is to analyze the ten years of monitoring data that has 

been collected assuming quarterly sampling, biannual sampling, or annual sampling, and then 

consider how much resolution of water-quality trends is lost for each sampling strategy.  For 

example, some of the most dramatic changes in chlorinated ethenes have been documented at 

downgradient well USGS-11 (Figure 7).   The quarterly sample regime clearly shows 

considerable variability between sampling events, variability that can be attributed to actual 

system changes as well as sampling and analytical error.   The large rise in cis-DCE 

concentrations between 2000 and 2001, for example, clearly reflects changes in the system 

(cessation of pump-and-treat and consequent shift of the plume), changes that would have been 

less apparent with biannual or annual sampling.  Similarly, the significant changes in cis-DCE 

concentrations at well USGS-4 over time (Figure 6), would have been less apparent. 

 On the other hand, if trends in concentration changes are the primary focus of interest, 

then a simple statistical approach suggests that quarterly sampling may no longer be necessary at 



this site.  This statistical approach is shown in Figure 10.  The downward trend in DCE 

concentrations at well USGS-11 began in 2002.  Figure 10 shows how these falling 

concentrations would appear assuming quarterly, biannual, and annual sampling.  To make this 

approach more quantitative, the data were fitted by non-linear regression analysis to an 

exponential decay equation: 

      

where the constant a is the best-fit initial DCE concentration and b is the slope of the best-fit 

concentration decay curve.  Using all of the quarterly data in the regression, the best fit 

parameters are a = 133, b = 0.2001, the correlation is significant (r2=0.85), and the slope of the 

curve is less than zero (p<0.0001)  (Fig. 10).  If this site had been sampled biannually (Fig. 10), 

then the a and b parameters increase to 146 and 0.23 respectively.  In other words, the slope of 

the DCE decrease curve assuming biannual sampling would have differed from the quarterly 

sampling by about 15%.  Thus, while the precision of the overall trend differs from quarterly 

sampling, the same trend is still resolved.  If this site had been sampled annually, further 

degradation in the resolution of the concentration decline becomes apparent, with the slope of the 

best-fit curve differing from the quarterly sampling curve by 25%. 

 The ten years of data have established that redox conditions at the site have stabilized 

following Fenton’s reagent treatment and that conditions still favor the efficient biodegradation 

of chlorinated ethenes (Fig. 9).  This being the case, the primary question to be addressed by site 

monitoring is to document contaminant concentration trends over time while continuing to 

monitor ambient redox conditions.  The analysis of trends at well USGS-11 suggests that 

biannual sampling can capture these trends within a 15% departure in sensitivity from that 

offered by quarterly sampling (Fig. 10).  The more substantial loss of sensitivity offered by 
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annual sampling (25%), on the other hand, could be problematic.  

CONCLUSIONS 

 Ground-water monitoring data collected over a ten-year period at the Kings Bay site 

indicate that source-area treatment by Fenton’s Reagent has led to a significant contraction of the 

chlorinated ethene plume.  There is considerable variability in the pattern of concentration 

decreases, however, that reflect a variety of hydrologic and microbiologic factors. In the 

upgradient part of the plume, much of the observed concentration decline can be attributed 

directly to contaminant destruction by Fenton’s Reagent (Well KBA-11-34).  Furthermore, the 

movement of high-sulfate Fenton’s-treated water downgradient also leads to declines in 

chlorinated ethene concentrations (wells KBA-11-13A and USGS-5).  However, movement of 

low-sulfate, chlorinated ethene-contaminated ground water, possibly in response to Fenton’s 

reagent injection, apparently lead to a transient increase chlorinated ethene concentrations in one 

location (well USGS-4).  However, contaminant concentrations at USGS-4 have been steadily 

declining since 2006 (Fig. 7).  Fenton’s treated high-sulfate water has arrived at the third line of 

monitoring wells (Fig. 8).  After an initial spike in concentrations following arrival of the 

Fenton’s Reagent-treated water, cis-DCE concentrations have declined to the 2-3 μg/L range at 

well USGS-8 (Fig. 8).  The pattern of VC concentration changes have been more variable and 

show alternating patterns of increases and decreases.  However, in 2008, a consistent trend of 

decreasing VC concentrations was observed at well USGS-8.  An analysis of contaminant 

concentration treads at downgradient well USGS-11 suggests that changing the frequency of 

sampling for the natural attenuation monitoring from quarterly to biannually is feasible. 
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Table 5.–Chlorinated ethenes at Kings Bay, 2/19/09. 
 

well number  PCE TCE cis-DCE VC 

KBA-11-34 3.1 <1 30 <2 

USGS-1 2.9 1.6 1.2 3.9 

USGS-2 8.7 6.3 7.2 <2 

USGS-3 <1 3.3 7.7 2.9 

USGS-15 1.5 <1 <1 <2 

KBA-11-13A <1 5.1 4.3 <2 

USGS-4 <1 3.2 110 44 

USGS-4R <1 3.2 110 46 

USGS-5 <1 <1 5.8 <2 

USGS-6 <1 1.3 3.9 <2 

USGS-7 <1 <1 2.7 <2 

USGS-8 <1 <1 3.3 11 

USGS-8R <1 <1 3.3 10 

USGS-9 <1 <1 <1 <2 

USGS-10 <1 <1 68 27 

USGS-11 <1 <1 44 13 

USGS-12 <1 <1 30 8.2 

USGS-13 <1 <1 2.2 <2 

USGS-14 <1 <1 1.3 <2 

KBA-11-37 <1 <1 3.2 <2 
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Table 6.–Chlorinated ethenes at Kings Bay, 6/01/09. 
well number  PCE TCE cis-DCE VC 

KBA-11-34 3.6 <1 120 <2 

USGS-1 <1 2.6 7.8 2.2 

USGS-2 7.8 5.4 9.7 <2 

USGS-3 2.4 1.4 1.7 <2 

USGS-15 1.4 <1 <1 <2 

KBA-11-13A 20 11 20 <2 

USGS-4 <1 2.9 110 42 

USGS-4R <1 2.9 110 42 

USGS-5 <1 <1 5.6 3.7 

USGS-6 <1 <1 2.9 <2 

USGS-7 <1 1.3 3.0 <2 

USGS-8 <1 <1 3.0 10 

USGS-8R <1 <1 3.1 10 

USGS-9 <1 <1 <1 <2 

USGS-10 <1 <1 44 17 

USGS-11 <1 <1 50 7.4 

USGS-12 <1 <1 18 3.0 

USGS-13 <1 <1 2.0 <2 

USGS-14 <1 <1 2.0 <2 

KBA-11-37 <1 <1 3.0 <2 
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Table 7.–Chlorinated ethenes at Kings Bay, 7/21/09. 
well no  PCE TCE cis-DCE VC 

KBA-11-34 2.9 <1 66 <2 

KBA-11-34R 1.2 <1 120 <2 

<1USGS-1 <1 2.2 8.4 2.7 

USGS-2 6.8 4.9 12 <2 

USGS-3 2.2 1.3 2.0 <2 

USGS-15 1.2 <1 <1 <2 

KBA-11-13A 3.4 6.3 9.4 <2 

USGS-4R <1 2.9 120 42 

USGS-5 <1 <1 6.2 <2 

USGS-6 <1 <1 3.8 <2 

USGS-7 <1 <1 3.0 <2 

USGS-8 <1 <1 2.5 5.6 

USGS-8R <1 <1 2.3 5.3 

USGS-9 <1 <1 <1 1.0 

USGS-10 <1 <1 32 10 

USGS-11 <1 <1 41 5.3 

USGS-12 <1 <1 18 <2 

USGS-13 <1 <1 1.2 <2 

USGS-14 <1 <1 <1 <2 

KBA-11-37 <1 <1 2.4 <2 
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Table 8.–Chlorinated ethenes at Kings Bay 9/15/0&. 
well no  PCE TCE cis-DCE VC 

KBA-11-34 13 <1 200 <2 

USGS-1 <1 2.5 7.8 3.4 

USGS-2 11 3.0 7.1 <2 

USGS-3 10 1.5 1.6 <2

USGS-15 9.4 <1 <1 <2 

KBA-11-13A <1 5.4 4.4 <2 

USGS-4 <1 3.5 86 41 

USGS-4R <1 4.2 100 47 

USGS-5 <1 1.2 5.4 <2 

USGS-6 <1 1.3 4.2 <2 

USGS-7 <1 <1 3.1 <2 

USGS-8 <1 <1 3.1 7.9 

USGS-8R <1 <1 2.2 5.8 

USGS-9 <1 <1 <1 <2 

USGS-10 <1 <1 39 19 

USGS-11 <1 <1 30 9.0 

USGS-12 <1 <1 15 2.8 

USGS-13 <1 <1 1.2 <2 

USGS-14 <1 <1 1.2 <2 

KBA-11-37 <1 <1 2.7 <1 
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Figure 4. Concentration changes of sulfate and chlorinated ethenes
                over time at well USGS-3.
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Figure 5. Concentration changes of sulfate and chlorinated ethenes over time
                 at well KBA-13A.
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Figure 10.--Comparison of DCE concentration trends at well 
        USGS-11 assuming the well was sampled quarterly, bianually, 
        or annually for eight years.
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