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1. BACKGROUND AND PURPOSE OF SUPPLEMENT A 

1.1 BACKGROUND 

In 2010, the Kingston Ash Recovery Project Non-Time-Critical Removal Action for the River System 
Sampling and Analysis Plan (SAP), was reviewed and approved by the U.S. Environmental Protection 
Agency (EPA) and the Tennessee Department of Environment and Conservation.  The SAP was released 
for public posting on May 24, 2010.  The collection of biotic and abiotic media under the SAP has three 
primary objectives to support: a Preliminary Assessment of the Emory River and other river areas 
impacted by the spilled fly ash at the Tennessee Valley Authority (TVA) Kingston Fossil Plant (KIF) 
release in Roane County, Tennessee; an assessment of potential human health and ecological risks in the 
river; and decision-making for the restoration of impacted areas. 

Due to funding constraints, all but one sampling task under the SAP were not initiated until the beginning 
of fiscal year 2011 in October 2010.  The surface water sampling task was initiated on August 24, 2010 
commensurate with the completion of all dredging activities in the Emory River. 

1.2 PURPOSE OF SUPPLEMENT A 

The purpose of this Supplement to the SAP is to document changes that have occurred since the SAP was 
implemented.  Over the course of SAP implementation to date, a number of changes have been 
necessitated by field conditions, further consideration of the SAP objectives, and procurement of 
additional laboratories to accomplish the analyses specified in the SAP.  In addition, further review in 
preparation for field implementation has identified a number of inconsistencies in Appendices D and E of 
the SAP.  It is noted that none of the changes or inconsistencies impact fulfillment of the Data 
Quality Objectives specified in the SAP.  There have been no changes to the overall sampling design 
and procedures.   

The changes are described in two categories: Field Change Notices (FCNs)/Change Notices (CNs), and 
Errata.  FCNs and CNs have been prepared to document changes necessitated by: field conditions (e.g., 
change in sample location due to inaccessibility); further review of sampling objectives and consideration 
of analytes; and, documentation in support of unspecified preservation methods and/or holding times for 
some biotic media.  Errata include inadvertent omissions or incorrect citations, as well as references in the 
SAP that have been superseded by a revision to the Quality Assurance Project Plan for the Tennessee 
Valley Authority Kingston Ash Recovery Project (TVA-KIF-QAPP).  Errata are present in SAP 
Appendices D and E that summarize sample analyses, preservation, and holding times. 

Section 2.0 summarizes the FCNs and CNs generated to date.  Section 3.0 summarizes the Errata in 
Appendices D and E. 

2. FIELD CHANGE NOTICES 

Table 1 presents a listing of FCNs and CNs prepared to date. Copies of FCNs and CNs are provided in 
Attachment 1 of this Supplement to the SAP.  Original signed FCNs and CNs are on file and recorded in 
the Kingston Ash Recovery Project Document Control office. 
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Table 1. Field Change Notice and Change Notice as of July 25, 2011 

FCN/CN # Date Title Change 

FCN-001 04/28/10 Soil Metals Analysis from Well 
Borings 

Addition of metals analysis to the soil 
borings collected at GW-01, GW-02, 
TWP-04, TWP-05, TWP-06. 

FCN-002 06/8/10 Leaching Test – Hydraulic 
Conductivity Testing 

Addition of Hydraulic Conductivity testing 
to ash and lime treated ash. 

FCN-003 07/20/10 Bedrock Well Construction Wells TWP-24, TWP-25, and TWP-26 
will be installed using rotosonic drilling 
and rock coring techniques rather than 
hollow stem auger. 

FCN-004 07/20/10 Surface Water Level Measurement 
Locations 

Addition of 35 more locations for water 
level measurements to better refine the 
boundary conditions for the model. 

FCN-005 07/27/10 Equipment Rinsate Allowance for up to 2 additional 
equipment blanks for additional equipment 
types during GW drilling operations 

FCN-006 03/11/10 Lime Addition – In Situ Application Approval to add lime at a rate no greater 
than 6% dry weight to reduce the moisture 
of the ash. 

FCN-006A 08/20/10 PVC Outer Casing For GW-01 and 
GW-03 

Change well casing for GW-01 and GW-
03 from metal to PVC. 

FCN-007 08/10/10 Changes to Geoprobe Scope Several planned Geoprobe locations 
eliminated due to inadequacy to seal off 
alluvium from overlying ash porewater 
and safety concerns. 

FCN-008 10/10/10 Heron Colony Locations Heron eggs unable to be collected from 
CRM 2.5 as the colony was inactive in 
2010. 

FCN-009 10/10/10 Egg Shell Analysis A subset of tree swallow eggs will be 
selected for analysis of the egg shell, 
including eggs from 13 locations from 
potentially impacted areas and 7 reference 
sites.  

FCN-010 06/8/10 Tree Swallow Nest Box Locations Correct inconsistencies with tree swallow 
nest box locations between Section 3.9, 
Figure 3-16, and Appendix A. 

FCN-011 10/10/10 Addition of Strontium to All SAP 
Media Analyses 

Strontium added to list of requested metals 
analyzed in all sample media to support 
ongoing ecological studies. 

FCN-012 10/10/10 Arsenic Speciation Reduction in 
Shad 

Reduction from 100 to 25% of shad 
samples for arsenic speciation. 

FCN-013 12/3/10 Chromium VI and Mercury 
Speciation Elimination 

Elimination of chromium VI and mercury 
speciation in surface water samples. 

FCN-014 01/10/11 Justification for 12-week Holding 
Time for Sediment Toxicity Testing 
Samples 

Holding time extension from 8 weeks to 
12 weeks for sediment toxicity testing. 
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Table 1.  Field Change Notice and Change Notice Status as of July 25, 2011 
(continued) 

FCN/CN # Date Title Change 

FCN-015 10/10/10 Chemical Analysis of Water for 
Toxicity Tests 

Addition of chemical analyses of the 
surface water used for toxicity testing. 

FCN-016 01/25/11 Elimination of Aroclor 1262 and 
1268 

Elimination of Aroclor 1262 and 1268 
from sediment sampling MAG. 

FCN-018 01/31/11 Use of Compositing for Analysis of 
Fish Fillets Samples for Selected 
Constituents 

Due to sample size limitations of the 
bluegill specimens, compositing of filets 
will be implemented for Pest, PCB, and 
radiological analyses. 

FCN-019 01/31/11 Change in Holding Time for Fish 
Fillet Samples 

Change in fish fillet holding times for 
frozen samples to one year.  

FCN-020 01/25/11 Addition of PLM on Submerged 
Sediments sent for Toxicity Testing 
and Porewater Extraction 

Addition of PLM to submerged 
sediments sent for toxicity testing and 
porewater extraction. 

FCN-021 01/27/11 Addition of Metals Analysis on 
Composited Porewater-Extracted 
Sediments 

Addition of metals analysis to 
composited porewater-extracted 
sediments 

KRP-CN-001 04/19/11 Well Installation Materials and 
Equipment Changes 

Allows for the use of decontaminated 
stainless steel split spoons, a fluid rotary 
rig, and use of longer screens (20 ft). 

KRP-CN-002 03/29/11 Additional Laboratory PLM 
Analyses In VibeCore Sediment 
Samples from the Clinch, Emory, 
and Tennessee Rivers 

Adds laboratory confirmation of all PLM 
samples with field PLM results >50%. 

KRP-CN-003 07/13/11 Groundwater Sampling Update Table 2 of GW sampling SOP 
TVA-KIF-SOP-02 with currently used 
field form “Preliminary Groundwater 
Data Field Worksheet”. 

KRP-CN-004 07/13/11 Periphyton Sampling Update TVA-KIF-SOP-59 for Periphyton 
Sampling to reflect actual sampling in the 
boat, rather than transporting the 
periphytometers back to a location on 
shore for sampling. 

KRP-CN-005 06/27/11 Radionuclide and Metals Speciation 
Holding Times Changes (fish) and 
Various other Edits to Appendices D 
and E of the SAP 

Extend frozen fish holding times for 
radionuclides and metals speciation to 
one year, and various other edits and 
updates to SAP Appendices D and E. 

Note: For definitions, see the List of Acronyms section. 

3. ERRATA 

Errata include inadvertent omissions, incorrect citations, as well as references in the SAP that have been 
superseded by a revision to the TVA-KIF-QAPP.  Errata are present in SAP Appendices D and E that 
summarize sample analyses, preservation, and holding times.  Revised SAP Appendices D and E are 
provided as Attachment 2 of this Supplement to the SAP. 
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ATTACHMENT 2 
 

Revised Sampling and Analysis Plan Appendices D and E 
 

Modifications to the SAP are highlighted in red
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Sample Task Sample Point Approx 
Sample No Matrix 

Sampling 
Method/ 

Equipment 
Required Analysis Analytical Method Holding Time Sample  

Preservation Containers 

Ash Deposit Sampling 

Emory River Reference 
Reach 

10 locations upstream of ERM 6.0, 
 3 locations upstream of CRM 4.5, 
 3 locations upstream of TRM 568.0 

16 samples 

Ash/ 
Sediment Vibracore 

Visual observations 
PLM (field lab)                

Field Observations 
TVA-KIF-SOP-27 None None PLM - 1 x 4-oz jar 

Emory Reach C 
ERM 3.5 - ERM 6.0 - 10 1/4 mile transects, 
samples collected left-center-right in river 
channel  

30 samples 

Emory Reach B (Channel) ERM 1.5 - ERM 3.5 - 16 dredge grid sections 
with 2 samples per grid section 32 samples 

Emory Reach B  
(Non-channel) 

ERM 1.5 - ERM 3.5 - 16 1/8 mile sections, 
samples collected left-right of channel, plus 10 
samples targeting larger coves 

32 samples 

Intake Channel 5 random locations collected similar to non-
channel sections above 5 samples 

Emory Reach A ERM 0.0 - ERM 1.5 - 12 1/8 mile sections, 
samples collected left-center-right of channel 36 samples 

Clinch Reach B CRM 3.0 - CRM 4.5 - 12 1/8 mile sections, 
samples collected left-center-right of channel 36 samples 

Clinch Reach A CRM 0.0 - CRM 3.0 - 12 1/8 mile sections, 
samples collected left-center-right of channel 36 samples 

Tennessee Reach B TRM 566 - 568 - 8 1/2 mile sections, samples 
collected left-center-right of channel 12 samples 

Tennessee Reach A TRM 550 - 566 - 4 sections, every 5 miles; 
samples collected left-center-right of channel 12 samples 

Small coves Selected small coves or anomalies 21 samples 

Confirmatory PLM 10% or samples sent to fixed lab for PLM 26 samples PLM (fixed lab) EPA-600/M4-82-020,  
RJ Lee Group, Inc. SOP OPT-023 None None PLM - 1 x 4-oz jar 

Seasonally-Exposed Sediment Sampling 

Emory Reference Reach Upstream of ERM 6.0 in the Emory River, 
collected randomly along shoreline 5 samples 

Ash/ 
Sediment 

Hand Auger/ 
Vibracore 

Visual observations             
PLM (field lab)                    
Metals                   

PLM - TVA-KIF-SOP-27 
Metals/Hg - SW-846 
6010B/6020/7471A   

PLM - none   
Metals - 180 days  
Hg - 28 days   

PLM - none  
Metals/Hg - cool 
<6°C     

PLM -1 x 4-oz jar  
Metals/Hg  -  
1 x 8-oz jar                 

Emory Reach C ERM 3.5 - ERM 6.0 - 10 locations, 4 per mile 
alternating left-right bank 10 samples 

Emory Reach B ERM 1.5 - ERM 3.5 - 16 locations, 8 per mile 
alternating left-right bank 16 samples 

Intake Channel 2 random locations  2 samples 

Emory Reach A ERM 0.0 - ERM 1.5 - 12 locations, 8 per mile 
alternating left-right bank 12 samples 
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Sample Task Sample Point Approx 
Sample No Matrix 

Sampling 
Method/ 

Equipment 
Required Analysis Analytical Method Holding Time Sample  

Preservation Containers 

Clinch Reach B CRM 3.0 - CRM 4.5 - 12 locations, 8 per mile 
alternating left-right bank 12 samples 

Clinch Reach A CRM 0.0 - CRM 3.0 - 12 locations, 4 per mile 
alternating left-right bank 12 samples 

Radionuclides, Legacy 
Constituents, and Chemical 
Speciation Samples 

Random selection of 25% of above locations  18 samples 

Radionuclides (K-40, RA 
226/228, iso-Th,  iso-U, 
Cs-137, Co-60) 
PAHs (parent & 
alkylated)                             
PCBs                                   
Pesticides              
Metals speciation (As, Se, 
Hg, Cr) 
TOC 

Radionuclides -EML HASL-300  
PAHs - SW-846 8270 SIM   
PCBs - SW-846 8082       
Pest - SW-846 8081A        
CrVI- SW846 3060A/7199 
As - EPA 1632 mod 
Hg - EPA 1630/1631 mod  
Se - Lab SOP 
TOC -  ASTM D-2974/ Walkley 
Black 

Radionuclides - 180 
days 
PAHs, PCBs, Pest - 
14 days prep, then 40 
days to analysis  
CrVI- 24 hours 30 
days 
As - 28 days 
Se and  Hg - 1 year  
TOC - 14 days 

Radionuclides - cool 
<6°C  
PAHs, PCBs, Pest - 
cool <6°C  
CrVI - cool <6°C 
As, Se, Hg - frozen (-
10° C) ship on dry ice
TOC - cool <6°C 

                
Radionuclides - 1 x 
8-oz jar 
PAHs, PCBs, Pest, 
Metals - 1 x 8-oz jar
CrVI - 1 x 8 oz jar 
As, Se, Hg - 1 x 500 
ml HDPE jar 
TOC - 1 x 8 oz jar 

Confirmatory PLM Random selection of 10% of above locations  7 samples PLM (fixed lab) EPA-600/M4-82-020,  
RJ Lee Group, Inc. SOP OPT-023 None None PLM - 1 x 4-oz jar 

Submerged Sediment Sampling 
Reference Locations  
(Emory, Clinch, Tennessee 
Rivers) 

3 locations upstream of ERM 6.0, 
 3 locations upstream of CRM 4.5, 
 3 locations upstream of TRM 568.0 

9 samples 

Ash/ 
Sediment 

Hand Auger/ 
Vibracore 

Visual observations and 
PLM (included in ash 
deposit sampling)                
Metals                                  

Metals - SW-846 6010B/6020/7471A   Metals - 180 days   
Hg - 28 days Metals - cool <6°C Metals - 1 x 8-oz 

jars                  

Emory Reach C ERM 3.5 - ERM 6.0 - 10 locations, 4 per mile 10 samples 

Emory Reach B ERM 1.5 - ERM 3.5 - 16 locations, 8 per mile 16 samples 

Intake Channel 2 random locations  2 samples 

Emory Reach A ERM 0.0 - ERM 1.5 - 12 locations, 8 per mile 12 samples 

Clinch Reach B CRM 3.0 - CRM 4.5 - 12 locations, 8 per mile 12 samples 

Clinch Reach A CRM 0.0 - CRM 3.0 - 12 locations, 4 per mile  12 samples 

Tennessee Reach B TRM 566 - 568 - 4 locations, 2 per mile 4 samples 

Tennessee Reach A TRM 550 - 566 - 4 locations, every 5 miles 4 samples 
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Sample Task Sample Point Approx 
Sample No Matrix 

Sampling 
Method/ 

Equipment 
Required Analysis Analytical Method Holding Time Sample  

Preservation Containers 

Radionuclides, Legacy 
Constituents, and Chemical 
Speciation Samples 

Random selection of 25% of above samples  20 samples 

Radionuclides  
(K-40, Ra-226/228, iso-
Th, iso-U, Cs-137, Co-60)   
PAHs (parent & 
alkylated)                             
PCBs  
Pesticides    
AVS/SEM     
Metals speciation (As, Se, 
Hg, Cr) 
TOC 

Radionuclides - EML HASL-300  
PAHs - SW-846 8270 SIM                     
PCBs - SW-846 8082                              
Pest - SW-846 8081A          
AVS/SEM - EPA-821-R-91-100 
CrVI - SW-846 3060A/7199,  
As - EPA 1632 mod  
Hg - EPA 1630/1631 mod 
Se - Lab SOP 
TOC - ASTM D2974/ Walkley Black 

Radionuclides - 180 
days 
PAHs, PCBs, Pest - 
14 days prep, then 40 
days to analysis  
AVS/SEM - 14 days 
CrVI- 24 hours 30 
days 
As - 28 days 
Se and  Hg - 1 year  
TOC - 14 days 

Radionuclides - cool 
<6°C  
PAHs, PCBs, Pest - 
cool <6°C  
AVS/SEM - cool 
<6°C frozen (-10°C) 
ship on dry ice  
As, Se, Hg - frozen (-
10° C) ship on dry ice
CrVI - cool <6°C 
TOC - pH <2 HCl, 
cool <6°C 

Radionuclides - 1 x 
8-oz jars 
PAHs, PCBs, Pest - 
2 x 8 oz jar 
TOC- 2 x 4 oz jar       
AVS/SEM - Lexan 
liner/4 oz glass (zero 
headspace) 
As, Se, Hg - TOC - 
2 x 40-mL glass vial 
1 x 500 ml HDPE jar
CrVI - 1 x 8 oz jar 

Submerged Sediment Sampling - Bioassay 

Reference Locations                Upstream  Emory River > ERM 6.0 2 samples 

Ash/ 
Sediment 

Ponar 
Sampling 
Device 

PLM 
PAHs (parent & 
alkylated)  
PCBs 
Pesticides    
Metals                   
CrVI 
Radionuclides  
(K-40, Ra-226/228,  
iso Th, iso U, Cs-137, Co-
60)            
AVS/SEM                  
EPA tox test parameters 
(e.g, TOC, grain size) 
Sequent-extract metals 
Metals speciation (As, Se, 
Hg)                  

PLM - EPA-600/M4-82-020,  
RJ Lee Group, Inc. SOP OPT-023 
PAHs - SW-846 8270 SIM                     
PCBs - SW-846 8082                              
Pest - SW-846 8081A                           
Metals - SW-846 6010B/6020/7471A   
CrVI - SW-846 3060A/7199 
Radionuclides - EML HASL-300  
AVS/SEM - EPA-821-R-91-100 
TOC - ASTM D2974/ Walkley Black 
Grain size - ASTM D 422 
Sequentially-extracted metals 
(SEM) - Querol et. al. (1999) 
As - EPA 1632 mod 
Hg- EPA 1630/1631 mod 
Se - Lab SOP 

PLM - none 
PAHs, PCBs, Pest - 
14 days prep, then 40 
days to analysis  
Metals - 180 days 
Hg - 28 days   
CrVI - 30 days 
Rad - 180 days  
AVS/SEM - 14 days 
to AVS analysis, 180 
days to metals 
analysis 
TOC - 14 days  
Grain size - none 
SEM - 14 days prep/ 
180 analysis 
As - 28 days 
Se and Hg - 1 year 

PLM - none 
PAHs, PCBs, Pest - 
cool <6°C  
Metals - none   
CrVI - cool <6°C  
Radionuclides - cool 
<6°C   
AVS/SEM - cool 
<6°C frozen (-10°C) 
ship on dry ice   
TOC - none cool 
<6°C  
Grain size - none 
SEM - cool <6°C 
As, Se, Hg - frozen (-
10° C) ship on dry ice 

PLM - 1 x 4 oz jar 
PAHs, PCBs, Pest, 
Metals - 2 x 8 oz 
jars 
TOC - 2 x 4 oz jars     
CrVI - 1 x 8 oz jar 
Radionuclides - 1 x 
8 oz jar 
AVS/SEM - Lexan 
liner/4 oz glass (zero 
headspace) 
Grain size - 1 x 8 oz 
jar 
SEM - 1 x 4oz Jar, 
no headspace 
As, Se, Hg - 1 x 500 
ml HDPE jar 

Emory Reaches A, B, C 
ERM 0.0 - 1.5,    
ERM 1.5 - 3.5,  
ERM 3.5 - 6.0   

8 samples 

Reference Locations                Upstream  Clinch River > CRM 4.5 2 samples 

H. azteca - 10, 28 day   
C. dubia - 7 day  
C. tentans - 10, 28 day  

Inland Testing Manual, EPA 600/R-
99/064 (Method 100.1)  
ASTM E 1706-05 (Annex A2) 
EPA-821-R-02-013 

8 weeks Cool <6°C   Minimum 6 x 5-gal 
buckets Clinch Reaches A, B CRM 0.0 - 3.0, ERM 3.0 - 4.5 8 samples 

Sediment Porewater Sampling 

Reference Locations                Upstream  Emory River > ERM 6.0 2 samples 

Sediment 
Porewater 

Ponar 
Sampling 
Device or 
Vibracore 

PLM 
Metals (dissolved) 
Metals speciation (As and 
Se) 
DOC 
Hardness 
Major ions (chloride, 
sulfate) 

PLM - EPA-600/M4-82-020,  
RJ Lee Group, Inc. SOP OPT-023 
Metals - SW-846 6010B/6020/7470A   
As - EPA 1632 mod 
Se - Lab SOP 
DOC - SM 5310B 
Hardness - EPA 200.7/200.8,  
SM 2340B 

PLM - none 
Metals - 180 days    
Hg - 28 days     
As - 28 days 
Se - 1 year 
DOC - 28 days  
Hardness - 180 days 
Major ions -28 days 

PLM - none 
Metals/Hg - filter 
then pH<2 HNO3   
As and Se - cool 
<6°C   
DOC - field filter,  
pH<2 H2SO4,  
cool <6°C  

PLM - 1 x 4 oz jar 
Metals/Hg - 1 x 1-L 
HDPE                  
As, Se, Hg - 1 x 250 
mL HDPE 
DOC - 1 x 250 mL 
jar 
Hardness - 1 x 250 

Emory Reaches A, B, C 
ERM 0.0 - 1.5,    
ERM 1.5 - 3.5,  
ERM 3.5 - 6.0   

8 samples 

Reference Locations                Upstream  Clinch River > CRM 4.5 2 samples 
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Sample Task Sample Point Approx 
Sample No Matrix 

Sampling 
Method/ 

Equipment 
Required Analysis Analytical Method Holding Time Sample  

Preservation Containers 

Clinch Reaches A, B CRM 0.0 - 3.0, ERM 3.0 - 4.5 8 samples 

Alkalinity 
DO, pH, ORP, SC 

Major ions - EPA 300 
Alkalinity - SM 2320B 
DO, pH, ORP, SC - direct 
measurement 

Alkalinity - 14 days Hardness - ph<2 
HNO3, cool <6°C  
Major ions - cool 
<6°C 
Alkalinity - cool 
<6°C 

mL HDPE 
Major ions - 1 x 
250 mL HDPE 
Alkalinity - 1 x 250 
mL HDPE 

Overlay Water Sampling                   

Emory Reference Reach   Upstream of ERM-6.0 12 samples Surface 
Water 

Peristaltic 
pump Metals Metals - SW-846 6010B/7470A  Metals - 180 days 

Hg - 28 days                  
Metals/Hg - pH<2 
HNO3, cool <6°C  

Metals/Hg - 1 x 500 
mL HDPE   

Clinch Reference Reach Upstream of CRM-4.5 15 samples     DOC 
TSS 

DOC - SM5310B 
TSS - SM2540D 

DOC - 28 days 
TSS - 7 days 

DOC - pH<2 H2SO4, 
cool <6°C  
TSS - cool <6°C  

DOC- 1 x 1L HDPE
TSS - 2 x 1L HDPE 

Surface Water Sampling 

Reference Locations  
(Emory, Clinch, Tennessee 
Rivers) 

ERM 8.0, CRM 6.0, TRM 568.5 (adjust to 
correlate with reference sediments) - 3 locations 
x 2 depths x 8 weekly rounds  

48 samples 

Surface 
Water 

Peristaltic 
pump 

Metals (total/dissolved)  
TSS/TDS  
DOC 
Hardness 
DO, pH, ORP, SC, temp, 
turbidity                  

Metals - SW-846 6010B/6020/7470A; 
EPA 200.7/200.8/245.7   
TSS - EPA 160.2                                    
TDS - EPA 160.1                      
DOC - SM 5310B          
Hardness - EPA 200.7/200.8,  
SM 2340B 
DO, pH, ORP, SC, temp, turbidity - 
direct measurement 

Metals - 180 days  
Hg - 28 days   
TSS/TDS - 7 days         
DOC - 28 days              
Hardness - 180 days 

Metals - pH<2 
HNO3, cool <6°C          
TSS/TDS - cool <6°C   
DOC - field filter, 
pH<2 H2SO4,  
cool <6°C                
Hardness - pH<2 
HNO3 cool <6°C 

Total  metals -  
1 x 1 L HDPE             
Diss metals -  
1 x 1 L HDPE             
TSS - 2 x 1 L HDPE
TDS - 1 x 1 L 
HDPE                  
DOC - 1 x 250 mL 
glass jar 
Hardness - 1 x 250 
ml HDPE 

Emory River Locations 
ERM 1.0, 2.0, 3.0, 4.0 (adjust to correlate with 
submerged sediments) 4 locations x 2 depths x 8 
weekly rounds  

64 samples 

Clinch River Locations 
CRM 2.0, 3.5 (adjust to correlate with 
submerged sediments) 2 locations x 2 depths x 8 
weekly rounds  

32 samples 

Tennessee River Location 
TRM 566 (adjust to correlate with submerged 
sediments) 1 locations x 2 depths x 8 weekly 
rounds  

16 samples 

Radionuclides, and 
Chemical Speciation 
Samples 

Random selection of 25% of above locations  40 samples 

Radionuclides (K-40, Ra-
226/228, iso-Th, iso-U, 
Cs-137, Co-60) 
Metals speciation (As and 
Se) 

Radionuclides - EML HASL-300   
As - EPA 1632 
Se - Lab SOP 

Radionuclides - 180 
days               
As - 28 days 
Se - 14 days 

Radionuclides - 
HNO3 to pH<2, cool 
<6°C                      
As, Se, - cool <6°C  

Radionuclides - 1 x 
2.5 gal cubitainer        
As, Se - 1 x 250 mL 
HDPE 

Reference Bioassay 
Location  (Emory River) 

ERM 8.0 (adjust to correlate with reference 
sediments) - 1 location 1 sample 

C. dubia - 7 day                   
P. promelas - 7 day 

Inland Testing Manual, 
EPA-821-R-02-013 
(EPA Method 1000.0 and 1002.0) 

36 hours to first use Cool <6°C   5 or 2.5 gallon 
cubitainers Emory River Bioassay 

Locations 
ERM 1.0, 2.0, 3.0, 4.0 (adjust to correlate with 
submerged sediments) 4 locations  4 samples 
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Sample Task Sample Point Approx 
Sample No Matrix 

Sampling 
Method/ 

Equipment 
Required Analysis Analytical Method Holding Time Sample  

Preservation Containers 

Groundwater Sampling and Aquifer Testing 

Water Level Measurements 
(Feb-Apr) 

4 existing SW locations onsite                    
60 existing well points in ash       
82 existing well points in alluvium                         
2 existing wells in alluvium  
4 new well points in alluvium      
3 existing wells in residuum                            
1 new well in residuum                                
8 existing well points in bedrock  
3 new well points in bedrock 
1 existing well in bedrock                            
2 new wells in bedrock 

170 tests 

Ground-
water 

Water Level 
Meter Water level Field Measurement None None None 

Water Level Measurements 
(Jul-Sep) 170 tests 

Vertical Gradient 
Measurements 8 paired well points  16 tests Ground-

water 
Pressure 

tranducers Hydraulic head Field Measurement None None None 

Soil Porosity/ Density Tests 

3 new well boreholes in residuum     
3 new well point boreholes in alluvium (sand & 
clay) 
2 boreholes in alluvium (sand & clay) 

12 samples Soil Shelby Tubes 

Dry bulk density         
Effective porosity 
Total porosity  
Moisture content                

ASTM D 7263 
Article reference (Corey, A.T. 1994) 
ASTM D 7263 
ASTM D 7263 

28 days 
Sealed ends of sample 
tube,  
cool 4°C 

Shelby tube 

Hydraulic Conductivity 
Tests 2 new well boreholes in residuum 2 samples Soil Shelby Tubes 

Vertical Saturated 
hydraulic conductivity 
Water Potential 
Specific Gravity Fine 

ASTM D2434 
 
ASTM D6836 
ASTM D854 

None Sealed ends of sample 
tube Shelby tube 

In-situ Hydraulic 
Conductivity Measurements 

3 new well points in Dredge/Ash Pond Area -- 
alluvium (silt/clay and sand) 3 tests 

Aquifer 

Borehole flow 
meter test 

Horizontal hydraulic 
conductivity Field measurement 

None None None 

AD-1, AD-2, 6AR, 22, TWP-22, and new 
upgradient residuum well GW-1 6 tests Aquifer slug 

test 

None None None 3 new well points in Dredge/Ash Pond Area --
bedrock 3 tests Single well 

aquifer pump 
test 2 new upgradient bedrock wells 2 tests 

Column Leaching Tests 6 samples - ash landfill/stilling pond                      
2 samples - ash processing area 8 samples Ash Split barrel 

samplers 

Column leaching test (As, 
Hg, Cr, Se, Ra-226, Th-
228) 

SW-846 Method 1314 (draft) 
ASTM D4793 None None 2 x 16 oz jars 
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Sample Task Sample Point Approx 
Sample No Matrix 

Sampling 
Method/ 

Equipment 
Required Analysis Analytical Method Holding Time Sample  

Preservation Containers 

Groundwater Sampling and Aquifer Testing 

Soil Attenuation Capacity 
Tests 

4 samples of alluvial clay/silt                                  
5 samples of alluvial silty sand               9 samples Soil 

Shelby tube or 
split barrel 
sampler w/ 

liner 

Mineral composition  
Free iron oxide      
CEC, exchangable 
cations, calcite 
equivalent, soluble salts, 
soil pH 

Mineral composition - XRD and 
polarized light microscopy  
Free Iron Oxide - Chao and Zhou 
(1983) 
CEC, exchangable cations, calcite 
equivalent, soluble salts, soil pH - 
ASA 1996,  Methods 14,15,16, and 
40, or equivalent Lab SOP 

28 days 
Sealed ends of sample 
tube,  
cool <6°C 

Shelby tube or split-
barrel liner 

Constituent Concentrations 
in Groundwater in Contact 
with Ash 

18 boreholes/Geoprobes in ash 18 samples Leachate 
DPT or  

low-flow 
sampling 

Metals (diss.)  
TSS, TDS              
Anions (chloride, 
fluoride, sulfate, nitrate-
nitrite) 
Ammonia-N  
Radionuclides  (diss.) 
(K-40, Ra-226/228,  
iso-Th, iso-U)     
Field parameters (pH, 
ORP, DO, SC, 
temperature)              

Metals - SW-846 6010B/6020/7470A 
; 
EPA 200.7/200.8/245.7       
TSS - EPA 160.2    
TDS - EPA 160.1      
Anions - EPA 300 
Ammonia-N - EPA 350.1      
Radionuclides - EML HASL 300  

Metals - 180 days 
Hg - 28 days                  
TSS/TDS - 7 days  
Anions - 28 days  
Ammonia-N - 28 
days   
Radionuclides - 180 
days                           

Metals - pH<2 
HNO3, cool <6°C          
TSS/TDS/Anions - 
cool <6°C       
Ammonia - pH<2 
H2SO4, cool <6°C  
Radionuclides - 
HNO3 to pH <2, cool 
<6°C                              

Metals - 1 x 1 L 
HDPE  
TSS/TDS - 1 x 1 L 
HDPE   
Anions - 1 x 1 L 
HDPE   
Ammonia - 1 x 1 L 
HDPE  
Radionuclides - 1 x 
2.5 gal. cube  

Constituent Concentrations 
in Groundwater 

6 existing wells                                             
3 new wells                                                  
4 new well points in alluvium 
3 new well points in bedrock 
3 boreholes/Geoprobes in alluvium 

19 samples Ground-
water 

DPT or  
low-flow 
sampling 

Metals (diss.)  
TSS, TDS              
Anions (chloride, 
fluoride, sulfate, nitrate-
nitrite) 
Ammonia-N  
Radionuclides  (diss.) 
(K-40, Ra-226/228,  
iso-Th, iso-U)     
Field parameters (pH, 
ORP, DO, SC, 
temperature)              

Metals - SW-846 6010B/6020/7470A; 
EPA 200.7/200.8/245.7        
TSS - EPA 160.2    
TDS - EPA 160.1      
Anions - EPA 300 
Ammonia-N - EPA 350.1      
Radionuclides - EML HASL 300  

Metals - 180 days  
Hg - 28 days                  
TSS/TDS - 7 days  
Anions - 28 days  
Ammonia-N - 28 
days   
Radionuclides - 180 
days                           

Metals - pH<2 
HNO3, cool <6°C          
TSS, TDS, Anions - 
cool <6°C       
Ammonia - pH<2 
H2SO4, cool <6°C  
Radionuclides - 
HNO3 to pH < 2, cool 
<6°C                             

Metals - 1 x 1 L 
HDPE                  
TSS, TDS - 1 x 1 L 
HDPE              
Anions - 1 x 1 L 
HDPE         
Ammonia - 1 x 1 L 
HDPE  
Radionuclides - 1 x 
2.5 gal cube                
TSS, TDS - 1 x 1 L 
HDPE 

Benthic Invertebrates Sampling 

Reference Locations                

Emory River  >  ERM6.0,                    
Clinch River near CRM 6.0; 
3 composite samples per location; each of 3 
taxon (snail, larval mayfly, adult mayfly) 

18 samples 

Benthos 
non-

depurated 

Ponar/ 
Peterson Metals Metals - SW-846 6010B/6020/7471A    

Metals - 180 days   
1 year  
Hg - 28 days  1 year      

Metals/Hg - frozen (-
10°C) none   

Metals/Hg - 1 x 8 -
oz  jar (2 g min 
volume) Emory Reaches A, B, C 

ERM 1.0, 2.5, 4.0; 
3 composite samples per location; each of 3 
taxon (snail, larval mayfly, adult mayfly) 

27 samples 

Clinch Reaches A, B 
CRM 1.5, CRM 3.5;  
3 composite samples per location; each of 3 
taxon (snail, larval mayfly, adult mayfly) 

18 samples 
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Sample Task Sample Point Approx 
Sample No Matrix 

Sampling 
Method/ 

Equipment 
Required Analysis Analytical Method Holding Time Sample  

Preservation Containers 

Reference Locations                

Emory River  >  ERM6.0,                    
Clinch River near CRM 6.0; 
3 composite samples per location; each of 2 
taxon (snail, larval mayfly) 

12 samples 

Benthos 
depurated 

Ponar/ 
Peterson Metals Metals - SW-846 6010B/6020/7471A    

Metals -180 days  
1 year  
Hg -28 days 1 year        

Metals/Hg – none 
frozen (-10°C)  

Metals/Hg - 1 x 8 -
oz  jar (2 g min. 
volume) Emory Reaches A, B, C 

ERM 1.0, 2.5, 4.0; 
3 composite samples per location; each of 2 
taxon (snail, larval mayfly) 

18 samples 

Clinch Reaches A, B 
CRM 1.5, CRM 3.5;  
3 composite samples per location; each of 2 
taxon (snail, larval mayfly) 

12 samples 

Reference Location transects   

Emory River  near  ERM 6.0                                  
Clinch River near CRM 6.0 
Tennessee River near TRM 574.0; 
10 samples/transect 

30 samples 

Benthos Ponar/ 
Peterson 

Biosurvey of Benthic 
Communities 

Laboratory identification and 
enumeration N/A Formalin pint and/or quart jars Emory River biosurvey 

transects 
ERM 1.0, 2.0, 3.0, 4.0, and 5.0; 
10 samples/transect 50 samples 

Clinch River biosurvey 
transects 

CRM 0.5, 1.5, 3.0, and 4.0; 
10 samples/transect 40 samples 

Tennessee River biosurvey 
transects 

TRM 560.8 and 566.5; 
10 samples/transect 20 samples 

Fish Sampling 

Reference Locations  
(bass, bluegill, catfish)             

Upstream  Emory River near ERM 8.0       
Upstream Clinch River near CRM 8.0; 
3 species per reach; up to 6 replicates 

36 samples 
Non-Filet 
Portion of 

Fish 

Electro-shock/ 
gill net 

Metals 
Speciation (As)  
% Moisure 
% Lipids              
Pest/PCB - 25% of the 
samples 

Metals - SW-846 6010B/6020/7471A  
% Moisure - ASTM D2974-87 
% Lipids - Lab SOP        
As speciation - EPA 1632 mod 
PCBs - SW-846 8082                         
Pest - SW-846 8081A            

Metals - 1 year,  
Hg - 1 year 
PCBs, Pest - 1 year 
As speciation - 1 year 

frozen (-10°C) ship on 
dry ice 

Plastic bag  
Metals - 2 g (min. 
volume) 
PCBs, Pest - 20 g 
(min. volume) 
% Moisture - 0.2 g 
(min. volume) 

Emory Reaches A, B, C  
(bass, bluegill, catfish)       

ERM 1.0, 2.5, 4.5; 
3 species per reach; up to 6 replicates 54 samples 

Clinch Reaches A, B  
(bass, bluegill, catfish)       

CRM 1.5, CRM 3.5;  
3 species per reach; up to 6 replicates 36 samples 

Reference Locations  
(bass, bluegill, catfish)             Same as above; filet portion 36 samples 

Filet Portion 
of Fish 

Metals           
Speciation (As)  
% Moisture 
% Lipids   
Pest/PCB - 25% of the 
samples            
Radionuclides (K-40, RA 
226/228, iso-Th, iso-U, 
Cs-137, Co-60) (25% of 
the filet samples)         

Metals - SW-846 6010B/6020/7471A 
% Moisure - ASTM D2974-87 
% Lipids - Lab SOP         
As speciation - EPA 1632 mod  
PCBs - SW-846 8082                         
Pest - SW-846 8081            
Radionuclides - EML HASL-300  

Metals - 1 year              
Hg - 1 year    
As speciation - 1 year 
PCBs, Pest - 1 year 
Radionuclides - 1 
year 

frozen (-10°C) ship on 
dry ice 

Plastic bag  
Metals - 2 g (min. 
volume) 
PCBs, Pest - 20 g 
(min. volume) 
Radionuclides - 150 
- 200 g  
% Moisture - 0.2 g 
(min. volume) 

Emory Reaches A, B, C  
(bass, bluegill, catfish)       Same as above; filet portion 54 samples 

Clinch Reaches A, B  
(bass, bluegill, catfish)       Same as above; filet portion 36 samples 
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Sample Task Sample Point Approx 
Sample No Matrix 

Sampling 
Method/ 

Equipment 
Required Analysis Analytical Method Holding Time Sample  

Preservation Containers 

Reference Locations  
(gizzard shad, threadfin 
shad)                                         

Upstream  Emory River near ERM 8.0       
Upstream Clinch River near CRM 8.0; 
3 composite samples per reach; 2 species 

12 samples 

Whole Body 
Fish 

Metals           
Speciation (As)  
% Moisture  
% Lipids  
Pest/PCB - 25% of the 
samples        

Metals - SW-846 6010B/6020/7471A 
% Moisure - ASTM D2974-87 
% Lipids - Lab SOP     
As speciation - EPA 1632 mod 
PCBs - SW-846 8082                         
Pest - SW-846 8081            

Metals - 1 year  
Hg - 1 year 
As speciation - 1 year 
PCBs, Pest - 1 year 

frozen (-10°C) ship on 
dry ice 

Plastic bag  
Metals - 2 g (min. 
volume) 
PCBs, Pest - 20 g 
(min. volume) 
% Moisture - 0.2 g 
(min. volume) 

Emory Reaches A, B, C 
(gizzard shad, threadfin 
shad) 

ERM 1.0, 2.5, 4.0; 
3 composite samples per reach; 2 species 18 samples 

Clinch Reaches A, B 
(gizzard shad, threadfin 
shad) 

CRM 1.5, CRM 3.5;  
3 composite samples per reach; 2 species 12 samples 

Reference Locations   
(biosurvey)                               Use historical data only none 

Fish Biosurvey of Fish 
Community Field Observations N/A N/A N/A 

Emory Reach B 
(biosurvey) 

ERM 1.5-3.5 
1 survey per reach 1 survey 

Confluence Emory/Clinch 
(biosurvey) 

Confluence of Emory and Clinch Rivers (ERM 
0.0 to 1.0 and CRM 4.0 to 5.0) 1 survey 

Clinch Reaches A 
(biosurvey) 

CRM 0.0-2.0 
1 survey per reach 1 survey 

Wildlife Sampling 

Reference Locations  
(tree swallow)                          

Melton Hill Dam, Fort Loudon Dam;  
min. 10 replicates each site 20 samples 

Tree 
Swallow 

egg/ 
nestling 

Nest Robbing Metals 
% Moisture 

Metals - SW-846 6010B/6020/7471A 
Moisture - Lab SOP   

Metals - 1 year 180 
days  
Mercury - 1 year 28 
days 

frozen (-10°C) ship on 
dry ice 

Plastic bag 
Metals - 2 g (min. 
volume) 
% Moisture - 0.2 g 
(min. volume) 

Emory River  
(tree swallow)    

Near  ERM 2.5 and ERM 3.0; 
min. 10 replicates each site 20 samples 

Clinch River 
(tree swallow)    

Near CRM 1.0 and CRM 2.5;  
min. 10 replicates each site 20 samples 

Tennessee River 
(tree swallow)    

Near TRM 566.0;  
min. 10 replicates each site 10 samples 

Reference Locations     
(heron)                                   

TN River near TRM 569.5;  
up to 10 replicates each site 10 samples 

Heron egg/ 
nestling 

Emory River  
(heron) 

Near ERM 3.0;  
up to 10 replicates each site 10 samples 

Clinch River 
(heron) 

Near CRM 2.5;  
up to 10 replicates each site 10 samples 

Aquatic Vegetation Sampling 

Reference Locations  
(emergent macrophytes)          

Upstream of ERM 6.0, upstream of CRM 4.5, 
and upstream of TRM 568.0; 3 locations per 
reach; 2 samples per location (one of each plant 
type) 

18 samples Macro-
phyte 

Plant 
Clippings 

Metals 
% Moisure 

Metals - SW-846 6010B/6020/7471A 
Moisture - ASTM D2974-87                  
          

Metals - 1 year 180 
days 
Hg - 1 year 28 days 

frozen (-10°C) ship on 
dry ice 

Plastic bag  
Metals - 2 g (min. 
volume) 
% Moisture - 0.2 g 
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Sample Task Sample Point Approx 
Sample No Matrix 

Sampling 
Method/ 

Equipment 
Required Analysis Analytical Method Holding Time Sample  

Preservation Containers 

Emory Reaches A, B, C  
(emergent macrophytes)       

ERM 0.0-1.5, 1.5-3.5, 3.5-6.0; 3 locations per 
reach; 2 samples per location  (one of each plant 
type) 

18 samples 
(min. volume) 

Clinch Reaches A, B  
(emergent macrophytes)       

CRM 0.0-3.0, 3.0-4.5; 3 locations per reach; 2 
samples per location (one of each plant type) 12 samples 

Tennessee Reach B  
(emergent macrophytes)       

TRM 566-568; 3 locations per reach; 2 samples 
per location (one of each plant type) 

6  
samples 

Reference Locations  
(periphyton)                             

Upstream  of ERM 6.0, upstream of CRM 4.5; 
one location each reach; 3 composite samples 
per location  

6  
samples 

Peri-phyton Artificial 
Substrate 

Metals 
% Moisure 

Metals - SW-846 6010B/6020/7471A 
Moisture - ASTM D2974-87                 

Metals - 1 year 180 
days,  
Hg - 1 year 28 days 

frozen (-10°C) ship on 
dry ice 

Plastic cup  
Metals - 2 g min 
% Moisture - 0.2 g 
(min. volume) 

Emory Reaches A, B, C  
(periphyton)      

ERM 1.0, 2.5, 4.0; one location per reach; 3 
composite samples per location 

9  
samples 

Clinch Reaches A, B  
(periphyton)      

CRM 1.5, 3.5; one location per reach; 3 
composite samples per location 

6  
samples 
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Appendix E 
Quality Assurance Project Plan Addendum 

 
The Kingston Ash Recovery Project has developed a comprehensive Quality Assurance Project Plan 
(QAPP) which governs the collection, analysis, reporting, and use of environmental data associated with 
the overall project.  The QAPP (ESI 2009) has been approved by the U.S. Environmental Protection 
Agency (EPA) and the Tennessee Department of Environmental Conservation and is available in the 
Administrative Record, available at http://www.tva.gov/kingston/admin_record/index.htm.  The QAPP 
was prepared in accordance with EPA’s Guidance for Quality Assurance Project Plans, EPA QA/G-5 
(EPA 2002).  The QAPP provides the framework for implementation of the environmental sampling to 
support both time-critical and non-time-critical removal actions, as needed.  The QAPP addresses most of 
the required elements of a QAPP. 

This addendum supplements the QAPP by providing task-specific information for the required elements 
that are not included in the approved QAPP (e.g., task-specific data quality objectives).  Table E-1 
provides a “cross-walk” that summarizes the document location where the task-specific QAPP-required 
elements may be found. 

Task-specific sampling procedures are described in Section 5.0 of the River System Sampling and 
Analysis Plan (SAP).  Details are specified in the Standard Operating Procedures (SOPs) listed in Table 
E-2. 

Appendix C to the QAPP presents quality assurance requirements for aqueous matrices.   For the SAP, 
aqueous matrices will include sediment porewater, surface water (mid-depth and epibenthic), and 
groundwater (both in contact with the ash and within the aquifer system).  The following supplementary 
information is provided for the SAP: 

– Sample containers, preservation, and holding times for aqueous samples are listed in Table C-1 in the 
QAPP.  Task-specific sample containers, preservation, and holding times shown in Appendix D of the 
SAP, and take precedence over the QAPP. 

– Analytes, methods, and target reporting limits are listed in Table C-2 in the QAPP.  The requirements 
for dissolved organic carbon (DOC) are the same as for total organic carbon (TOC).  The target 
reporting limits for metals speciation (arsenic, chromium, mercury, and selenium) are the same as for 
the Target Analyte List (TAL) metals. Target reporting limits are compared to human health and 
ecological screening values in Table E-3, as a check that the limits are adequate for use in risk 
assessment screening. Laboratory-specific SOPs will be followed for arsenic, chromium, mercury, 
and selenium speciation once the laboratory has been selected. 

– Precision and accuracy objectives for quality control (QC) samples for aqueous matrices are listed in 
Table C3 of the QAPP.  The requirements for DOC are the same as for TOC.  The target reporting 
limits for metals speciation (arsenic, chromium, mercury, and selenium) are the same as for the TAL 
metals.   

– Appendix D to the QAPP presents quality assurance (QA) requirements for solid matrices.   For the 
SAP, solid matrices will include ash deposits, seasonally-exposed sediment, submerged sediment, and 
geological formation soil.  The following supplementary information is provided for the SAP: 

– Sample containers, preservation, and holding times for solid samples are listed in Table D-1 in the 
QAPP.  Task-specific sample containers, preservation, and holding times shown in Appendix D of the 
SAP, and take precedence over the QAPP. 
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– Analytes, methods, and target reporting limits are listed in Table D-2 in the QAPP.  Task-specific 
analytical methods for solid matrices are shown in Appendix D of the SAP.  Target reporting limits 
are shown in Table E-4 in this QAPP Addendum for those analytes not included in the QAPP.  These 
target reporting limits are compared to human health and ecological screening values in Tables E-5 
and E-6, as a check that the limits are adequate for use in risk assessment screening. 

– Precision and accuracy objectives for QC samples for aqueous matrices are listed in Table D-3 of the 
QAPP.  Task-specific objectives for solid matrices are shown in Tables E-7 and E-8 of this QAPP 
Addendum for those analytes not included in the QAPP. 

Appendix G to the QAPP presents QA requirements for biological matrices.  For the SAP, biological 
matrices will include benthic invertebrates (snails and mayflies), fish (largemouth bass, bluegill, channel 
catfish, gizzard shad, and threadfin shad), and birds eggs/hatchlings (tree swallow and heron). The 
following supplementary information is provided for the SAP: 

– Sample containers, preservation, and holding times for solid samples are listed in Table G-1 in the 
QAPP.  Task-specific sample containers, preservation, and holding times are shown in Appendix D of 
the SAP, and take precedence over the QAPP. 

– Analytes, methods, and target reporting limits are listed in Table G-2 in the QAPP.  Task-specific 
analytical methods for solid matrices are shown in Appendix D of the SAP.  Target reporting limits 
are shown in Table E-9 in this QAPP Addendum for those analytes not included in the QAPP.  These 
target reporting limits are compared to human health and ecological screening values in Table E-9, as 
a check that the limits are adequate for use in risk assessment screening. 

– Precision and accuracy objectives for QC samples for aqueous matrices are listed in Table G-3 of the 
QAPP.  Task-specific objectives for solid matrices are shown in Table E-10 of this QAPP Addendum 
for those analytes not included in the QAPP. 
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Table E-1.  Quality Assurance Project Plan Cross-Walk 

QAPP Element Location in SAP Location in SOPs 

Data Quality Objectives Appendix A:  Data Quality 
Objectives for Environmental 
Media 

 

Sampling Design Section 2.2:  Study Design 
2.2.1 Ash Deposits 
2.2.2 Seasonally Exposed 

Sediment 
2.2.3 Submerged Sediment 
2.2.4 Sediment Porewater 
2.2.5  Surface Water 
2.2.6  Groundwater 
2.2.7  Benthic Invertebrates 
2.2.8  Fish 
2.2.9  Wildlife 

 

Sampling Methods Section 5.1  Field Sampling 
Procedures 
5.1.1 Ash Deposits 
5.1.2 Seasonally-Exposed 

Sediment 
5.1.3 Submerged Sediment 
5.1.4 Sediment Porewater 
5.1.5  Surface Water 
5.1.6  Groundwater 
5.1.7  Benthic Invertebrates 
5.1.8  Fish 
5.1.9  Wildlife 

Appendix D:  Field Sampling 
Summary 

Applicable SOPs1  

Sample Collection Appendix D:  Field Sampling 
Summary 

Applicable SOPs1  

Data Review and Validation  
(TVA-KIF-QAPP Section 21.0) 

Appendix B: Baseline 
Ecological Risk Assessment 
Methodology 
Appendix C: Groundwater 
Transport Modeling 
Methodology 

 

Assessments and Response 
Actions (TVA-KIF-QAPP 
Section 19.0) 

  

Note:   

1Applicable SOPs are referenced in the SAP and listed in Table E-2.   
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Table E-2.  Standard Operating Procedures for the River System Sampling and Analysis 

SOP Number SOP Title 

TVA-KIF-SOP-01 
TVA-KIF-SOP-02 
TVA-KIF-SOP-04 
TVA-KIF-SOP-05 
TVA-KIF-SOP-06 
TVA-KIF-SOP-07 
TVA-KIF-SOP-08 
TVA-KIF-SOP-09 
TVA-KIF-SOP-11 
TVA-KIF-SOP-12 
TVA-KIF-SOP-13 
TVA-KIF-SOP-14 
TVA-KIF-SOP-15 
TVA-KIF-SOP-18 
TVA-KIF-SOP-20 
TVA-KIF-SOP-29 
TVA-KIF-SOP-30 
TVA-KIF-SOP-31 
TVA-KIF-SOP-32 
TVA-KIF-SOP-33 
TVA-KIF-SOP-35 
TVA-KIF-SOP-39 
TVA-KIF-SOP-42 
TVA-KIF-SOP-43 

Surface Water Sampling 
Groundwater Sampling 
Soil Sampling for Inorganic Analysis 
Sediment Sampling 
Field Documentation 
Sample Labeling, Packing, and Shipping 
Decontamination of Equipment 
Sediment Sampling For AVS/SEM Analysis 
Field Quality Control Sampling 
Management of Investigation-Derived Waste 
Sample Retain Archive and Maintenance 
Hydrolab Datasonde® Standardization and Field Parameter Measurement 
Collecting and Processing Heron and Osprey Eggs 
Management and Implementation of EQuIS-Based Chain-of-Custody 
Ash Homogenization 
Mayfly Sampling 
Snail Sampling 
Fish Sampling With Gill Nets 
Fish Sampling With Seines 
Fish Sampling - Boat-Mounted Electrofishing 
Benthic Macroinvertebrate Community Sampling  
Monitoring Well and Piezometer Well Installation and Completion 
Slug Testing 
Porewater Collection from Sediment and Ash 
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Table E-3. Comparison of Screening Levels for Inorganics and Radionuclides with Target Reporting Limits Aqueous Matrices 

Analyte CAS No. 

QAPP Target 
Reporting 

Limit (ug/L) 

Surface Water 
RBSL 

(ug/L or pCi/L) Surface Water Basis 

Groundwater 
RBSL 

(ug/L or pCi/L) Groundwater Basis 

Surface Water 
ESL Values 

(mg/L or pCi/L)  Source 
Aluminum 7429-90-5 100 3,700 RBSL 3,700 RBSL 087.0 AWQC 
Antimony 7440-36-0 2.0 1.5 RBSL 1.5 RBSL 

Arsenic 7440-38-2 2.0 0.018 AWQC, Consumption 
of Water and Organism 0.045 RBSL 150.0 AWQC 

Barium 7440-39-3 10 730 RBSL 730 RBSL NA 
Beryllium 7440-41-7 3.0 4 MCL 4 MCL NA 
Boron 7440-42-8 10 730 RBSL 730 RBSL NA 
Cadmium 7440-43-9 1.0 1.8 RBSL 1.8 RBSL 002.2 
Chromium 7440-47-3 2.0 100 MCL 100 MCL 011.0 AWQC 
Cobalt 7440-48-4 2.0 1.1 RBSL 1.1 RBSL NA 
Copper 7440-50-8 5.0 150 RBSL 150 RBSL 009.0 AWQC 
Iron 7439-89-6 50 300 RBSL 2,600 RBSL NA 
Lead 7439-92-1 2.0 5 Tennessee MCL 5 MCL NA 

Manganese 7439-96-5 5.0 50 AWQC, Consumption 
of Water and Organism 88 RBSL NA  

Mercury 7439-97-6 0.2 0.05 TWQC, Water and 
Organisms 0.057 RBSL 000.77            AWQC 

Molybdenum 7439-98-7 5.0 18 RBSL 18 RBSL NA 
Nickel 7440-02-0 5.0 73 RBSL 73 RBSL 052.0 AWQC 
Selenium 7782-49-2 2.0 18 RBSL 18 RBSL 005.0 AWQC 
Silver 7440-22-4 2.0 18 RBSL 18 RBSL NA 
Strontium 7440-24-6 NA 22,000 RBSL 22,000 RBSL 1.5 ORNL 
Thallium 7440-28-0 2.0 0.24 RBSL 0.24 RBSL NA 
Vanadium 7440-62-2 4.0 18 RBSL 18 RBSL NA 

Zinc 7440-66-6 50 7,400 AWQC, Consumption 
of Water and Organism 11,000 RBSL 120.0 AWQC 

Cs-137 1.0 1.57 RBSL 1.57 RBSL NA 
Co-60 1.0 3.03 RBSL 3.03 RBSL NA 
K-40 1.0 1.93 RBSL 1.93 RBSL NA 
Ra-226 1.0 0.000816 RBSL 0.000816 RBSL NA 
Ra-228 1.0 0.0458 RBSL 0.0458 RBSL NA 



Table E-3. Comparison of Screening Levels for Inorganics and Radionuclides with Target Reporting Limits Aqueous Matrices 
 (continued) 
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Analyte CAS No. 

QAPP Target 
Reporting 

Limit (ug/L) 

Surface Water 
RBSL 

(ug/L or pCi/L) Surface Water Basis 

Groundwater 
RBSL 

(ug/L or pCi/L) Groundwater Basis 

Surface Water 
ESL Values 

(mg/L or pCi/L)  Source 
Th-228 1.0 0.159 RBSL 0.159 RBSL NA 
Th-232 1.0 0.471 RBSL 0.471 RBSL NA 
U-234 1.0 0.674 RBSL 0.674 RBSL NA 
U-235 1.0 0.663 RBSL 0.663 RBSL NA 
U-238 1.0 0.547 RBSL 0.547 RBSL NA 

Notes: 
AWQC = Ambient Water Quality Criterion 
CAS = Chemical Abstract Service 
ESL = ecological screening level 
mg/L  = milligrams per liter 
MCL = maximum contaminant level 
NA  = not available or applicable 
ORNL = Oak Ridge National Laboratory 
pCi/L = picocuries per liter 
RBSL  = risk-based screening level 
TWQC = Tennessee Water Quality Criterion 
µg/L = microgram per liter   
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Table E-4.  (QAPP Table D-2) Analytes, Methods, and Target Reporting Limits Solid Matrices 

Sample Type(s) Test Parameter / Physical Parameter Test Method Reporting Limit 

Cell Ash 
 

Soil 
 

Bedrock 

Bulk Density ASTM D2937 0.1 pcf 

Effective Porosity ASTM D4404-86 0.01% 

Total Porosity ASTM D6836 0.01% 

Moisture Content ASTM D2216 0.001% 

Vertical Hydraulic Conductivity ASTM D5126-90 0.1 cm/sec 

Soil pH ASTM D4972-01 0.1 pH units 

Polarized Light Microscopy EPA-600/M4-82-020 or 
equivalent Lab SOP 4% 

Column Leaching ASTM D4793 QAPP Table C-2 

Free Iron Oxide Chao and Zhou (1983) 1% 

Cation Exchange Capacity 
Exchangable Cations 
Calicte Equivalent Soluble Salts 

ASA 1996 Methods 
14,15,16, or equivalent 
Lab SOP 

1.0 meq/100 grams 

Notes: 
ASTM = American Society for Testing Materials 
pcf  = per cubic foot 
cm/sec = centimeters per second 
meq  = milliequivalent 
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Table E-5. (QAPP Table D-2) Analytes and Target Reporting Limits Solid Matrices 

Sample Type(s) Test Parameter Method CASRN 

QAPP 
Reporting Limit

(µg/kg) 

Sediment Target  
CRQL1 

(µg/kg) 
Sediment 

RBSL2 

Sediment 
Region 4 ESVs 

(µg/kg) Sediment Notes 

 
Released Ash 

 
Sediment 

Pesticides - SW-846 8081A 
aldrin 309-00-2 ND 1.7 29 2 Region III 
alpha-BHC 319-84-6 ND 1.7 77 6 Region III 
alpha-chlordane 5103-71-9 ND 1.7 1,600 0.5 chlordane as basis 
beta-BHC 319-85-7 ND 1.7 270 5 Region III 
delta-BHC 319-86-8 ND 1.7 NA 6,400 Region III 
4,4'-DDD 72-54-8 ND 3.3 2,000 1.22   
4,4'-DDE 72-55-9 ND 3.3 1,400 2.07   
4,4'-DDT 50-29-3 ND 3.3 1,700 1.19   
dieldrin 60-57-1 ND 3.3 30 0.02   
endosulfan I 115-29-7 ND 1.7 370,000 2.9 Region III 
endosulfan II 33213-65-9 ND 3.3 370,000 14 Region III 
endosulfan sulfate 1031-07-8 ND 3.3 370,000 5.4 Region III 
endrin 72-20-8 ND 3.3 18,000 0.02   
endrin aldehyde 7421-93-4 ND 3.3 18,000 0.02 endrin as basis 
endrin ketone 53494-70-5 ND 3.3 18,000 0.02 endrin as basis 
gamma-BHC (lindane) 58-89-9 ND 1.7 520 0.32   
gamma-chlordane 5103-74-2 ND 1.7 1,600 0.5 chlordane as basis 
heptachlor 76-44-8 ND 1.7 110 68 Region III 
heptachlor epoxide 1024-57-3 ND 1.7 53 2.47 Region III 
methoxychlor 72-43-5 ND 17.0 310,000 18.7 Region III 
toxaphene 8001-35-2 ND 170.0 440 0.1 Region III 
Polychlorinated Biphenyls - SW-846 8082 
aroclor-1016 12674-11-2 ND 33.0 3,900 NA   
aroclor-1221 11104-28-2 ND 33.0 140 NA   
aroclor-1232 11141-16-5 ND 33.0 140 NA   
aroclor-1242 53469-21-9 ND 33.0 220 NA   
aroclor-1248 12672-29-6 ND 33.0 220 NA   
aroclor-1254 11097-69-1 ND 33.0 220 NA   
aroclor-1260 11096-82-5 ND 33.0 220 NA   
aroclor-1262 37324-23-5 ND 33.0 220 NA   
aroclor-1268 11100-14-4 ND 33.0 220 NA   
PCBs (total) ND 220 21.6   



Table E-5. (QAPP Table D-2) Analytes and Target Reporting Limits Solid Matrices 
(continued) 
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Sample Type(s) Test Parameter Method CASRN 

QAPP 
Reporting Limit

(µg/kg) 

Sediment Target  
CRQL1 

(µg/kg) 
Sediment 

RBSL2 

Sediment 
Region 4 ESVs 

(µg/kg) Sediment Notes 

 
Released Ash 

 
Sediment 

Polynuclear Aromatic Hydrocarbons - SW-846 8270 SIM 
acenaphthene 83-32-9 67 3.3 3,400,000 6.71   
acenaphthylene 208-96-8 67 3.3 NA 5.87   
anthracene 120-12-7 67 3.3 17,000,000 46.9   
benzo(a)anthracene 56-55-3 67 3.3 150 74.8   
benzo(a)pyrene 50-32-8 67 3.3 15 88.8   
benzo(b)fluoranthene 205-99-2 67 3.3 150 27.2 Region III 
benzo(e)pyrene 192-97-2 67 3.3 NA   
benzo(g,h,i)perylene 191-24-2 67 3.3 NA 170 Region III 
benzo(k)fluoranthene 207-08-9 67 3.3 1,500 240 Region III 
chrysene 218-01-9 67 3.3 15,000 108   
dibenzo(a,h)anthracene 53-70-3 67 3.3 15 6.22   
fluoranthene 206-44-0 67 3.3 2,300,000 113   
fluorene 86-73-7 67 3.3 2,300,000 21.2   
indeno(1,2,3-cd)pyrene 193-39-5 67 3.3 150 17 Region III 
2-methylnaphthalene 91-57-6 67 3.3 310,000 34.6 naphthalene as basis 
naphthalene 91-20-3 67 3.3 3,600 34.6   
phenanthrene 85-01-8 67 3.3 NA 86.7   
pyrene 129-00-0 67 3.3 1,700,000 153   

 



Table E-5. (QAPP Table D-2) Analytes and Target Reporting Limits Solid Matrices 
(continued) 
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Sample Type(s) Test Parameter CASRN 

QAPP Reporting 
Limit 

(µg/kg) 
Soil RL3 

(µg/L) 
Soil MDL3 

(µg/kg) 
Soil CRQL1 

(µg/kg) 

Released Ash 
 

Sediment 

Alkylated Polynuclear Aromatic Hydrocarbons- SW-846 8270 SIM 
C1-Chrysenes NA ND 10 5.0 3.3 
C1-Fluoranthenes/Pyrenes NA ND 10 5.0 3.3 
C1-Fluorenes NA ND 10 5.0 3.3 
C1-Naphthalenes NA ND 10 5.0 3.3 
C1-Phenanthrenes/Anthracenes NA ND 10 5.0 3.3 
C2-Chrysenes NA ND 10 5.0 3.3 
C2-Fluorenes NA ND 10 5.0 3.3 
C2-Naphthalenes NA ND 10 5.0 3.3 
C2-Phenanthrenes/Anthracenes NA ND 10 5.0 3.3 
C3-Chrysenes NA ND 10 5.0 3.3 
C3-Fluorenes NA ND 10 5.0 3.3 
C3-Naphthalenes NA ND 10 5.0 3.3 
C3-Phenanthrenes/Anthracenes NA ND 10 5.0 3.3 
C4-Chrysenes NA ND 10 5.0 3.3 
C4-Naphthalenes NA ND 10 5.0 3.3 
C4-Phenanthrenes/Anthracenes NA ND 10 5.0 3.3 

Notes: 
1  CRQLs are from EPA's Contract Laboratory Program and are provided for reference until an analytical laboratory is selected.  Project specific quantitation limits will be selected consistent with or as 

close as possible to the applicable screening levels. 
2  EPA 2009 Mid-Atlantic Risk Assessment website http://www.epa.gov/reg3hscd/risk/human/rb-concentration_Table/Generic_Tables/index.htm 
3  Lab reporting limits and method detection limits from Pace Analytical Laboratories. 
CASRN  = Chemical Abstract Registry Number 
CRQL  = Contract Required Quantitation Limit 
ESV = ecological screening value 
MDL = method detection limit 
ND = not determined 
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Table E-6. Comparison of Screening Levels for Inorganics and Radionuclides with Target 
Reporting Limits Solid Matrices 

Analyte CAS No. 

QAPP Target 
Reporting Limit 

(mg/kg) 
Sediment RBSL 
(mg/kg or pCi/g) 

Sediment 
ESLs 

(mg/kg)  Source 

Aluminum 7429-90-5 40 7,700 NA   

Antimony 7440-36-0 6.0 3.1 12 R4 

Arsenic 7440-38-2 2.0 0.39 7.24 R4 

Barium 7440-39-3 1.0 1,500 NA   

Beryllium 7440-41-7 1.0 16 NA   

Boron 7440-42-8 20 1,600 NA   

Cadmium 7440-43-9 0.5 7 1 R4 

Chromium 7440-47-3 1.5 280 52.3 R4 

Cobalt 7440-48-4 5.0 2.3 NA   

Copper 7440-50-8 2.5 310 18.7 R4 

Iron 7439-89-6 20 5,500 NA   

Lead 7439-92-1 1.5 400 30.2 R4 

Manganese 7439-96-5 1.5 180 NA   

Mercury 7439-97-6 .02 4.3 0.13 R4 

Molybdenum 7439-98-7 4.0 39 NA   

Nickel 7440-02-0 4.0 150 15.9 R4 

Selenium 7782-49-2 1.5 39 NA   

Silver 7440-22-4 3.0 39 2 R4 

Strontium 7440-24-6 NA 47,000 NA 

Thallium 7440-28-0 3.5 0.51 NA   

Vanadium 7440-62-2 2.5 39 NA   

Zinc 7440-66-6 6.0 2,300 124 R4 

Cs-137 1.0 3.88 NA   

Co-60 1.0 0.0361 NA   

K-40 1.0 0.108 NA   

Ra-226 1.0 0.0124 NA   

Ra-228 1.0 0.0677 NA   

Th-228 1.0 0.154 NA   

Th-232 1.0 3.1 NA   

U-234 1.0 4.01 NA   

U-235 1.0 0.195 NA   

U-238 1.0 0.742 NA   
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Table E-7. (QAPP Table D-3) Summary of Precision and Accuracy Objectives for Quality Control Samples, Groundwater Modeling 
Input Parameters 

Compound Test Method 

LCS 
Accuracy 

(% Recovery) 

MS/MSD 
Accuracy 

(% Recovery) 

LCS/LCSD 
Precision 

(RPD) 

MS/MSD 
Precision 

(% Recovery) 

Laboratory 
Duplicate 
Precision 

(RPD) 
Field Duplicate 

Precision1 

Bulk Density ASTM D2937 NA NA NA NA NA RPD <10% 
difference < the RL 

Effective Porosity ASTM D4404-86 NA NA NA NA NA RPD <10% 
difference < the RL 

Total Porosity ASTM D6836 NA NA NA NA NA RPD <10% 
difference < the RL 

Moisture Content ASTM D2216 NA NA NA NA NA RPD <10% 
difference < the RL 

Vertical Hydraulic Conductivity ASTM D5126-90 NA NA NA NA NA None (No Field 
Duplicates) 

Soil pH ASTM D4972-01 NA NA NA NA NA RPD <20% 
difference < the RL 

Polarized Light Microscopy EPA-600/M4-82-020 
or equivalent Lab SOP NA NA NA NA 

+/- 4%   
+/- 10% 

+/- 4% 
RPD <35% 

Column Leaching ASTM D4793 NA NA NA NA 20 None (No Field 
Duplicates) 

Free Iron Oxide Chao and Zhou (1983) NA NA NA NA 20 RPD <20% 
difference < the RL 

Cation Exchange Capacity 
Exchangable Cations 
Calicte Equivalent Soluble Salts 

ASA 1996,  Methods 
14,15,16, or 
equivalent Lab SOP 

NA NA NA NA 20 RPD <20% 
difference < the RL 

Notes: 
1 When both field duplicate results are > 5 times  the RL, the RPD must be < 35%. When at least one result is <5 times the RL, the difference must be <2 times the RL. 
LCS = laboratory control sample 
LCSD = laboratory control sample duplicate 
RL = reporting limit 
RPD = relative percent difference 
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Table E-8. (QAPP Table D-3) Summary of Precision and Accuracy Objectives for Quality Control Samples Solid Matrices 

Compound CASRN 

Surrogate 
Compound 

Recoveries/Chemical 
Yield (%) 

LCS 
Accuracy 

(% 
Recovery) 

MS/MSD 
Accuracy 

(% Recovery) 

LCS/LCSD 
Precision 

(RPD) 

MS/MSD 
Precision 

(% Recovery) 

Laboratory 
Duplicate 
Precision 

(RPD) 
Field Duplicate 

Precision1 

Metals Speciation 
(As, Se, Hg, Cr) 

NA NA 80 - 120 75-125 35 35 35 
RPD <35% 
difference < 2 times 
the RL 

Polarized Light 
Microscopy (fixed 
laboratory) 

NA NA NA NA NA NA +/- 10% RPD <35% 

Polynuclear Aromatic 
Hydrocarbons 83-32-9 50 - 130 

80 - 120 
50 - 130 

75 - 125 
50 - 130 

35 35 35 
RPD <35% 
difference < 2 times 
the RL 

Alkylated Polynuclear 
Aromatic 
Hydrocarbons 

208-96-8 50 - 130 
80 - 120 
50 - 130 

75 - 125 
50 - 130 

35 35 35 
RPD <35% 
difference < 2 times 
the RL 

Pesticides 309-00-2 50 - 130 
80 - 120 
50 - 130 

75 - 125 
50 - 130 

35 35 35 
RPD <35% 
difference < 2 times 
the RL 

Polychlorinated 
Biphenyls 11104-28-2 50 - 130 

80 - 120 
50 - 130 

75 - 125 
50 - 130 

35 35 35 
RPD <35% 
difference < 2 times 
the RL 

Note: 
1 When both field duplicate results are > 5 times the RL, the RPD must be < 35%. When at least one result is < 5 times the RL, the difference must be <2 times the RL. 
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Table E-9. Comparison of Screening Levels for Inorganics and Radionuclides with Target 
Reporting Limits, Biological (Fish Fillet) Matrices 

Analyte CAS No. 
QAPP Target Reporting 

Limit (mg/kg) 
Fish RBSL1 

(mg/kg or pCi/g) 

Aluminum 7429-90-5 25 135 
Antimony 7440-36-0 0.1 0.0541 
Arsenic 7440-38-2 0.1 0.0021 
Barium 7440-39-3 0.1 27 
Beryllium 7440-41-7 0.1 0.27 
Boron 7440-42-8 0.5 27 
Cadmium 7440-43-9 0.1 0.135 
Chromium 7440-47-3 0.1 203 
Cobalt 7440-48-4 .01 0.0406 
Copper 7440-50-8 0.5 5.41 
Iron 7439-89-6 25 94.6 
Lead 7439-92-1 .01 NA 
Manganese 7439-96-5 0.5 18.9 
Mercury 7439-97-6 0.02 0.0135 
Molybdenum 7439-98-7 1.0 0.676 
Nickel 7440-02-0 0.1 2.7 
Selenium 7782-49-2 0.2 0.676 
Silver 7440-22-4 0.05 0.676 
Strontium 7440-26-4 NA NA 
Thallium 7440-28-0 0.1 0.00876 
Vanadium 7440-62-2 0.2 0.681 
Zinc 7440-66-6 2.0 40.6 
Cs-137 ND 0.0472 
Co-60 ND 0.0791 
K-40 ND 0.0514 
Ra-226 ND 0.00342 
Ra-228 ND 0.00123 
Th-228 ND 0.00418 
Th-232 ND 0.0133 
U-234 ND 0.0185 
U-235 ND 0.0181 
U-238 ND 0.0146 

Note: 
1 ORNL 2010.  http://rais.ornl.gov/cgi_bin/prg/prg_search?select=chem 
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Table E-10. (QAPP Table G-3) Summary of Precision and Accuracy Objectives for Quality Control Samples, Biological Samples 

Compound CASRN 

Surrogate 
Compound 

Recoveries/Chemical 
Yield (%) 

LCS 
Accuracy 

(% Recovery) 

MS/MSD 
Accuracy 

(% Recovery) 

LCS/LCSD 
Precision 

(RPD) 

MS/MSD 
Precision 

(% Recovery) 

Laboratory 
Duplicate 
Precision 

(RPD) 
Field Duplicate 

Precision1 

Metals Speciation 
(As, Se, Hg, Cr) 

NA NA 80 - 120 75 - 125 35 35 35 RPD <35 
difference < the RL 

Radiological 
Parameters NA 30 - 110 80 - 120 70 - 130 NA NA RPD < 35 

RER < 3 
RPD <35 
RER < 3 

Polynuclear Aromatic 
Hydrocarbons 83-32-9 50 - 130 

80 - 120 
50 - 130 

75 - 125 
50 - 130 

35 35 35 RPD <35% 
difference < the RL 

Alkylated Polynuclear 
Aromatic Hydrocarbons 208-96-8 50 - 130 

80 - 120 
50 - 130 

75 - 125 
50 - 130 

35 35 35 RPD <35% 
difference < the RL 

Pesticides 309-00-2 50 - 130 
80 - 120 
50 - 130 

75 - 125 
50 - 130 

35 35 35 RPD <35% 
difference < the RL 

Polychlorinated 
Biphenyls 11104-28-2 50 - 130 

80 - 120 
50 - 130 

75 - 125 
50 - 130 

35 35 35 RPD <35% 
difference < the RL 

Note: 
1 When both field duplicate results are > 5 times the RL, the RPD must be < 35%. When at least one result is < 5 times the RL, the difference must be <2 times the RL. 
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