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INTRODUCTION

This report contains groundwater monitoring results for samples collected in June 2005

from the four designated compliance wells surrounding the Kingston Fossil Plant KIF

ash disposal area These data represent the first set of compliance monitoring data for

the facility following two years of quarterly baseline monitoring A summary of baseline

monitoring data are provided in Appendix D along with an explanation of the statistical

testing methodology applied to the compliance data Appendix E Groundwater

samples were analyzed by the TVA Environmental Chemistry Laboratory anEPAcertified
laboratory Sample collection and laboratory analyses were performed in

accordance with Tennessee Department of Conservation and Environment TOEC

Rule 1200 1704 and the facility groundwater monitoring plan approved by TDEC

August 1996

GROUNDWATER SAMPLING

Groundwater sampling was performed on June 1 by SA Grindstaff and MD Williams at

upgradient well 16A and downgradient wells 4B 6A and 13B A Grundfos Rediflow

submersible pump was used for purging and sampling wells 13B and 16A whereas

wells 4B and 6A were purged until dry with the submersible pump and sampled with

disposable bailers following recovery Duplicate samples were collected from well 13B

and an equipment blank was collected between wells 4B and 6A Field parameters ie
temperature specific conductance pH dissolved oxygen and oxidation reduction

potential were monitored during well purging using a flow through cell and calibrated

instruments Each well was considered properly evacuated when field parameters

remained stable during purging a minimum of two well volumes or the well was purged

to dryness Field data sheets are included in Appendix A

Please note that no samples of leachate were collected from the disposal facility As

described in the Facility Operations Manual engineering measures incorporated in the

facility design should result in minimal ash leachate production Therefore leachate

sampling is not included in the approved groundwater monitoring plan

Immediately following collection samples were transferred to new sample bottles

provided by the laboratory with appropriate preservatives where applicable The

samples were then sealed labeled recorded on a custody form and placed in an iced



cooler for transport Samples were delivered to the TVA Environmental Chemistry

Laboratory on June 2 A copy of the sample custody record is given in Appendix B

ANALYTICAL RESULTS

Groundwater samples were analyzed for the 17 required inorganic constituents specified

in Appendix I of TDEC Rule 1200 17 Laboratory results completed on June 23 are

summarized in Table 1 The laboratory report presented in Appendix C includes

analytical methods and detection limits for each constituent Constituent concentrations

reported for all samples were below drinking water maximum contaminant limits MCL

All analytical testing was performed within recommended sample holding times There

were no detections of the required 17 inorganic constituents in the equipment blank

STATISTICAL EVALUATION

Statistical analysis of the sample analytical data was performed using non parametric

prediction intervals NPI applied on an intrawell basis A description of the NPI method

the rationale for its selection and specifics regarding application to the KIF facility

groundwater detection monitoring program are presented in Appendix E The analytical

results presented in Table I indicate that none of the constituent concentrations for any

of the groundwater samples exceed the upper prediction limits UPL

HYDROGEOLOGIC CONDITIONS

The Kingston plant site is located in the Valley and Ridge physiographic province of the

Appalachian Highlands region This region is characterized by a sequence of long

narrow ridges and valleys trending northeast southwest In general ridges are formed

by relatively resistant sandstone limestone and dolomite units while the valleys are

underlain by soluble limestone and easily weathered shale The controlling structural

feature of the site is a series of northeast striking thrust faults which has forced older

Cambrian and Ordovician rocks over younger units Bedrock dips southeast at angles

ranging from a few degrees to about 90 degrees

The ash pond area is immediately underlain by Quaternary alluvium ranging in thickness

from about 1.5 m along a portion of the northern perimeter of the site to maximum of

2
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20 mon the western boundary The alluvial deposits are unconsolidated and lenticular

and consist of clay silt and sand with occasional gravel A thin layer of residuum is

occasionally present directly above bedrock The residuum is typically composed of clay

and silt with weathered fissile shale fragments

Bedrock beneath the alluvial deposits at the disposal site is primarily represented by the

Conasauga Group middle to upper Cambrian age The only exception is a small area

along the northern margin of the site underlain by the Rome formation lower Cambrian

age Specific geologic units within the Conasauga Group represented at the site

include the Nolichucky Maryville Rogersville Rutledge and Pumpkin Valley formations

These formations are locally of low water producing capacity and predominantly consist

of shale with interbedded siltstone limestone and conglomerate Total thickness of the

Conasauga Group beneath the site is unknown but is estimated to be approximately 450

meters The Rome formation is generally composed of interbedded shale sandstone

and siltstone The elevation of the top of rock in the ash pond area is relatively uniform

varying from approximately 213 to 218 mMSL Outside this area the bedrock surface

rises steeply to the west and southwest The lower bedrock terrace corresponding to the

disposal area represents an erosion surface associated with the ancestral Emory River

Groundwater movement at the site generally follows topography with groundwater

flowing eastward and southeastward from Pine Ridge toward the reservoir

Groundwater originating on or flowing beneath the ash pond area ultimately discharges

to the reservoir without traversing private property

Groundwater levels measured in site monitoring wells on June 1 prior to sample

collection are presented inTable 2 The groundwater potentiometric surface derived

from these measurements is shown on Figure 1 Groundwater generally flows eastward

across the ash disposal area toward the reservoir An average hydraulic gradient of

approximately 0.009 is estimated between the western and eastern boundaries of the

disposal area The shallow alluvial aquifer underlying the ash disposal area exhibits a

mean horizontal hydraulic conductivity of 0.006 mrd The local Darcy flux istherefore

estimated to be approximately 5.4x105 mid

4



Table 2 Groundwater Levels Measured on June 1 2004

Well Top of Casing Depth to Water Water Elevation Well Bottom

No Elevation i i mmIs Depth i

4B 230.72 4.11 226.61 12.72

6A 230.13 3.46 226.67 8.88

13B 234.85 3.10 231.75 25.68

16A 234.26 1.23 233.03 20.16

CONCLUSIONS

Groundwater analytical data for the June 1 2005 sampling event showed no evidence of

groundwater contamination from the dry fly ash disposal area Concentrations of the 17

Appendix I inorganic constituents were below MCLs in all samples Furthermore

statistical analysis of sample data indicated no constituent concentrations above

established upper prediction limits

5
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Data Report Number 050623 155226

Report of Results STANDARD

TENNESSEE VALLEY AUTHORITY

CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC IBC North Side Chickamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 4318 Fax 423 876 4137

Customer Address MARK BOGGS Sample ID AF22033 LRF ID 05060054

WT 9C K Matrix Water Reg RCRA

Phone 632 6941
Date Collected 06 01 2005

Fax Not Available

EMail EDM Time Collected 10 52 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF4B 060105 Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall L Howell

Analysis Analysis Method

Analyte CAS Number
2

Result Units MDL 2
Date Time Analyst Reference

Aluminum Total 7429 90 5 0.94 mgb 0.05 06 07 2005 11 52 LMJ EPA 60 lOB

Ammonia as N 7664 41 7 0.15 mg
1
L 0.01 06 09 2005 10 04 ADP EPA 350.1

Antimony Total 7440 36 0 MDL mgL 0003 06 07 2005 9 42 JBR EPA 7041 A
Arsenic Total 7440 38 2 0.001 mgL 0.001 06 06 2005 13 36 JBR EPA 7060A

Barium Total 7440 39 3 0.08 mgL 0.01 06 07 2005 11 52 LMJ EPA 601GB

Beryllium Total 7440 41 7 MDL mgL 0.001 06 07 2005 11 52 LMJ EPA 60108

Boron Total 744042 8 MDL mgb 0.2 06 07 2005 11 52 LMJ EPA 60108

Cadmium Total 7440 43 9 0.0004 mgL 0.0001 06 08 2005 13 53 JBR EPA 713 IA

Calcium Total 7440 70 2 210 mgb 0.1 06 07 2005 11 52 LMJ EPA 601GB

Chloride Total 16887 00 6 36 mgb 1 06 17 2005 16 18 GMP EPA 325.2

Chromium Total 7440 47 3 0.001 mgb 0.001 06 08 2005 16 27 JBR EPA 7191

Cobalt Total 7440484 0.010 mgL 0.001 06 09 2005 8 07 JBR EPA 7201

Copper Total 7440 50 8 MDL mgb 0.01 06 07 2005 11 52 LMJ EPA 6010B

Filterable Residue 780 mg L 10 06 06 2005 10 59 AJH EPA 160.1

Fluoride Total 16984 48 8 0.14 mgb 0.1 06 07 2005 10 00 GMP EPA 340.2

Inorganic Carbon Total 92 mg L I 06 14 2005 7 54 ADP ASTM477988

Iron Total 7439 89 6 2.8 mgL 0.01 06 07 2005 11 52 LMJ EPA 601GB

Lead Total 7439 92 1 MDL mgb 0.001 06 06 2005 11 08 JBR EPA 7421

Magnesium Total 7439 95 4 18 mgb 0.01 06 07 2005 11 52 LMJ EPA 60106

Manganese Total 7439 96 5 1.7 mgb 0.005 06 07 2005 11 52 LMJ EPA 601GB

MercufV Total 7439 97 6 c MDL mgI 0.0001 06 17 2005 13 51 CbS EPA 7470A

Molybdenum Total 7439 98 7 MDL mgb 0.02 06 07 2005 11 52 bMJ EPA 6010B

Nickel Total 7440 02 0 0.006 mg b 0.001 06 08 2005 18 38 JBR EPA 7521

Nitrate Nitrite as N 0.11 mg b 0.01 06 09 2005 10 04 ADP EPA 353.2

Non Filterable Residue 22 mg L 1 06 03 2005 8 01 AJH EPA 160.2

Potassium Total 7440 09 7 5.8 mg b 0.1 06 16 2005 10 14 JBR EPA 7610

Selenium Total 7782 49 2 MDL mg b 0.001 06 06 2005 16 07 JBR EPA 7740

Silver Total 7440 22 4 MDL mg b 0.01 06 07 2005 11 52 LMJ EPA 6010B

Sodium Total 7440 23 5 8.8 mg b 0.1 06 10 2005 15 13 JBR EPA 7770

Strontium Total 7440 24 6 0.43 tg b 0.05 66 07 2005 11 52 bMJ EPA 601GB

Sulfate Total 14808 79 8 355 mg L I 06 20 2005 14 19 CLS EPA 375.4

Thallium Total 7440 28 0 MDL tg b 0.002 06 08 2005 10 11 JBR EPA 7841

Total Kjeldahl Nitrogen 0.42 mg b 0.02 06 07 2005 13 52 GMP EPA 351.2

Vanadium Total 7440 62 2 MDL mg b 0.01 06 07 2005 11 52 LMJ EPA 601GB

Zinc Total 7440 66 6 0.05 mg b 0.01 06 07 2005 11 52 LMJ EPA 601GB

06 23 2005 Page 1 of 14

Chemical Abstracts Service Registry Number I Method Detection Limit



Data Report Number 050623 155226

Report of Results STANDARD

TENNESSEE VALLEY AUTHORITY
CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC 1B C North Side Chickamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 4318 Fax 423 876 4137

CustomerAddress MARK BOGGS Sample ID AF22033 LRF ID 05060054

WT 9CK Matrix Water Reg RCRA

Phone 632 6941 Date Collected 06 01 2005

Fax Not Available

EMail EDM Time Collected 10 52 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF4B 060105 Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall L Howell

Analysis Analysis Method

Analyte CAS Number Result Units MDL Date Time Analyst Reference

Sample Comments Sulfate analyzed by EPA Method 300.1 Ion Chromatography
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Data Report Number 050623 155226

Report of Results STANDARD

TENNESSEE VALLEY AUTHORITY
CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC lBC North Side Chicktamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 4318 Fsx 423876 4137

Customer Address MARK BOGGS Sample ID AF22034 LRF ID 05060054

WT 9CK Matrix Water Reg RCRA

Phone 632 6941

Fax Not Available Date Collected 06 01 2005

EMail EDM Time Collected 11 56 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF6A 060105 Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall L Howell

Analysis Analysis Method

Analyte CAS Number Result Units MDI Date Time Analyst Reference

Aluminum Total 7429 90 5 MDL mg b 0.05 06 07 2005 11 56 LMJ EPA 60108

Ammonia as N 7664 41 7 19 mg b 0.01 06 09 2005 11 25 ADP EPA 350.1

AntimonyTotal 7440 36 0 0.004 mg b 0.003 06 07 2005 9 47 JBR EPA 7041 A
Arsenic Total 7440 38 2 0.004 mg b 0.001 06 06 2005 1341 JBR EPA 7060A

Barium Total 7440 39 3 0.07 mg b 0.01 06 07 2005 11 56 LMJ EPA 60108

Beryllium Total 7440 41 7 c MDL mg b 0.001 06 07 2005 11 56 LMJ EPA 6010B

Boron Total 744042 8 0.2 mg b 0.2 06 07 2005 11 56 LMJ EPA 60108

Cadmium Total 7440 43 9 0.0004 mg b 0.0001 06 08 2005 13 59 JBR EPA 713 IA

Calcium Total 7440 70 2 200 mg L 0.1 06 07 2005 11 56 LMJ EPA 60108

Chloride Total 16887 00 6 10 mg L I 06 17 2005 16 18 GMP EPA 325.2

Chromium Total 7440 47 3 0.002 mg L 0.001 06 08 2005 16 39 JBR EPA 7191

Cobalt Total 7440 48 4 0.017 mg b 0.001 06 09 2005 8 13 JBR EPA 7201

Copper Total 7440 50 8 MDL mg b 0.01 06 07 2005 11 56 LMJ EPA 60108

Filterable Residue 3900 mg b 10 06 06 2005 11 00 AJH EPA 160.1

Fluoride Total 16984 48 8 MDL mg b 0.1 06 07 2005 10 00 GMP EPA 340.2

Inorganic Carbon Total 91 mg b 1 06 14 2005 8 01 ADP ASTM477988

ron Total 7439 89 6 740 mg b 0.01 06 07 2005 11 56 LMJ EPA 60108

bead Total 7439 92 1 MDL mg 0.001 06 06 2005 11 14 JBR EPA 7421

Magnesium Total 7439 95 4 66 mg b 0.01 06 07 2005 11 56 LMJ EPA 60108

Manganese Total 7439 96 5 140 mg b 0.005 06 07 2005 11 56 LMJ EPA 60108

Mercury Total 7439 97 6 MDL mg b 0.0001 06 17 2005 13 53 CLS EPA 7470A

Molybdenum Total 7439 98 7 MDL mg b 0.02 06 07 2005 11 56 LMJ EPA 60108

Nickel Total 7440 02 0 0.005 mg b 0.001 06 08 2005 18 44 JBR EPA 7521

Nitrate Nitrite as N 0.02 mg b 0.01 06 09 2005 10 04 ADP EPA 353.2

Non Filterable Residue 57 mg L I 06 03 2005 8 01 AJH EPA 160.2

Potassium Total 7440 09 7 9.3 mg L 0.1 06 16 2005 10 15 J8R EPA 7610

Selenium Total 7782 49 2 MDL mg b 0.001 06 06 2005 16 13 JBR EPA 7740

Silver Total 7440 22 4 MDL mg 0.01 06 07 2005 11 56 bMJ EPA 60108

Sodium Total 7440 23 5 11 mg b 0.1 06 10 2005 15 14 JBR EPA 7770

Strontium Total 7440 24 6 0.63 mg b 0.05 06 07 2005 11 56 LMJ EPA 60108

Sulfate Total 14808 79 8 2350 mg L 1 06 20 2005 14 48 CbS EPA 375.4

Thallium Total 7440 28 0 MDL mg b 0.002 06 08 2005 10 17 JBR EPA 7841

Total Kjeldahl Nitrogen 17 mg b 0.02 06 22 2005 9 27 GMP EPA 351.2

Vanadium Total 7440 62 2 0.07 mg b 0.01 06 07 2005 11 56 LMJ EPA 60108

Zinc Total 7440 66 6 MDL mg b 0.01 06 07 2005 11 56 bMJ EPA 60108

06 23 2005 Page 3 of 14

Chemical Abstracts Service Registry Number I Method Detection Limit



Data Report Number 050623 155226

Report ofResults STANDARD

TENNESSEE VALLEY AUTHORITY
CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC 1BC North Side Chickanauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 8764318 Fax 423 876 4137

Customer Address MARK BOGGS Sample ID AF22034 LRF ID 05060054

WT 9CK Matrix Water Reg RCRA

Phone 632 6941

Date Collected 06 01 2005
Fax Not Available

E Mail EDM Time Collected 11 56 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF6A 060105 Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall L Howell

Analysis Analysis Method

Analyte CAS Number Result Units NDL 2
Date Time Analyst Reference

Sample Comments Sulfate analyzed by EPA Method 300.1 Ion Chromatography
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Chemical AbatractSesr vice Registry Number I Method Detection Limit



Data Report Number 050623 155226

Report of Results STANDARD

TENNESSEE VALLEY AUTHORITY
CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC 1BC North Side Chickamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 4318 Fax 4238764137

Customer Address MARK BOGGS Sample ID AF22035 LRF ID 05060054

WT 9CK Matrix Water Reg RCRA

Phone 632 6941
Date Collected 06 01 2005

Fax Not Available

E Mail EDM Time Collected 11 35 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF13B 060105 Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall L Howell

Analysis Analysis Method

Analyte CAS Number Result Units MDL1
Date Time Analyst Reference

Aluminum Total 7429 90 5 MDL mg L 0.05 06 07 2005 12 01 LMJ EPA 60108

Ammonia as N 7664 41 7 0.14 mg L 0.01 06 09 2005 11 25 ADP EPA 350.1

Antimony Total 7440 36 0 MDL mg L 0.003 06 07 2005 9 53 JBR EPA 7041A

Arsenic Total 7440 38 2 MDL mg’L 0.001 06 06 2005 13 47 JBR EPA 7060A

Barium Total 7440 39 3 0.36 mg L 0.01 06 07 2005 12 01 LMJ EPA 60108

Beryllium Total 7440 41 7 MDL mg I 0.001 06 07 2005 12 01 LMJ EPA 6010B

Boron Total 7440 42 8 MDL mg I 0.2 06 07 2005 12 01 LMJ EPA 60108

Cadmium Total 7440 43 9 MDL mg L 0.0001 06 08 2005 14 04 JBR EPA 713 IA

Calcium Total 7440 70 2 14 mg L 0.1 06 07 2005 12 01 LMJ EPA 60 l08

Chloride Total 16887 00 6 2.8 mg L I 06 17 2005 16 18 OMP EPA 325.2

Chromium Total 7440 47 3 MDL mg L 0.001 06 08 2005 16 46 JBR EPA 7191

Cobalt Total 7440 48 4 0.001 mg L 0.001 06 09 2005 8 18 JBR EPA 7201

Copper Total 7440 50 8 MDL mg L 0.01 06 07 2005 12 01 LMJ EPA 60108

Filterable Residue 240 mg L 10 06 06 2005 11 00 AJH EPA 160.1

Fluoride Total 1698448 8 0.19 mg L 0.1 06 07 2005 10 00 GMP EPA 340.2

Inorganic Carbon Total 51 mg L I 06 14 2005 8 07 ADP ASTM477988

Iron Total 7439 89 6 0.06 mg L 0.01 06 07 2005 12 01 LMJ EPA 6010B

Lead Total 7439 92 1 MDL mg L 0.001 06 06 2005 11 19 JBR EPA 7421

Magnesium Total 7439 95 4 1.9 mg L 0.01 06 07 2005 12 01 LMJ EPA 60108

Manganese Total 7439 96 5 0.069 mg L 0.005 06 07 2005 12 01 LMJ EPA 60108

Mercury Total 7439 97 6 MDL mg L 0.0001 06 17 2005 13 55 CLS EPA 7470A

Molybdenum Total 7439 98 7 MDL mg L 0.02 06 07 2005 12 01 LMJ EPA 60108

Nickel Total 7440 02 0 MDL mg L 0.001 06 08 2005 18 49 JBR EPA 7521

Nitrate Nitrite as N MDL mg L 0.01 06 09 2005 11 25 ADP EPA 353.2

Non Filterable Residue MDL mg L 1 06 03 2005 8 01 AJH EPA 160.2

Potassium Total 7440 09 7 2.5 mg L 0.1 06 16 2005 10 17 JBR EPA 7610

Selenium Total 778249 2 MDL mg L 0.001 06 06 2005 16 18 JBR EPA 7740

Silver Total 7440 22 4 MDL mg 0.01 06 07 2005 1201 IMJ EPA 60108

Sodium Total 7440 23 5 74 mg L 0.1 06 10 2005 15 15 JBR EPA 7770

Strontium Total 7440 24 6 0.29 mg L 0.05 06 07 2005 1201 LMJ EPA 601CR

Sulfate Total 14808 79 8 2 tg I 1 06 20 2005 15 44 CIS EPA 375.4

Thallium Total 7440 28 0 MDL mg L 0.002 06 08 2005 10 22 JBR EPA 7841

Total Kjeldahl Nitrogen 0.20 mg L 0.02 06 07 2005 13 52 GMP EPA 351.2

Vanadium Total 7440 62 2 MDL mg L 0.01 06 07 2005 12 01 LMJ EPA 6010B

Zinc Total 7440 66 6 MDL mg I 0.01 06 07 2005 1201 LMJ EPA 60108
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Data Report Number 050623 155226

Report ofResults STANDARD

TENNESSEE VALLEY AUTHORITY

CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC 1BC North Side Chickamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 4318 Fax 423 876 4137

Customer Address MARK BOGGS Sample ID AF22035 LRF ID 05060054

WT 9C K Matrix Water Reg RCRA
Phone 632 6941

Fax oNot Available Date Collected 06 01 2005
Fax Not Available

EMail EDM Time Collected 11 35 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF13B 060105 Time Received 1354

Sample Description GROUNDWATER Project Manager Randall L Howell

Analysis Analysis Method

Analyte CAS Number Result Units MDL1 Date Time Analyst Reference

Sample Comments Sulfate analyzed by EPA Method 300.1 Ion Chromatography

06 23 2005 Page 6 of 14
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Data Report Number 050623 155226

Report of Results STANDARD

TENNESSEE VALLEY AUTHORITY
CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC 1BC North Side Chickamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 4318 Fax 423 876 4137

Customer Address MARK BOGGS Sample ID AF22036 LRF ID 05060054

WT 9CK Matrix Water Reg RCRA

Phone 632 6941

Date Collected 06 0112005
Fax Not Available

E Mail EDM Time Collected 11 35 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF131 060105 DUP Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall L Howell

Analysis Analysis Method

Analyte CAS Number Result Units MDL2 Date Time Analyst Reference

Aluminum Total 7429 90 5 MDL mg b 0 05 06 07 2005 12 05 LMJ EPA 60108

Ammonia as N 7664 41 7 0.12 mg b 0.01 06 09 2005 10 04 ADP EPA 350 1

AntimonyTotal 7440 36 0 MDL mg b 0.003 06 07 2005 9 58 JBR EPA 7041 A
Arsenic Total 7440 38 2 MDL mg b 0 001 06 06 2005 13 52 J8R EPA 7060A

Barium Total 7440 39 3 037 mg b 0.01 06 07 2005 12 05 LMJ EPA 60108

Beryllium Total 7440 41 7 MDL mg b 0.001 06 07 2005 12 05 LMJ EPA 6010B

Boron Total 7440 42 8 MDL mg b 0.2 06 07 2005 12 05 LMJ EPA 60108

Cadmium Total 7440 43 9 MDL mg b 0.0001 06 08 2005 14 09 JBR EPA 713 IA

Calcium Total 7440 70 2 15 mg L 0.1 06 07 2005 12 05 LMJ EPA 60108

Chloride Total 16887 00 6 2.8 mg L 1 06 17 2005 16 18 GMP EPA 32512

Chromium Total 7440 47 3 MDL mg b 0.001 06 08 2005 16 52 JBR EPA 7191

Cobalt Total 7440 48 4 0.001 mg b 0.001 06 09 2005 8 23 JBR EPA 7201

Copper Total 7440 50 8 MDL mg b 0.01 06 07 2005 12 05 LMJ EPA 60108

Filterable Residue 240 mg b 10 06 06 2005 11 00 AJH EPA 160.1

Fluoride Total 16984 48 8 0.19 mg b 0.1 06 07 2005 10 00 GMP EPA 340.2

Inorganic Carbon Total 50 mg L 1 06 14 2005 8 13 ADP ASTM477988

Iron Total 7439 89 6 0.06 mg b 0.01 06 07 2005 12 05 LMJ EPA 60108

bead Total 7439 92 1 MDL mg b 0.001 06 06 2005 11 24 J1R EPA 7421

Magnesium Total 7439 95 4 2.0 mg L 0.01 06 07 2005 12 05 LMJ EPA 60108

Manganese Total 7439 96 5 0.073 mg b 0.005 06 07 2005 12 05 LMJ EPA 60108

Mercury Total 7439 97 6 MDL mg b 0.0001 06 17 2005 13 57 CLS EPA 7470A

Molybdenum Total 7439 98 7 MDL mg b 0.02 06 07 2005 12 05 LMJ EPA 6010B

Nickel Total 7440 02 0 0.003 mg 0.001 06 08 2005 18 55 JBR EPA 7521

Nitrate Nitrite as N MDL mg b 0.01 06 09 2005 10 04 ADP EPA 353.2

Non Filterable Residue MDL mg L L 06 03 2005 8 01 AJH EPA 160.2

Potassium Total 7440 09 7 2.0 mg b 0.1 06 16 2005 10 18 JBR EPA 7610

Selenium Total 7782 49 2 MDL mg b 0.001 06 06 2005 16 24 JBR EPA 7740

Silver Total 7440 22 4 MDL mg b 0.01 06 07 2005 12 05 LMJ EPA 6010B

Sodium Total 7440 23 5 73 mg b 0.1 06 10 2005 15 17 JBR EPA 7770

Strontium Total 7440 24 6 0.30 mg b 0.05 06 07 2005 12 05 LMJ EPA 60108

Sulfate Total 14808 79 8 2 mg L 1 06 20 2005 16 18 CbS EPA 375.4

Thalltum Total 7440 28 0 MDL mg b 0.002 06 08 2005 10 28 JBR EPA 7841

Total Kjeldahl Nitrogen 0.18 mg b 0.02 06 07 2005 13 52 GMP EPA 351.2

Vanadium Total 7440 62 2 MDL mg b 0.01 06 07 2005 12 05 LMJ EPA 60108

Zinc Total 7440 66 6 MDL mg b 0.01 06 07 2005 12 05 LMJ EPA 6010B

06 23 2005 Page 7 of 14

Chemical Abstracts Service Registry Number Method Detection Limit



Data Report Number 050623 155226

Report ofResults STANDARD

TENNESSEE VALLEY AUTHORITY
CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC 1B C North Side Chiekamatga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 43188 Fax 423 876 4137

Customer Address MARK BOGGS Sample ID AF22036 LRF ID 05060054

WT 9CK Matrix Waler Reg RCRA

Phose 632 6941

Fax Not Available Date Collected 06 01 2005

E Mail EDM Time Collected 11 35 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF13B 060105 DUP Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall L Howell

Analysis Analysis Method

Analyte CAS Number Result Units MDLU Date Time Analyst Reference

Sample Comments Sulfate analyzed by EPA Method 300 1 Ion Chromatography
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Chemical Abstracts Service Registry Number 2Method Detection Limit



Data Report Number 050623 155226

Report of Results STANDARD

TENNESSEE VALLEY AUTHORITY
CENTRAL LABORATORIES SERVICES Shipping Address

1B10 C1l MaSretrte t Chickamauga Power Service Center

1101 Market Street PSC IIB C North Side Chickamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423876 4318 Fax 423 8764137

Customer Address MARK BOGGS Sample ID AF22037 LRF ID 05060054

WT 9C K Matrix Water Reg RCRA

Phone 632 6941
Date Collected 06 0 1 2005

Fax Not Available

FMail EDM Time Collected 12 26 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF16A 060105 Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall L Howell

Analysis Analysis Method

Analyte CAS Number Result Units MDL2
Date Time Analyst Reference

Aluminum Total 7429 90 5 0.05 mgL 0.05 06 07 2005 12 09 LMJ EPA 60108

Ammonia as N 7664 41 7 0.48 mg’L 0.01 06 09 2005 10 04 ADP EPA 350.1

Antimony Total 7440 36 0 MDL mg’L 0.003 06 07 2005 10 04 JBR EPA 7041 A
Arsenic Total 7440 38 2 0 001 mg L 0.001 06 06 2005 13 57 JBR EPA 7060A

Barium Total 7440 39 3 0.05 mgL 0.01 06 07 2005 12 09 LMJ EPA 60 lOB

Beryllium Total 744041 7 MDL mgL 0.001 06 07 2005 12 09 LMJ EPA 6010B

Boron Total 7440 42 8 MDL mgL 0.2 06 07 2005 12 09 LMJ EPA 60108

Cadmium Total 744043 9 MDL mgL 0.0001 06 08 2005 14 15 JBR EPA 7131 A
Calcium Total 7440 70 2 44 mgI 0.1 06 07 2005 12 09 LMJ EPA 60 lOB

Chloride Total 16887 00 6 MDL mgI 1 06 17 2005 16 18 GMP EPA 325.2

Chromium Total 744047 3 MDL mg L 0.001 06 08 2005 16 58 JBR EPA 7191

Cobalt Total 744048 4 MDL mgI 0.001 06 09 2005 8 29 JBR EPA 7201

Copper Total 7440 50 8 MDL mgL 0.01 06 07 2005 12 09 LMJ EPA 60108

Filterable Residue 220 mgL 10 06 06 2005 11 01 AJH EPA 160.1

Fluoride Total 16984 48 8 0.46 mgI 0.1 06 07 2005 10 00 GMP EPA 340.2

Inorganic Carbon Total 40 mgL I 06 14 2005 8 19 ADP ASTM477988

Iron Total 7439 89 6 0.92 mgL 0.01 06 07 2005 12 09 LMJ EPA 60 lOB

Lead Total 7439 92 1 MDL mgI 0.001 06 06 2005 11 30 JBR EPA 7421

Magnesium Total 7439 95 4 9.2 mgI 0.01 06 07 2005 12 09 LMJ EPA 60108

Manganese Total 7439 96 5 1.3 mgI 0.005 06 07 2005 12 09 LMJ EPA 60108

Mercury Total 7439 97 6 MDL mgI 0.0001 06 17 2005 13 58 CLS EPA 7470A

Molybdenum Total 7439 98 7 MDL mgI 0.02 06 07 2005 12 09 LMJ EPA 6010B

Nickel Total 7440 02 0 MDL mgI 0.001 06 08 2005 19 00 JBR EPA 7521

Nitrate Nitrite as N MDL mgI 0.01 06 09 2005 10 04 ADP EPA 353.2

Non Filterable Residue 5 mgL 1 06 03 2005 8 01 AJH EPA 160.2

Potassium Total 7440 09 7 2.0 mgI 0.1 06 16 2005 10 20 JBR EPA 7610

Selenium Total 778249 2 MDL mgI 0.001 06 06 2005 16 30 JBR EPA 7740

Silver Total 7440 22 4 MDL mgI 0.01 06 07 2005 12 09 LMJ EPA 60108

Sodium Total 7440 23 5 17 mgI 0.1 06 10 2005 15 18 JBR EPA 7770

Strontium Total 7440 24 6 0.29 mgL 0.05 06 07 2005 12 09 LMJ EPA 60108

Sulfate Total 14808 79 8 35 mgL I 06 20 2005 15 53 CLS EPA 375.4

Thallium Total 7440 28 0 MDL mgI 0.002 06 08 2005 10 33 JBR EPA 7841

Total Kjeldahl Nitrogen 0.53 mgI 0.02 06 07 2005 13 52 GMP EPA 351.2

Vanadium Total 7440 62 2 MDL mg I 0.01 06 07 2005 12 09 LMJ EPA 60108

Zinc Total 7440 66 6 MDI mg I 0.01 06 07 2005 12 09 IMJ EPA 60108O

06 23 2005 Page 9 of 14

Chemical Abstracts Service Registry Number I Method Detection Limit



Data Report Number 050623 155226

Report ofrResults STANDARD

TENNESSEE VALLEY AUTHORITY
CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC 1BC North Side Chickamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 4318 Fax 423 876 4137

Customer Address MARK BOGUS Sample ID AF22037 LRF ID 05060054

WT 9CK Matrix Water Reg RCRA

Phone 632 6941

Fax Not Available
Date Collected 06 01 2005

FMail EDM Time Collected 12 26 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF16A 060105 Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall L Howell

Analysis Analysis Method

Analyte CAS Number Result Units MDL2 Date Time Analyst Reference

Sample Comments Sulfate analyzed by EPA Method 300.1 Ion Chromatography

06 23 2005 Page lOof 14

Chemical Abstracts Service Registry Number Method Detection Limit



Data Report Number 050623 155226

Report of Results STANDARD

TENNESSEE VALLEY AUTHORITY

CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC lBC North Side Chickamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 4318 Fax423876 4137

Customer Address MARK BOGGS Sample ID AF22038 LRF ID 05060054

WT 9CK Matrix Water Reg RCRA

Phone 632 6941

Date Collected 06 01 2005
Fax Not Available

E Mail EDM Time Collected 9 41 EST

Location Code KIF Date Received 06 02 2005

Field ID KIF22 060105 Time Received 13 54

Sample Description GROUNDWATER Project Manager Rhndall L Iowell

Analysis Analysis Method

Analyte CAS Number Result Units MDL Date Time Analyse Reference

Ammonia as N 766441 7 0.80 mgL 0.01 06 09 2005 10 04 ADP EPA 3502

Nitrate Nitrite as N MDL mgL 0.01 06 09 2005 10 04 ADP EPA 353 2

Total Kjeldahl Nitrogen 0.84 mgL 0.02 06 07 2005 13 52 GMP EPA 351.2

Sample Comments None
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Data Report Number 050623 155226

Report ofResults STANDARD

TENNESSEE VALLEY AUTHORITY
CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC 1BC North Side Chickamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 4318 Fax 423 876 4137

Customer Address MARK BOGGS Sample ID AF22039 LRF ID 05060054

WT 9C K Matrix Water Reg RCRA

Phone 632 6941

Fax Not Available Date Collected 06 0I2005

EMail EDM Time Collected 10 56 EST

Location Code KIF Date Received 06 02 2005

Field ID KIFEQUIPMENT BLANK 060105 Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall U Howell

Analysis Analysis Method

Analyte CAS Number Result Units MDL2
Date Time Analyst Reference

Aluminum Total 7429 90 5 C MDL mg’L 0.05 06 07 2005 11 30 LMJ EPA 60108

Ammonia as N 7664 41 7 MDL mg L 0.01 06 09 2005 10 04 ADP EPA 350.1

Antirnony Total 7440 36 0 MDL tmg L 0.003 06 07 2005 10 39 JBR EPA 7041A

Arsenic Total 7440 38 2 MDL mg U 0.001 06 06 2005 14 14 JBR EPA 7060A

Barium Total 7440 39 3 MDL ng L 0.01 06 07 2005 11 30 LMJ EPA 60108

Beryllium Total 7440 41 7 MDL mg L 0.001 06 07 2005 11 30 LMJ EPA 60108

Boron Total 7440 42 8 MDL mg
t

t 0.2 06 07 2005 11 30 LMJ EPA 60108

Cadmium Total 7440 43 9 MDL mg U 0.0001 06 08 2005 14 49 JBR EPA 713 IA

Calcium Total 7440 70 2 MDL mg L 0.1 06 07 2005 11 30 LMJ EPA 60 lOB

Chloride Total 16887 00 6 MDL mgU i 06 17 2005 16 18 GMP EPA 325.2

Chromium Total 744047 3 MDL mg L 0.001 06 08 2005 17 17 JBR EPA 7191

Cobalt Total 7440 48 4 MDL mg L 0.001 06 09 2005 8 51 JBR EPA 7201

Copper Total 7440 50 8 MDL mg L 0.01 06 07 2005 11 30 LMJ EPA 60108

Filterable Residue MDL mgfU 10 06 06 2005 11 01 AJH EPA 160.1

Fluoride Total 1698448 8 MDL mg L 0.1 06 07 2005 10 00 GMP EPA 340.2

Inorganic Carbon Total MDL mg L 1 06 14 2005 8 25 ADP ASTM477988

Iron Total 7439 89 6 MDL mg L 0.01 06 07 2005 11 30 LMJ EPA 60108

Lead Total 7439 92 1 MDL mg U 0.001 06 06 2005 11 46 BR EPA 7421

Magnesium Total 7439 95 4 MDL mg U 0.01 06 07 2005 11 30 LMJ EPA 60108

Manganese Total 7439 96 5 MDL mg U 0.005 06 07 2005 11 30 LMJ EPA 60108

Mercury Total 7439 97 6 MDL mg L 0.0001 06 17 2005 14 00 CLS EPA 7470A

Molybdenum Total 7439 98 7 MDL mg 0.02 06 07 2005 11 30 LMJ EPA 60108

Nickel Total 7440 02 0 MDL mg U 0.001 06 08 2005 19 17 JBR EPA 7521

Nitrate Nitrite as N MDL mg U 001 06 09 2005 10 04 ADP EPA 353.2

Non Filterable Residue MDL rngL 1 06 03 2005 8 01 AJH EPA 160.2

Potassium Total 7440 09 7 1.9 mg U 0.1 06 16 2005 7 50 BR EPA 7610

Selenium Total 778249 2 MDL mg U 0.001 06 06 2005 17 01 JBR EPA 7740

Silver Total 7440 22 4 MDL mg U 0.01 06 07 2005 11 30 LMI EPA 60108

Sodium Total 7440 23 5 2.1 mg U 0.1 06 10 2005 15 20 JBR EPA 7770

Strontium Total 7440 24 6 MDL mg U 0.05 06 07 2005 11 30 LMJ EPA 60108

Sulfate Total 14808 79 8 MDL mg L Ii 06 20 2005 15 24 CLS EPA 375.4

Thallium Total 7440 28 0 MDL mgfU 0.002 06 08 2005 10 50 JBR EPA 7841

Total KjeldahI Nitrogen MDL mg U 0.02 06 22 2005 9 27 OMP EPA 351.2

Vanadium Total 7440 62 2 MDL mg U 0.01 06 07 2005 11 30 LMJ EPA 60108

Zinc Total 7440 66 6 MDL mg U 0.01 06 07 2005 11 30 LMJ EPA 60108
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Chemical Abstracts Service Registry Number Method Detection Limit



Data Report Number 050623 155226

Report of Results STANDARD

TENNESSEE VALLEY AUTHORITY

CENTRAL LABORATORIES SERVICES Shipping Address

Chickamauga Power Service Center

1101 Market Street PSC lBC North Side Chicktamauga Reservation

Chattanooga Tennessee 37402 2801 Chattanooga Tennessee 37415

Phone 423 876 431i 8 Fax423 876 4137

Customer Address MARK DOGGS Sample ID AF22039 LRF ID 05060054

WT 9CK Matrix Water Reg RCRA
Phone 632 6941

Fax Not Available Date Collected 06 01 2005

EMail EDM Time Collected 10 56 EST

Location Code KIF Date Received 06 02 2005

Field ID KIFEQUIPMENT BLANK 060105 Time Received 13 54

Sample Description GROUNDWATER Project Manager Randall U Howell

Analysis Analysis Method

Analyte CAS Number Result Units MDL2
Date Time Analyse Reference

Sample Comments Sulfate analyzed by EPA Method 300.1 Ion Chromatography

06 23 2005 Page 13 of 14

Chemical Abstracts Service Registry Number Method Detection Limit



Data Report Number 050623 155226

Report of Results STANDARD

Central Laboratories Services data report number 050623 155225 was electronically approved using Labworks

Enterprise Version 5.7 Build 255 on 0623 2005 at 34400 PM by Randall L Howell

Vanessa L Ramey Lab Director

Lisa D Ortiz Department Manager

Randall L Howell Product Manager

James W Dillard Product Manager

Rieardo 1Gilbert Senior Analytical Chemist

This report contains saniple results for the following samples Login Reference File number 05060054

AF22033

AF22034

AF22035

AF22036

AF22037

AF22038

AF22039
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STATISTICAL TESTING METHODOLOGY

Considerations in Method Selection

The statistical characteristics of the baseline background groundwater quality data from

the compliance wells surrounding the KIF ash disposal area were the primary

consideration in selecting the method of statistical testing First Shapiro Wilk normality

testing of the baseline data for each constituent at each well indicates that only 37 of

the data exhibit normal or log normal distributions On this basis nonparametric

statistical methods are clearly indicated for the facility groundwater detection monitoring

program

Second the majority of constituents exhibit significant spatial variability of baseline

measurements among the monitoring wells For example the quartile plots presented in

Figures 1 a through 1 c generally indicate substantial differences between the

concentration distributions of downgradient monitoring wells 4B3 6A and 13B and those

of upgradient well 16A For example fluoride concentrations in 16A are significantly

higher than those observed in the three downgradient wells Therefore interwell

statistical comparisons of the upgradient and downgradient sample data would be

inappropriate

Given the statistical characteristics of the groundwater quality data we propose to

conduct intrawell water quality comparisons using a nonparametric prediction interval

NPI method adapted by Gibbons 1990 1994 for groundwater detection monitoring

General Description of Non parametric Prediction Interval Method

The nonparametric prediction interval is an upper one sided interval derived from a

previous sample of n baseline measurements having a selected probability eg 99
of including at least one of rn future observations In the context of groundwater

detection monitoring m isequal to a new measurement plus rni resamples The

method assumes the n baseline measurements are independent and constitute a

continuous probability distribution of unknown form Distributions of baseline and the

future compliance monitoring data are assumed to be identical in the absence of

contamination from the disposal facility

The upper prediction limit UPL for each chemical parameter at a given well is defined

as the maximum concentration observed during the baseline period According to

Gibbons 1 990 the probability Pthat at least one of mfuture measurements will be

less than or equal to the UPL in the absence of contamination from the facility is given

by



m n iI mnljj

where

and k is the number of monitor wells equal to one for intrawell comparisons Since n is

fixed rn is selected to achieve a desired level of confidence eg 99 In practice

each new parameter measurement from a given well during compliance monitoring is

compared to its UPL If the new measurement exceeds the UPL rn I independent

resamples are obtained from the well and compared to the UPL Resamples are only

analyzed for the chemical parameter s exceeding UPLs If all of the resample

measurements are greater than the UPL the original exceedence is deemed a

statistically significant increase otherwise if at least one of the resamples is below the

UPL it is considered insignificant

Application of the NPI Method

We propose to test at the 1 significance level 99 confidence level to maintain a

reasonable balance between the false positive rate and protection of the environment

The probability of a false positive measurement during any given sampling event P is

P 1 PN

where N is the number of independent measurements Gibbons 1990 In the case of

the KIF detection monitoring program N is equal to 51 ie 3 downgradient wells

multiplied by 17 constituents equals 51 Testing at the 5significance level P 0.95

yields a false positive rate P 0.93 which is too high for practical detection monitoring

A false positive rate of 0.40 is estimated for testing at the 1 significance level P
0.99 Therefore testing at the 1 level appears to represent a reasonable compromise

between false positive and false negative rates

The proposed UPLs are listed by well and by constituent in Table E1 The UPL for

each constituent at a given well is generally equal to the maximum observed

concentration during the baseline period ie between December 2000 and March 2005

Where the maximum baseline measurement is less than the MCL the UPL be set at the

constituent’s EPAmandated MOL This adjustment in the procedure is considered

12



Table E1 Statistical Upper Prediction Limits for Downgradient Monitoring Wells

Constituent Well 4B Well GA Well 13B

Antimon 6 6 6

Arsenic 10 14 10

Barium 2000 2000 2000

Beryllium 4 4 4

Cadmium 5 5 5

Chromium 100 100 100

Cobalt 23 17 6

Copper 1000 1000 1000

Fluoride 4000 4000 4000

Lead 15 15 15

Mercury 2 2 2

Nickel 100 100 100

Selenium 50 50 50

Silver 100 190 100

Thallium 2 2 2

All units arejpg L

reasonable since constituent concentrations below the MOL are nonhazardous

according to EPA It is consistent with other statistical methods which test against MCL

eg confidence interval tolerance interval USEPA 1992 This approach also avoids

the problem when the maximum baseline constituent concentration is equal to the

method detection limit MIDL and any concentration above the MDL would constitute a

statistical exceedence eg beryllium is MDL in baseline data for all KIF wells This

result would imply that water quality was degraded when in fact small detectable

quantities may be of no environmental concern

In applying the NPI method to future compliance data for the facility one resample would

be required to confirm a UPL exceedence for testing performed at the 1 significance

level This resampling requirement is based on Gibbon’s 1994 table of probabilities

that at least one of two samples will be below the maximum of 13 baseline

measurements at a single monitoring well The NPI method requires that only the

wells showing the UPL exceedence be resampled and that sample analyses be limited

only to the exceeded constituent s

13
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Figure E I1a Quartile Graphs of Baseline Groundwater Monitoring Data Box

represents interquartile range encompassing 50 of data horizontal line within box

denotes median value and endpoints of vertical lines extending from either side of box

indicate extreme data values
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Figure E I1b Quartile Graphs of Baseline Groundwater Monitoring Data Box
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